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         Module 1: Identification
            of Infectious Disease Processes

         
         
         
         
            
            
            Crucial to all tasks that an infection
               preventionist is charged with is a keen understanding of what infectious agents are,
               how they spread, how they are identified, and the dangers associated with not only
               the agent but, in some cases, the treatment for the agent. With that in mind, this
               module begins by discussing the factors that make a disease more likely to be
               present and to spread. It then moves into a discussion of microbiology, including
               the basics of infectious agents and how the body responds to them, before going over
               examples of commonly encountered or notable infectious agents found in the
               healthcare environment. Clinical testing methods are then discussed, and the module
               concludes with an examination of antimicrobial stewardship, including how
               antimicrobials work and the danger associated with misuse of them.

            
            

         
         
         
         
   
      
         
         
         
         Section A: Factors Influencing Likelihood of Disease
            Presence

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Describe various risk factors for
                     infectious disease, including travel, vaccination status, and
                     immunocompromising factors.

                  
                  

               
               

            
            
            
            This section begins with a discussion of
               the various factors that influence whether a disease is likely to be present in a
               given area.

            
            

         
         
         
         
   
      
         
         
         
         Travel

         
         
         
         
            
            
            
            The number of people traveling abroad annually has increased
               dramatically during the past 25 years. The ease of international travel has brought
               with it effortless transportation of highly contagious diseases from one continent
               to another; the global pandemic of COVID-19 has showcased the challenges of travel
               and infection spread. 

            
            
            
            Due to the potential length of incubation
               periods for infectious illness, travel within the last 21 days is crucial
               information, and individuals returning from a trip should diligently monitor any
               symptoms of illness and communicate with others who may have been with them
               during the trip with regard to any identified symptoms. Travel history
               information should be considered foundational to assessing new potential
               infections, as is evidenced by the Centers for Disease Control and Prevention’s
               (CDC’s) Identify, Isolate, and Inform guidance with relation to Ebola. This guidance
               recommends that every person entering an
               emergency department should be asked if they have traveled internationally in
               the last 21 days.

            
            
            
            
               Key Point

               
                  
                  
                  Though much of the
                     available discussion and guidance refers specifically to
                     international travel, it is important to remember that
                     travel as a risk factor does not relate to this only.
                     Travelers returning from any area with an endemic communicable disease to
                     an area where that disease is non-endemic may present
                     with an illness that is locally uncommon or has not yet
                     been encountered by a facility.

                  
                  
                  
                  Additionally,
                     international travel for medical or surgical procedures,
                     known as medical tourism, poses increased risk compared
                     to international travel for leisure purposes. These
                     include increased risk of the traveler contracting
                     infectious disease and/or organisms with antibiotic
                     resistance.

                  
                  

            
            
            
            An article by Theresa N. Duong and Sarah E.
               Waldman titled “Importance of a Travel History in Evaluation of Respiratory
               Infections” shares a basic approach. Duong and Waldman indicate that, when an
               individual becomes sick and has a recent history of travel, a chronological
               timeline of symptoms can be developed and used to determine if the symptoms were
               present before, during, or after travel. If the timeline indicates that the
               symptoms may be attributable to travel, further examination—including why the
               patient traveled, where they traveled, for how long they traveled, what
               travel-related activities they undertook, and any known symptoms occurring in
               other members of the travel party—can isolate the potential relationship between
               travel and symptoms and which pathogens could potentially be involved.

            
            
            
            Using the information gathered from the
               patient, resources such as the CDC’s Traveler’s Health page, which includes
               travel advisories and reports of outbreaks worldwide sortable by location, can
               help create a clearer picture of the risk associated with travel. Another quality resource is promedmail.org, which also has
                  information on infection prevalence around the world.

            
            

         
         
         
         
         
            
            
            Considerations for Employee Travel

            
            
            
            
               
               
               
               Though employees returning from travel may pose an
                  infection risk to others in the facility when they return, it remains important that
                  healthcare workers and other workers in a facility have the ability to take
                  vacations per their facility’s policies and procedures. A risk assessment tool can
                  be helpful in determining whether an employer should allow an employee to return to
                  work with screenings or whether an employee may need to be on furlough due to
                  travel. 

               
               
               
               Procedures and policies should be in place to encourage HCP to
                  strictly adhere to Standard Precautions upon their return to work, to prevent
                  possible transmissions. Education programs should also ensure that HCP remain
                  prepared for looming threats (e.g., new pandemics or other global health
                  threats).

               
               

            
            

         
         
   
      
         
         
         
         The Environment

         
         
         
         
            
            
            
            Environmental factors may exist both inside and
               outside the healthcare facility.

            
            
            
            Outside factors include the
                  prevalence of a given organism in the community or, as referenced earlier, in
                  communities and locations that an individual has traveled to. This may
                  include climatic factors. Facilities that are in warmer, more humid climates
               may have a higher incidence of certain organisms, such as molds and organisms
               transmitted via insect vectors like mosquitoes. Soil, water, and plant reservoirs
               may also influence the infection risk for a facility and those within it.

            
            
            
            Note that just because a
               certain environment may generally see a higher incidence of a given illness, not all
               similar environments will have those same issues. For example, malaria is generally
               understood as a tropically prevalent disease, but not all warm or tropical climates
               have endemic malaria.

            
            
            
            These environmental factors are also
               important considerations in the infection control risk assessment process, which
               is discussed in more detail elsewhere.

            
            
            
            Inside environmental factors include nearly
               everything inside the healthcare facility. Common examples are:

            
            
            
            
               
               
               	
                  
                  
                  Inanimate objects, such as
                     high-touch surfaces and medical equipment.

                  
                  

               
               
               
               	
                  
                  
                  Plumbing system design and
                     operation.

                  
                  

               
               
               
               	
                  
                  
                  Heating, ventilation, and air
                     conditioning (HVAC) system design and operation.

                  
                  

               
               
               
               	
                  
                  
                  Compliance with hand and
                     respiratory hygiene processes.

                  
                  

               
               
               
               	
                  
                  
                  Population density in a
                     facility.

                  
                  

               
               
               
               	
                  
                  
                  Organism prevalence in a
                     facility.

                  
                  

               
               

            
            
            
            Many different processes in a facility can
               affect internal environmental factors, and these may result in changing risk
               associated with the environment over time. For instance, the use of proper
               cleaning and disinfecting supplies and processes may reduce risk, but if a
               facility does not have adequate supplies, the risk may increase. Or, a
               well-designed HVAC system may still lead to increased infection risk when
               filters are not used or changed according to the manufacturer’s instructions for
               use (IFU) or if other maintenance processes are ignored.

            
            
            
            
               Key Point

               
                  
                  
                  The processes that affect internal
                     environmental risk factors are numerous and crucial to infection prevention.
                     Most if not all of these processes are the focus of or are incorporated in
                     infection prevention and control programs. These critical processes are covered
                     at length throughout the rest of this learning system.

                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Vaccination Status

         
         
         
         
            
            
            
            Immunization is an important strategy for
               preventing diseases. Whether a person is fully vaccinated and up-to-date with
               any recommended boosters is an important risk factor to consider when assessing
               potential causal pathogens for symptoms and the risk of spread of a given
               pathogen.

            
            
            
            The CDC’s Advisory Committee
               on Immunization Practices (ACIP) provides guidance regarding many
               vaccine-preventable diseases, including:

            
            
            
            
               
               
               	
                  
                  
                  Anthrax.

                  
                  

               
               
               
               	
                  
                  
                  Cholera.

                  
                  

               
               
               
               	
                  
                  
                  COVID-19.

                  
                  

               
               
               
               	
                  
                  
                  Dengue.

                  
                  

               
               
               
               	
                  
                  
                  Diphtheria, tetanus, and pertussis;
                     poliovirus; Haemophilus
                        influenzae Type b; hepatitis B (DTaP-IPV-Hib-HepB).

                  
                  

               
               
               
               	
                  
                  
                  Diphtheria, tetanus, and pertussis
                     (DTaP/Tdap/Td).

                  
                  

               
               
               
               	
                  
                  
                  Ebola.

                  
                  

               
               
               
               	
                  
                  
                  Hepatitis A (HepA).

                  
                  

               
               
               
               	
                  
                  
                  Hepatitis B (HepB).

                  
                  

               
               
               
               	
                  
                  
                  Haemophilus influenzae Type b
                     (Hib).

                  
                  

               
               
               
               	
                  
                  
                  Human papillomavirus (HPV).

                  
                  

               
               
               
               	
                  
                  
                  Influenza.

                  
                  

               
               
               
               	
                  
                  
                  Japanese encephalitis.

                  
                  

               
               
               
               	
                  
                  
                  Measles, mumps, and rubella
                     (MMR).

                  
                  

               
               
               
               	
                  
                  
                  Measles, mumps, rubella, and
                     varicella (MMRV).

                  
                  

               
               
               
               	
                  
                  
                  Mpox.

                  
                  

               
               
               
               	
                  
                  
                  Meningococcal disease.

                  
                  

               
               
               
               	
                  
                  
                  Pneumococcal disease.

                  
                  

               
               
               
               	
                  
                  
                  Polio.

                  
                  

               
               
               
               	
                  
                  
                  Rabies.

                  
                  

               
               
               
               	
                  
                  
                  Respiratory syncytial virus (RSV).

                  
                  

               
               
               
               	
                  
                  
                  Rotavirus.

                  
                  

               
               
               
               	
                  
                  
                  Smallpox (vaccinia).

                  
                  

               
               
               
               	
                  
                  
                  Typhoid.

                  
                  

               
               
               
               	
                  
                  
                  Varicella (chickenpox).

                  
                  

               
               
               
               	
                  
                  
                  Yellow fever.

                  
                  

               
               
               
               	
                  
                  
                  Zoster (shingles).

                  
                  

               
               

            
            
            
            As ACIP’s “General Best Practice Guidelines
               for Immunization” shares, the level of immune response to a vaccine depends on
               the type of vaccine and the age and immune status of the recipient. Some
               vaccines (and illnesses) convey lifelong immunity while other vaccines require
               regular boosters. Vaccines should be administered in accordance with recommended
               intervals. With regard to any vaccine-preventable disease, individuals who
               present an unknown or incomplete vaccination history, have not completed a full
               vaccine dose, or who are not up-to-date on boosters should be considered at
               higher risk for contracting the disease.

            
            
            
            
               Key Point

               
                  
                  
                  Of particular
                     importance in healthcare facilities is whether
                     healthcare personnel (HCP) are susceptible to
                     vaccine-preventable diseases. The presence of
                     susceptible HCP can have devastating consequences for a
                     medical facility, as employees may suffer morbidity and
                     mortality and may also serve as a vector of transmission
                     to other susceptible and immunocompromised persons.

                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Immunocompromising Factors

         
         
         
         
            
            
            
            Infectious diseases cause significant morbidity and
               mortality in immunocompromised persons. An immunocompromised person has one or more defects in
               the body’s normal defense mechanisms that predispose him or her to infections, often
               life-threatening, that would otherwise not occur. These
               individuals are at risk for common infections
               as well, and these may pursue a more aggressive course than they might
               otherwise.

            
            
            
            The number and type of immunocompromised hosts
               are constantly increasing for several reasons, including the aging of certain
               populations around the globe; medical advances that have kept persons alive who
               previously would have died of their underlying disease; pandemic infection by the
               human immunodeficiency (HIV), hepatitis B (HBV), and hepatitis C (HCV) viruses;
               homelessness and the resultant lack of basic hygiene and good nutrition; the obesity
               epidemic; tobacco and recreational drug abuse; diminishing access to primary care
               with resultant late diagnosis of diseases; and immigration of persons from
               developing parts of the world where exotic and potentially immunocompromising
               infectious agents are endemic.

            
            
            
            The various host defects that are commonly
               associated with impaired immune resistance can be put into seven general categories.
               These categories, and examples of the more-common specific
                  manifestations that apply to them, are as follows.

            
            
            
            
               
               
               	
                  
                  
                  
                     Defects in the cutaneous
                        barrier to invasion of endogenous (the individual’s own microbial flora)
                        or acquired organisms:
                     

                  
                  
                  
                  
                     
                     	
                        
                        
                        Surgical incisions

                        
                        

                     
                     
                     	
                        
                        
                        Thermal or chemical burns

                        
                        

                     
                     
                     	
                        
                        
                        Traumatic injuries to the
                           skin

                        
                        

                     
                     
                     	
                        
                        
                        Severe dermatological
                           conditions

                        
                        
                        
                        
                           
                           	
                              
                              
                              Poorly controlled
                                 eczema or psoriasis

                              
                              

                           
                           
                           	
                              
                              
                              Scleroderma

                              
                              

                           
                           
                           	
                              
                              
                              Mycosis fungoides

                              
                              

                           
                           
                           	
                              
                              
                              Chronic fungal
                                 infections of the skin or nail beds

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Indwelling intravenous lines,
                           either temporary or long-term

                        
                        

                     
                     
                     	
                        
                        
                        Injections, either
                           legal/medicinal or illicit

                        
                        

                     
                     
                     	
                        
                        
                        Ulcers:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Decubitus

                              
                              

                           
                           
                           	
                              
                              
                              Diabetic

                              
                              

                           
                           
                           	
                              
                              
                              Vascular
                                 insufficiency

                              
                              

                           

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  
                     Mucous membrane barrier
                        defects:
                     

                  
                  
                  
                  
                     
                     	
                        
                        
                        Mucositis induced by
                           irradiation or chemotherapy

                        
                        

                     
                     
                     	
                        
                        
                        Trauma to the head and neck

                        
                        

                     
                     
                     	
                        
                        
                        Smoking (tobacco, recreational
                           drugs)

                        
                        

                     
                     
                     	
                        
                        
                        Inhalation injuries (heat,
                           smoke, caustic chemicals, recreational drugs)

                        
                        

                     
                     
                     	
                        
                        
                        Poor oral hygiene

                        
                        

                     
                     
                     	
                        
                        
                        Erosions from nasogastric or
                           endotracheal tubes or indwelling Foley catheters

                        
                        

                     
                     
                     	
                        
                        
                        Antacids, proton pump
                           inhibitors, etc., which:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Decrease the number of
                                 ingested organisms necessary to cause gastrointestinal
                                 disease, including Clostridioides
                                    difficile

                              
                              

                           
                           
                           	
                              
                              
                              Allow a reservoir of
                                 bacteria to develop in the stomach, which can be
                                 regurgitated and aspirated

                              
                              

                           

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  
                     Conditions that cause
                        obstruction of a natural body passage:
                     

                  
                  
                  
                  
                     
                     	
                        
                        
                        Tumors of the lung,
                           gastrointestinal tract, pancreatic head, elsewhere

                        
                        

                     
                     
                     	
                        
                        
                        Foreign bodies from aspiration,
                           endotracheal tubes

                        
                        

                     
                     
                     	
                        
                        
                        Renal stones, gallstones

                        
                        

                     
                     
                     	
                        
                        
                        Prostatic enlargement

                        
                        

                     
                     
                     	
                        
                        
                        Cystic fibrosis

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  
                     Abnormal number or function of
                        granulocytes:
                     

                  
                  
                  
                  
                     
                     	
                        
                        
                        Leukemia

                        
                        

                     
                     
                     	
                        
                        
                        Chemotherapy for malignant
                           disease

                        
                        

                     
                     
                     	
                        
                        
                        Aplastic anemia

                        
                        

                     
                     
                     	
                        
                        
                        Granulocytopenia as an adverse
                           drug reaction

                        
                        

                     
                     
                     	
                        
                        
                        Dysfunctional granulocytes
                           despite normal numbers

                        
                        
                        
                        
                           
                           	
                              
                              
                              Diabetes mellitus,
                                 especially if poorly controlled

                              
                              

                           
                           
                           	
                              
                              
                              Corticosteroid
                                 administration

                              
                              

                           
                           
                           	
                              
                              
                              Rheumatoid
                                 arthritis

                              
                              

                           
                           
                           	
                              
                              
                              Renal failure

                              
                              

                           
                           
                           	
                              
                              
                              Congenital disorders of
                                 phagocyte function, such as Chediak-Higashi syndrome,
                                 chronic granulomatous disease, hypereosinophilic (Job)
                                 syndrome, and others

                              
                              

                           

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  
                     Abnormalities of cell-mediated
                        immunity:
                     

                  
                  
                  
                  
                     
                     	
                        
                        
                        Bone marrow transplantation

                        
                        

                     
                     
                     	
                        
                        
                        HIV infection

                        
                        

                     
                     
                     	
                        
                        
                        Chemotherapy for malignancy

                        
                        

                     
                     
                     	
                        
                        
                        Tumor necrosis factor
                           inhibitors for rheumatologic disorders and Crohn’s disease

                        
                        

                     
                     
                     	
                        
                        
                        Aging

                        
                        

                     
                     
                     	
                        
                        
                        Hodgkin’s disease,
                           non-Hodgkin’s lymphoma

                        
                        

                     
                     
                     	
                        
                        
                        Corticosteroid
                           administration

                        
                        

                     
                     
                     	
                        
                        
                        Third trimester of
                           pregnancy

                        
                        

                     
                     
                     	
                        
                        
                        Severe malnutrition

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  
                     Abnormalities of humoral
                        immunity:
                     

                  
                  
                  
                  
                     
                     	
                        
                        
                        Bone marrow transplantation

                        
                        

                     
                     
                     	
                        
                        
                        HIV infection

                        
                        

                     
                     
                     	
                        
                        
                        Chronic lymphocytic
                           leukemia

                        
                        

                     
                     
                     	
                        
                        
                        Multiple myeloma and
                           Waldenström macroglobulinemia

                        
                        

                     
                     
                     	
                        
                        
                        Aging

                        
                        

                     
                     
                     	
                        
                        
                        Childhood immunoglobulin
                           deficiencies

                        
                        

                     
                     
                     	
                        
                        
                        Acquired hypogammaglobulinemia
                           (common variable immunodeficiency)

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  
                     Factors that affect immunity
                        in multiple ways:
                     

                  
                  
                  
                  
                     
                     	
                        
                        
                        Aging

                        
                        

                     
                     
                     	
                        
                        
                        Severe trauma

                        
                        

                     
                     
                     	
                        
                        
                        Alcoholism, chemical
                           dependency

                        
                        

                     
                     
                     	
                        
                        
                        Malnutrition

                        
                        

                     
                     
                     	
                        
                        
                        Obesity

                        
                        

                     
                     
                     	
                        
                        
                        Splenectomy

                        
                        

                     
                     
                     	
                        
                        
                        Organ failure (cirrhosis,
                           chronic renal failure with or without hemodialysis)

                        
                        

                     
                     
                     	
                        
                        
                        Spinal cord injury

                        
                        

                     
                     
                     	
                        
                        
                        High-dose corticosteroid
                           administration

                        
                        

                     
                     
                     	
                        
                        
                        Chemotherapy

                        
                        

                     

                  
                  

               
               

            
            
            
            Within the categories above, broad variations in
               immunological function may exist, and the level of immune system function for an
               individual will change over time. As such, the patient’s risk for infection should
               be evaluated by defining their current net state of immunosuppression.

            
            
            
            
               Key Point

               
                  
                  
                  It is important to realize
                     that each of the categories of host defects rarely, if ever,
                     is present alone. The factors all interact to affect the
                     state of immunosuppression. The effects of one factor may
                     magnify the effects of another, or, in some cases, the
                     presence of one factor may make the presence of another more
                     or less likely or make the other factor harder to identify
                     and recognize.

                  
                  

            
            
            
            Exhibit 1-1 shows the major categories of host defects
               and how they lead to the net state of immunosuppression.

            
            
            
            
               Exhibit 1-1: Interacting Host Defects That Affect State of Immunosuppression[image: An illustration of a human figure labeled “Host” with the title “State of immunosuppression.” Go to long description for more details.]
            
               Go to long description.
               

            
            
            
            
            For individuals with fully
               functional immune systems, only a relative handful of pathogens are able to cause
               infection and disease. These are sometimes called true pathogens,
               and examples include commonly known pathogens like influenza, Bacillus anthracis, and Corynebacterium diphtheriae, along
               with those that cause some exotic diseases like viral hemorrhagic fever.

            
            
            
            As
               an individual’s net state of immunosuppression degrades (i.e., as their immune
               system becomes progressively worse due to any present factors), organisms that are
               less virulent are able to become pathogenic. This means that patients with major
               immune defects are subject to a larger number and greater variety of infectious
               diseases. These organisms that tend to become pathogenic only when an individual has
               some level of immunosuppression are sometimes called opportunistic organisms.

            
            
            
            
               Key Point

               
                  
                  
                  True pathogens also
                     cause infections in immunocompromised patients. However, it
                     is important to note that the presentation of these
                     pathogens is often different than would ordinarily be seen
                     in a healthy individual.

                  
                  
                  

            
            
            
            When assessing a patient’s immune status as a
               factor for infection risk, a thorough history and a detailed physical examination
               are essential. This includes:

            
            
            
            
               
               
               	
                  
                  
                  Information about previous infections
                     that may imply specific types of immune dysfunction.

                  
                  

               
               
               
               	
                  
                  
                  A complete listing of all medications,
                     including all over-the-counter medications and any food additives or other
                     “natural” remedies that may be affecting the immune system.

                  
                  

               
               
               
               	
                  
                  
                  Birthplace, geographical areas of residence and extensive travel.

                  
                  

               
               
               
               	
                  
                  
                  Lifestyle information such as pet
                     ownership, hobbies, and recreational activities such as spelunking, hiking and camping,
                     and hunting
                     or fishing.

                  
                  

               
               
               
               	
                  
                  
                  Sexual history, including history of
                     sexually transmitted infections and their treatments.

                  
                  

               
               
               
               	
                  
                  
                  History of drug use, including quantity
                     of alcohol consumption; use of oral, inhaled, or injectable illicit
                     substances; and misuse of prescription drugs.

                  
                  

               
               
               
               	
                  
                  
                  A meticulous systems review and
                     physical examination.

                  
                  

               
               
               
               	
                  
                  
                  Routine lab work data, including
                     complete blood counts with differential and chemistry panels including
                     measurement of liver enzymes, renal function, and electrolytes.

                  
                  

               
               
               
               	
                  
                  
                  Nutritional status as described by body
                     mass index along with other factors such as serum albumin, transferrin, and
                     total lymphocyte count.

                  
                  

               
               
               
               	
                  
                  
                  Extensive travel and exposure history, including such questions as where
                     traveled, what activities were included, and whether the patient has been in a healthcare
                     facility outside of the country.

                  
                  

               
               

            
            
            
            Depending on the clinical
               environment that a patient is seen in, all of the data listed above may not be
               available, may take time to gather (for example, lab test results), and/or may not
               be able to be communicated by the patient to healthcare professionals. It is
               important to be as thorough as possible given the situation and to gather as
               complete a picture as possible, potentially using information from family or persons
               accompanying the patient when necessary. Even a few known immunocompromization
               factors can help indicate an initial immunocompromization status for a patient that
               can be helpful when assessing risk factors at play with regard to infection.

            
            

         
         
         
         
   
      
         
         
         
         Section B: Local and Global Health Factors

         
         
         
         
            
            
            Local and global health factors include
               public health organizations, nongovernmental entities, and a complex web of laws,
               regulations, and guidance.

            
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Relay the importance of staying current on
                     local and global health trends and threats.

                  
                  

               
               
               
               	
                  
                  
                  Describe the various entities that affect
                     the healthcare environment, including international public health
                     organizations, nongovernmental organizations, and governmental entities, and
                     the ways in which they interact with each other and affect healthcare
                     facility operations.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Public Health
            Organizations

         
         
         
         
            
            
            
            Infection prevention and public health share a common
               emphasis on disease prevention. Both aim interventions at the environment, human
               behavior, and medical care. They benefit from ongoing collaborative relationships
               at
               local, state, federal, and global levels. Working together at the local level,
               infection prevention and public health can provide seamless support for patients
               with communicable diseases, such as pulmonary tuberculosis, as they move across the
               care continuum.

            
            
            
            To start, let’s define public health. It
               can be defined as the practice of preventing disease and promoting good health
               within groups of people, from small communities to entire countries.

            
            
            
            
               Key Point

               
                  
                  
                  In addition to public health entities’
                     historical mission of preventing acute disease and promoting health, modern
                     public health may be described as organized efforts to protect and promote human
                     and environmental health, prevent communicable and chronic diseases, and improve
                     health and access to health services for persons with limited resources.
                     Implicit are additional focuses on food safety, oral health, and, given the global
                     nature of diseases,
                     community-based control measures.

                  
                  

            
            
            
            Key to understanding the role of
               public health organizations is a set of core public health concepts and practices,
               including basic public health prevention services, prevention, notifiable disease
               reporting, public
               health surveillance and investigations, and emerging infectious disease threat
               oversight and leadership. Let’s examine these in a little more detail.

            
            
            
            
               
               
               	
                  
                  
                  Public health activities and services.
                     Examples of these activities include but are not limited to:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Vaccination programs.

                        
                        

                     
                     
                     	
                        
                        
                        Human immunodeficiency
                           virus/acquired immune deficiency syndrome (HIV/AIDS) counseling and
                           testing.

                        
                        

                     
                     
                     	
                        
                        
                        Public health community
                           guidance and education.

                        
                        

                     
                     
                     	
                        
                        
                        Outbreak investigations and
                           case follow-up.

                        
                        

                     
                     
                     	
                        
                        
                        Tuberculosis and sexually
                           transmitted infection treatment.

                        
                        

                     
                     
                     	
                        
                        
                        Bioterrorism, emergency, and
                           pandemic preparedness leadership and response.

                        
                        

                     
                     
                     	
                        
                        
                        Clinic health services for
                           uninsured or underinsured individuals.

                        
                        

                     
                     
                     	
                        
                        
                        Public health nurse and school
                           nurse services.

                        
                        

                     
                     
                     	
                        
                        
                        Additional non-medical services
                           such as:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Environmental testing
                                 of surface and well water.

                              
                              

                           
                           
                           	
                              
                              
                              Inspection and
                                 monitoring of restaurants.

                              
                              

                           

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Prevention. Many prevention efforts are
                     targeted at specific populations or subpopulations, such as specific age
                     groups, at-risk or behavior-associated groups, or persons with the same
                     chronic disease such as diabetics. These efforts may focus
                        on avoiding disease entirely, detecting existing problems or conditions
                        before serious or long-term issues arise, and/or limiting or reducing
                        the negative effects of a condition.

                  
                  

               
               
               
               	
                  
                  
                  Notifiable diseases and reporting.
                     Notifiable, or reportable, infectious diseases are generally those that are
                     of public interest due to contagiousness, severity, or frequency. Whether
                     reporting is required or not depends on the specifics of the organism and
                     associated requirements from authoritative entities. Infection preventionists (IPs) must be familiar with these
                        requirements.

                  
                  
                  
                  Public health takes
                     information on these diseases and launches investigations and/or shares
                     reports with the public.

                  
                  

               
               
               
               	
                  
                  
                  Public health surveillance and
                        investigation. The specifics of the reporting of notifiable diseases
                     create the framework for public health’s surveillance system. For the IP,
                     knowing local and state/territory/region infectious disease rates and trends
                     is necessary for ongoing comparisons during review of microbiological and
                     other laboratory reports.

                  
                  
                  
                  Public health typically offers
                     consultation on cluster and outbreak investigation. Any
                        outbreak of disease that is a potential and serious threat to the
                        general public should be reported, even if the specific disease is not
                        listed as a notifiable disease. Particularly when outbreaks persist or
                        overwhelm a facility’s infection prevention resources, public health at
                        the local or state/territory/region level may provide needed assistance
                        or support, including laboratory services.

                  
                  

               
               
               
               	
                  
                  
                  Emerging infectious disease oversight and leadership. As
                        evidenced by the COVID-19 pandemic, the ability to detect and contain
                        new diseases is crucial. The potential and actual need to contain
                     infectious individuals and quarantine exposed individuals has generally led
                     to change in public health laws and authorities and an increased leadership
                     role for public health organizations across the globe. Additionally, the increased use of an all-hazards approach to emergency
                        preparedness has led to alliances between emergency preparedness
                        services, healthcare facilities, and community businesses.

                  
                  
                  
                  Importantly, public health
                     organizations can provide the infrastructure and legal authority that
                     healthcare facilities need to gain the cooperation of the general public to
                     halt or slow the transmission of disease and mitigate outcomes associated
                     with disease in the community at large.

                  
                  

               
               

            
            
            
            As you can see, public health organizations
               impact and partner with healthcare facilities at the global, national,
               state/territory, and local levels. These organizations are numerous and are of the
               utmost importance to the facilities and IPs in the areas under their influence.
               However, as each country, state/territory, or locality functions differently, we will introduce only two main entities with global influence:

            
            
            
            
               
               
               	
                  
                  
                  The World Health Organization (WHO),
                     which functions under the United Nations umbrella and collects information
                     on a number of infectious diseases from countries.

                  
                  

               
               
               
               	
                  
                  
                  The Centers for Disease Control and
                     Prevention (CDC), a federal entity in the United States, whose guidance and
                     recommendations are well known and followed across the globe.

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            World Health Organization

            
            
            
            
               
               
               
               The website of the WHO describes the
                  organization’s role:

               
               
               
               
                  
                  The World Health Organization leads and
                     champions global efforts to achieve better health for all. By connecting
                     countries, people and partners, we strive to give everyone, everywhere an equal
                     chance at a safe and healthy life.

                  
                  From emerging epidemics such as COVID-19
                     and Zika to the persistent threat of communicable diseases including HIV,
                     malaria and tuberculosis and chronic diseases such as diabetes, heart disease
                     and cancer, we bring together 194 countries and work on the frontlines in 150+
                     locations to confront the biggest health challenges of our time and measurably
                     advance the well-being of the world’s people.

                  

               
               
               
               WHO does not issue anything that requires legal
                  compliance. However, it represents a valuable resource for health worldwide,
                  especially with regard to global health concerns.

               
               

            
            

         
         
         
         
         
            
            
            Centers for Disease Control and Prevention

            
            
            
            
               
               
               
                The CDC works to promote health, prevent disease, injury, and
                  disability, and prepare for new and emerging health threats. The CDC seeks to
                  accomplish this by working with partners throughout the nation and the world to
                  monitor health, detect and investigate health problems, conduct research to enhance
                  prevention, develop and advocate sound public health policies, implement prevention
                  strategies, promote healthy behaviors, foster safe and healthful environments, and
                  provide leadership and training.

               
               
               
               
               The CDC publishes a vast array of recommendations and
                  guidelines related to infection prevention and control, as well as most other issues
                  related to disease and healthcare. To guide IPs and other healthcare professionals
                  who need to implement their recommendations, the CDC’s Healthcare Infection Control
                  Practices Advisory Committee (HICPAC) has developed a system of categorization for
                  each recommendation, based on existing scientific data, theoretical rationale,
                  applicability, and sometimes economic impact. The CDC/HICPAC recommendation
                  categories are shown in Exhibit 1-2.

               
               
               
               
                  Exhibit 1-2: CDC/HICPAC Recommendation Categories
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Category
                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Details
                                       

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    IA

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Strongly
                                             recommended for implementation.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Strongly
                                             supported by well-designed experimental, clinical,
                                             or epidemiologic studies.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    IB

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Strongly
                                             recommended for implementation.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Supported by
                                             some experimental, clinical, or epidemiologic
                                             studies and strong theoretical rationale.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    IC

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Required for
                                             implementation.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Mandated by
                                             federal and/or state regulation or standard.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    II

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Suggested for
                                             implementation.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Supported by
                                             suggestive clinical or epidemiologic studies or
                                             theoretical rationale.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               
               
               There are times when an IP may come across
                  something included in the guidelines that is categorized as “no recommendation.”
                  This refers to an as-yet-unresolved issue and practices for which there remains
                  insufficient evidence or no consensus regarding efficacy.

               
               
               
               The CDC has a number of important advisory
                  committees. We’ve already mentioned HICPAC, which publishes infection prevention
                  guidelines that are applied to appropriate settings. Although many consider their
                  recommendations to be “standard setting,” the recommendations are not regulatory nor
                  are they enforced as regulatory standards. However, many accrediting agencies base
                  their enforcement activity on these gold standard guidelines. Other advisory
                  committees important to infection prevention and control programs are the Advisory
                  Council for the Elimination of Tuberculosis (ACET), which is closely related to
                  tuberculosis prevention guidelines, the National Institute for Occupational Safety
                  and Health (NIOSH), which is responsible for the testing and approval of all
                  respirators used in the United States in occupational settings, and the Advisory
                  Committee on Immunization Practices (ACIP), which issues guidance on vaccines.

               
               

            
            

         
         
   
      
         
         
         
         Nongovernmental
            Entities

         
         
         
         
            
            
            Note that there are several additional
               sources of guidance (and/or requirements that may be required to follow by law) that
               affect the healthcare facility environment. 

            
            

         
         
         
         
         
            
            
            Accreditation Agencies 

            
            
            
            
               
               
               A number of accreditation agencies have considerable effect
                  on healthcare organizations, and the resulting certifications have implications for
                  both marketing and reimbursement of funding, if accreditation or “deemed status” is
                  at stake and funding from governmental agencies is tied to an accreditation.

               
               
               
               Examples of accreditation agencies include, but
                  are not limited to: 

               
               
               
               
                  
                  
                  	
                     
                     
                     The Joint Commission

                     
                     

                  
                  
                  
                  	
                     
                     
                     The American Osteopathic Association

                     
                     

                  
                  
                  
                  	
                     
                     
                     The College of American Pathologists.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Clinical Practice Guidelines 

            
            
            
            
               
               
               Efforts to contain costs have heightened
                  consumer desire for information about healthcare quality and value. Purchasers
                  of healthcare demand information about providers and the care delivered compared
                  to accepted clinical practice guidelines and standards.

               
               
               
               Examples of organizations that publish
                  clinical practice guidelines are the American College of Physicians (ACP), who
                  publish the ACP Practice
                     Guidelines; the Society for Healthcare Epidemiology of America (SHEA), and the Infectious Diseases
                  Society of America (IDSA).

               
               

            
            

         
         
         
         
            
            
            Consumer Resources

            
            
            
            
               
               
               Consumer demand and purchaser pressure for accountability
                  related to healthcare costs has led to increased frequency of public reporting of
                  outcome measurements. In addition, many states have passed legislation making
                  hospital performance and infection prevention outcomes data publicly available.

               
               

            
            

         
         
         
         
            
            
            Professional and Trade Organizations 

            
            
            
            
               
               
               Numerous healthcare professional and trade associations
                  have influenced infection prevention and control programs with the development of
                  guidelines and standards on various aspects of infection prevention practice.
                  Although these groups are voluntary, they often become the standard of practice for
                  governmental and accreditation bodies. Several organizations have also published
                  journals dedicated to hospital epidemiology and infection prevention practice to
                  provide a forum for the exchange of scientific and professional information.

               
               
               
               For example, APIC provides published guidelines and
                  resources as well as online resources to
                  use in inquiring about or researching existing standards and practices. APIC also
                  maintains a Practice Guidance Committee whose members act as formal, active liaisons
                  to multiple professional organizations with overlapping interests leading to joint
                  collaborations on common issues.

               
               
               
               As an example of how professional and trade
                  organizations may interact with regulatory bodies, it is worth noting that APIC has
                  played an important role in the enactment of regulations by United States federal
                  agencies, including in several aspects of tuberculosis enforcement issues by the
                  Occupational Safety and Health Administration (OSHA). Advocacy such as this is just
                  one of the ways in which organizations may work together to affect the healthcare
                  environment.

               
               
               
               

               
               

            
            

         
         
         
         
         
            
            
            Manufacturers’ Recommendations for Use

            
            
            
            
               
               
               Manufacturers provide recommendations for the
                  use of their products in most cases. Unless these recommendations conflict with
                  laws, regulations, or professional medical guidance, they should be followed for
                  the best results and/or longest use for the given product.

               
               

            
            

         
         
   
      
         
         
         
         Laws and Regulations versus
            Guidelines

         
         
         
         
            
            
            
            Terminology in the area of laws, regulations, and guidelines is
               important. Laws and regulations must be followed, or severe penalties may be
               imposed. Laws are passed by the lawmaking body of the
                  national or state/province entity such as a legislature or parliament (or by the
                  lawmaking body of a city).  An example of a law is the Health Information
               Portability and Accountability Act (HIPAA) in the U.S. Laws may directly set out
               requirements that must be followed by a given person or facility, or they may
               provide authority to a regulatory agency (which issue regulations). An example of
               a
               regulation is the Occupational Safety and Health Administration’s Bloodborne
               Pathogen Standard in the U.S.

            
            
            
            In countries where
                  regulatory agencies exist in addition to lawmaking bodies, such as the United
                  States, the agencies cannot issue
               regulations that override statutory law passed by an
                  act of legislation. However,
                  when agencies issue regulations, the
               regulations carry the weight of law, and compliance with them is mandatory.

            
            
            
            Guidelines are framed as recommendations, and
               they are written to provide practice guidance. These typically are based on expert
               consensus and the most current, best scientific evidence. Best practice is to follow
               guidelines, although they are not enforceable via legal penalties (unless they are
               adopted formally by a different law or rulemaking body). Organizations
                  such as the WHO and CDC publish extensive guidelines on a number of
                  healthcare-related topics, including infection prevention and control, for
                  example, guidelines on cleaning and disinfecting facilities, vaccine
                  recommendations, use of personal protective equipment (PPE), and antimicrobial
                  stewardship.

            
            
            
            
               Key Point

               
                  
                  
                  As evidenced by the
                     above, laws and regulations form a complex web that is continually changing and
                     manifests differently depending on the specific location of a facility. The IP should
                     know/monitor changes to the laws
                     and regulations that impact their IPC program and assess compliance on an
                     ongoing basis. But beyond that, memorizing the details of the ever-changing
                     environment is likely impossible. However, the following information is helpful
                     to know:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Which
                           agencies regulate your facility

                        
                        

                     
                     
                     	
                        
                        
                        The
                           reportable illness list for your facility

                        
                        

                     
                     
                     	
                        
                        
                        Local
                           health department officials 

                        
                        

                     
                     
                     	
                        
                        
                        Outbreak
                           and other reporting requirements

                        
                        

                     
                     
                     	
                        
                        
                        How to get
                           information from health departments

                        
                        

                     

                  
                  

            
            

         
         
         
         
         
            
            
            Regulatory Levels of Authority

            
            
            
            
               
               
               
               Typically, the highest level of regulatory authority
                  stems from the national government. In some circumstances, international bodies such
                  as the European Union may have some regulatory power that supersedes that of
                  national bodies. More frequently, however, international bodies
                     provide guidance and support to national governments and other lower-level
                     regulatory bodies.

               
               
               
               State or province and local (typically
                  city) regulations comprise the lower authority levels from which regulations may
                  arise. Often, states and provinces have departments that parallel the functions
                     of the federal agencies. The organizational structures vary by name and grouping
                     of functions or programs; linkage to national programs occurs frequently through
                     funding or regulatory requirements.

               
               
               
               In many places such as the United States, local
                  regulations may not override state regulations and state regulations may not
                  override federal regulations. However, lower-level authorities may expand upon
                  regulations issued by a higher authority or issue regulations in areas that
                  higher-level authorities have declined to regulate (in situations
                     where the sole regulatory power has not been granted to the higher
                     institution). Note that in some circumstances, lower-level authorities may
                  be restricted from issuing regulations on a given subject by the higher-level
                  authority.

               
               
               
               

               
               
               
               
               

               
               

            
            

         
         
         
   
      
         
         
         
         Section C: Detecting, Identifying, and Responding to
            Disease

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Describe the basic concepts associated
                     with bacteria, viruses, fungi, and parasites.

                  
                  

               
               

            
            
            
            This section begins with a discussion of basic
               microbiology, including specific discussions of bacteria, viruses, fungi, and
               parasites. 

            
            

         
         
         
         
   
      
         
         
         
         Bacteria

         
         
         
         
            
            
            
            Bacteria
               are free-living, single-celled organisms that multiply through chromosomal
               replication and cellular division. They are everywhere. Some are helpful and some
               are harmful. They normally live benignly in and on the human body, and only a small
               fraction of the thousands of identified species are known to cause human disease.
               Bacteria are referred to as a colony when occurring in a group.

            
            
            
            There is no single agreed-upon classification
               methodology or taxonomy definition for bacteria.

            
            
            
            One classification scheme has
               17 groups of bacteria based on RNA sequencing. All of these groups have a
               “prokaryotic” cell structure that does not have a visible nucleus, membranous
               nuclear envelope, or membrane-bound internal structure such as mitochondria. This
               classification type may be called genotypic; other genotypic classifications may
               look at DNA in addition to RNA.

            
            
            
            Another  commonly used classification is known as phenotypic, and
               it includes both morphological and chemical properties. An important phenotypic
               criterion commonly used in healthcare settings is the Gram stain characteristic;
               bacteria may be classified as Gram-positive or Gram-negative. Knowing the difference
               between
               Gram-positive and Gram-negative is particularly important with reference to
               interpreting laboratory results and understanding the bacteria common to healthcare
               facilities. Results from other stains, such as acid-fast, may also be used to
               describe bacteria. Other characteristics may include morphological features or other
               cell and chemical properties.

            
            
            
            Despite the lack of a species definition, bacteria
               are categorized in a format similar to the taxonomy of other microbes, using the
               genus and species. The genus is capitalized and italicized; the species is lower
               case and italicized. For example, the full scientific name for the commonly
               encountered E. coli is Escherichia coli; Escherichia is the genus and coli is the species.
               Understanding which bacteria are related by identification of shared genus will help
               you remember which share similar characteristics.

            
            

         
         
         
         
         
            
            
            Size and Reproduction

            
            
            
            
               
               
               
               Bacteria are small, with most ranging from 0.2 to 2.0
                  micrometers in diameter and 2 to 8 micrometers in length (although larger species
                  do
                  exist), as illustrated in Exhibit 1-3. This
                  has implications associated with many IP concerns, such as mask rating and
                  effectiveness, air filtration, and cleaning and sanitation. For example, an almost
                  invisible crack in medical devices and/or equipment can harbor bacteria and
                  potentially serve as a transmission source. An IP who understands this will be able
                  to more effectively convince hospital staff of the need for effective cleaning and
                  disinfection procedures.

               
               
               
               
                  Exhibit 1-3: Bacteria Size Compared to Human Cell Size[image: An illustration comparing the relative sizes of various bacteria and a human cell (neutrophil), labeled with dimensions in micrometers. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Bacteria normally reproduce
                  by binary fission, with one cell dividing into two cells. The rate of division can
                  vary from slow (every 12 to 24 hours) to rapid (as quickly as 20 to 30 minutes under
                  ideal conditions). Due to the replication of chromosomal DNA during this process,
                  the two resulting cells are essentially identical to the parent cell. Mutated cells
                  that occur as a result of random mistakes during DNA replication may result in
                  different cells from one generation to the next; this difference may also result
                  from the transfer of genes from other bacteria.

               
               

            
            

         
         
         
         
            
            
            Cell Structure, Shape, and Growth Characteristics

            
            
            
            
               
               
               
               The bacterial cell contains several components: the
                  deoxyribonucleic acid (DNA) molecule, ribosomes, the membrane, and the cell wall.
                  Some bacteria may have additional components such as an outer membrane, a capsule,
                  flagella, pili, plasmids, or endospores.

               
               
               
               From an IP perspective, there are a few key
                  concepts to understand about the cell wall in particular.

               
               
               
               The cell wall may be described as Gram-positive or
                  Gram-negative, and this is important to classification, detection, and mitigation
                  efforts.

               
               
               
               Chemical substances that
                  surround cells are known as glycocalyx. If the
                  glycocalyx is organized and firmly attached to the cell wall, it is referred to as
                  a
                  capsule; these may contribute to bacterial virulence and
                  may offer protection from phagocytosis. If the glycocalyx is unorganized and only
                  loosely attached to the cell wall, it is called a slime layer.

               
               
               
               Virulence is
                  the measure of a microbe’s ability to invade and create disease in a host, and it
                  may be increased by a variety of characteristics: those that increase the
                  transmissibility of an organism, those that enhance the organism’s ability to
                  survive in an external environment, and those that make an organism more efficient
                  at invading host cells and subsequently disseminating within a host.

               
               
               
               In most Gram-positive
                     bacteria, the cell wall
                  consists of many layers of peptidoglycan, forming a thick rigid structure. By
                  contrast, Gram-negative bacteria feature cell
                  walls that contain only one (or very
                  few) layers of peptidoglycan. Gram-negative cells possess an outer membrane that is
                  composed of lipoproteins, lipopolysaccharides, and phospholipids. This outer
                  membrane helps some organisms evade phagocytosis, provides a barrier to certain
                  antibiotics, and confers properties of virulence (endotoxins).

               
               

            
            
            
            
               
               
               Bacteria Cell Shape and Organization

               
               
               
               
                  
                  
                  
                  There are many shapes and organization patterns
                     among bacteria. Basic shapes include spherical coccus or cocci, rod-shaped bacillus
                     or bacilli, and spiral.

                  
                  
                  
                  Cocci tend to be round but may be irregularly
                     shaped. They are usually described as single or in pairs (diplococci), chains
                     (streptococci), or clusters (staphylococci). Most bacilli appear as single rods and
                     are fairly uniform in shape. However, some are oval and look so much like cocci that
                     they are called coccobacilli. If they’re seen in pairs, they’re identified as
                     diplobacilli. Spiral bacteria have one or more twists and may be curved (vibrios),
                     corkscrews (spirilla), or helical (spirochetes). These common shapes and
                     organizations are depicted in Exhibit 1-4.

                  
                  
                  
                  
                     Exhibit 1-4: Common Shapes and Organizations of Bacteria[image: A chart showing bacterial shapes and arrangements grouped into three categories: Coccus, Rod, and Spiral. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Note that while reports
                           that include accurate and precise diagnostic identification
                           may be available through culture testing, the IP or the
                           facility may receive an initial test result indicating
                           whether a tested bacteria is Gram-positive or Gram-negative
                           and what the shape and organization of the bacteria is
                           before final diagnostic identification through culture
                           testing is available. With some commonly encountered
                           bacteria, preventive action may be necessary in the time
                           period between when the initial Gram stain
                              results and the culture testing results are available,
                           making knowledge of the specific characteristics of those
                           organisms important.

                        
                        

                  
                  

               
               

            
            
            
            
               
               
               Bacterial Toxins

               
               
               
               
                  
                  
                  
                  Bacterial toxins can greatly increase the virulence of
                     pathogens. They are classified as either exotoxins or endotoxins. 

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           
                              Exotoxins
                              
                           are secreted
                              by bacteria, mainly those that are Gram-positive. Exotoxins are often
                              heat-inactivated, are neutralized by specific antibodies, and possess
                              enzymatic activity. Examples of exotoxin-producing organisms include C. difficile and S. aureus.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              Endotoxins
                              
                           are surface
                              components (complexes of bacterial proteins, lipids, and polysaccharides
                              remaining firmly in the bacteria) of Gram-negative bacteria. They resist
                              inactivation by heat, are partially neutralized by antibodies, and
                              interact with host systems. These interactions may result in cascades of
                              responses that induce fever, swelling, vascular leaking, pain, and
                              shock. Examples of endotoxin-producing organisms include E. coli and Salmonella.
                           

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Condition-Specific Bacterial Forms and Structures

               
               
               
               
                  
                  
                  
                  Some bacteria are able to respond to certain
                     environmental conditions in a manner that increases the bacteria’s ability to
                     survive the condition.

                  
                  
                  
                  When essential nutrients are depleted, certain
                     Gram-positive bacteria form structures known as endospores.
                     Endospores are composed of nuclear material and protein.
                        They are remarkable for their ability to survive in water heated to above
                     boiling, extreme drying, and exposure to some toxic chemicals. When growth conditions permit, the endospore transforms into more typical
                        bacteria known as the vegetative form.

                  
                  
                  
                  Bacteria may also form a biofilm, which is the preferred
                     method of growth for many microorganisms (contrasted to free-floating, called
                     planktonic). Biofilms are
                     attached, architecturally defined, three-dimensional environments that may contain
                     either single or multiple species of microorganisms. Mixed biofilms may contain
                     normal flora and commensal organisms. Because biofilms are
                        structured and have characteristics that are determined by their component
                        microorganisms, each is unique.

                  
                  
                  
                  Due to their nature, biofilms are associated
                     with chronic infections; they are notorious for attaching to the
                        inside of lumens (such as urinary catheter tubing), to central line tubing, and
                        to the lumens of endoscopes. They result in unique characteristics for the
                     involved microbes (in contrast to when free-floating), such as higher organism
                     concentration, loss of antibiotic susceptibility, enhanced virulence, and altered
                     cellular expression.

                  
                  
                  
                  
                     The uniqueness of each
                        biofilm and the other characteristics make them difficult to detect
                     ; they are commonly produced by Staphylococcus species, E. coli, Klebsiella pneumoniae, Enterococcus faecalis, and Pseudomonas aeruginosa.
                     

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Biofilms occur naturally in many areas of
                           interest for healthcare facilities, such as drinking water lines and urban water
                           systems. They occur naturally in the human body, such as in the mouth or the
                           bladder. They are also commonly associated with implanted and other medical
                           devices, which may result in healthcare-associated infections (HAIs). As a
                           result, biofilm control is crucial in healthcare environments.

                        
                        

                  
                  

               
               

            
            

         
         
         
         
            
            
            Common Grouping Criteria

            
            
            
            
               
               
               
               As referenced earlier, there are multiple
                  methods for classifying bacteria. In order to more easily narrow down
                  potential bacteria based on lab results, it is common to start with whether
                  they are Gram-positive or Gram-negative. From there a variety of
                  characteristics can be used to group bacteria, including the following.

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        Oxygen
                           utilization:
                        

                     
                     
                     
                     
                        
                        	
                           
                           
                           Aerobic
                                 bacteria, which
                              refers to bacteria that have an absolute requirement for
                              oxygen; without it, they do not grow.

                           
                           

                        
                        
                        	
                           
                           
                           Facultative
                                 anaerobes,
                              which refers to bacteria that can use oxygen if it is
                              present but can grow without it.

                           
                           

                        
                        
                        	
                           
                           
                           Obligate
                                 anaerobes,
                              which refers to bacteria that grow only in the complete or
                              nearly complete absence of oxygen and are inhibited or
                              killed by oxygen.

                           
                           

                        
                        
                        	
                           
                           
                           Microaerophilic
                                 bacteria, which
                              refers to bacteria that require 2 to 10% of the normal
                              atmospheric concentration (21%). They may also require
                              increased carbon dioxide concentrations.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Typical infection
                           location:
                        

                     
                     
                     
                     
                        
                        	
                           
                           
                           Enteric
                                 bacteria, which
                              refers to bacteria that typically are found in the
                              gastrointestinal tract.

                           
                           

                        
                        
                        	
                           
                           
                           Non-enteric
                                 bacteria, which
                              refers to bacteria that typically are found outside the
                              gastrointestinal tract. They are frequently opportunistic
                              and found in the environment (e.g., soil and water).

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Morphological
                           features:
                        

                     
                     
                     
                     
                        
                        	
                           
                           
                           Shape

                           
                           

                        
                        
                        	
                           
                           
                           Organization

                           
                           

                        
                        
                        	
                           
                           
                           Ability to form
                              endospores

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Enzyme production:
                        

                     
                     
                     
                     
                        
                        	
                           
                           
                           Catalase, which
                              catalyzes the
                              decomposition of hydrogen peroxide to water and oxygen.

                           
                           

                        
                        
                        	
                           
                           
                           Coagulase, which causes
                              blood to coagulate.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Other criteria:
                        

                     
                     
                     
                     
                        
                        	
                           
                           
                           Toxin production

                           
                           

                        
                        
                        	
                           
                           
                           Hemolysis on blood
                              agar

                           
                           

                        
                        
                        	
                           
                           
                           Sugar fermentation

                           
                           

                        
                        
                        	
                           
                           
                           Gas production

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Viruses

         
         
         
         
            
            
            
            Viruses are obligate intracellular parasites that require living
               host cells to grow and reproduce and are dependent on the cells’ synthetic and
               metabolic machinery. Infections caused by viruses may be acute or chronic, they
               may be recurrent, and they may elicit lifelong immunity.

            
            
            
            Viruses are not considered to be cells, so they are not classified as eukaryotes or prokaryotes as bacteria are.
               Intact viral particles, called virions, are made up
               of nucleic acid (either ribonucleic acid [RNA] or deoxyribonucleic acid [DNA]), a
               protein coat (capsid), and possibly an envelope composed of viral proteins and host
               cell lipids. Virions are taken in by living host cells, where they modify the cell
               metabolism to produce a new nucleic acid and protein coat. The virus particles are
               assembled and released by the cell to invade other host cells. The release process
               may cause host cell damage that leads to pathology and signs and symptoms of
               infection. Some viruses lie dormant in the host cell for months or years. After this
               latent period, the virus forms new virus particles and damages the host cell.

            
            

         
         
         
         
         
            
            
            Size and Reproduction

            
            
            
            
               
               
               
               Viruses are too small to be seen with a light
                  microscope (therefore they are sometimes said to be ultramicroscopic), although they
                  may be visualized with an electron microscope. They generally range in size from 20
                  to 400 nanometers (0.02 to 0.4 micrometers), as seen in Exhibit 1-5. This
                  means that only the largest viruses approach the same size as the smallest
                  bacteria.

               
               
               
               
                  Exhibit 1-5: Virus Size Comparison[image: An illustration comparing the sizes of various viruses to a human neutrophil cell. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Viruses reproduce through the spread of
                  virions. Virions are inert and do not grow or multiply until they enter a living
                  cell.

               
               

            
            

         
         
         
         
            
            
            Classification and Taxonomy

            
            
            
            
               
               
               
               The nomenclature of viral agents is more
                  confusing and less standardized than that of bacteria, fungi, and parasites. Instead
                  of genus and species names, viruses are often referred to by “common names” derived
                  from the organ system involved (e.g., hand, foot, and mouth disease), the disease
                  produced (e.g., hepatitis virus), or the location in which the disease was first
                  seen (e.g., Norwalk
                     virus). The taxonomy of viruses is generally based on the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Whether the virus contains DNA or
                        RNA

                     
                     

                  
                  
                  
                  	
                     
                     
                     Whether the virus is single- or
                        double-stranded

                     
                     

                  
                  
                  
                  	
                     
                     
                     Size and shape of the virus

                     
                     

                  
                  
                  
                  	
                     
                     
                     Structure of the protein coat

                     
                     

                  
                  
                  
                  	
                     
                     
                     Presence or absence of an
                        envelope

                     
                     

                  
                  
                  
                  	
                     
                     
                     Mode of replication

                     
                     

                  
                  

               
               
               
               
                  Key Point

                  
                     
                     
                     Whether a virus
                        has an envelope is important for cleaning, among other
                        things. For example, alcohol (used in hand rubs and some
                        cleaning solutions) has little effect against
                        non-enveloped viruses; however, at proper
                        concentrations, alcohol will kill most enveloped
                        viruses.

                     
                     

               
               

            
            

         
         
         
         
            
            
            Prions

            
            
            
            
               
               
               
               One class of microbe commonly discussed
                  along with viruses is prions, although they are distinct from viruses in a
                  few key ways. Prions can
                  be described as infectious particles of abnormally folded proteins that do
                  not contain DNA or RNA. They are associated with spongiform
                  encephalopathies, which are rare neurodegenerative disorders (such as
                  Creutzfeldt-Jakob disease, or CJD) that have incubation periods of months to
                  years.

               
               
               
               These can be transmitted in several ways:
                  contact with infected human tissues, use of contaminated devices and
                  surgical equipment, or through ingestion of contaminated neurologic tissue
                  of animals. Prion diseases progress rapidly and are fatal.

               
               
               
               
                  Key Point

                  
                     
                     
                     Although prion
                        diseases are rare, the effects they cause are stark and thus they are worthy of
                        attention. Perhaps the most important thing to remember with regard to prions is
                        that they are difficult to neutralize. Normal sterilization procedures are
                        typically insufficient; special care and alternative handling protocols are
                        necessary when using instruments on patients suspected of a prion disease.

                     
                     

               
               

            
            

         
         
   
      
         
         
         
         Fungi

         
         
         
         
            
            
            
            The term fungus refers generically to all members of the kingdom fungi. Fungi
               are widely distributed in nature. Of the more than 100,000 species of fungi,
               fewer than 500 are known to cause disease or infections in humans and other
               animals, and fewer than 50 have been identified as causing infections in healthy
               persons. However, fungi are common causes of infection in individuals with
               altered immune systems. Mycology is the study of fungi. Mycosis refers to infections or diseases caused
               by fungi.

            
            
            
            Fungi have a nucleus that is distinctly
               visible under a microscope, and that nucleus is surrounded by a nuclear
               envelope. Fungi derive nutrients from organic materials. Most are accidental
               pathogens that humans acquire through contact with decaying organic matter or
               airborne spores in the environment.

            
            
            
            The two broad groups
               of fungi are yeasts and molds, based on the macroscopic appearance of the colonies
               formed. Yeasts are unicellular, round
               to oval organisms ranging in size from 2 to 60 millimeters. They reproduce by
               budding and the production of spores and produce moist, creamy, opaque, or pasty
               colonies. Some molds reproduce by elongation and fragmentation of
               their hyphae (or pseudohyphae), which are tube-like projections. They produce
               fluffy, cottony, wooly, or powdery colonies. Other molds reproduce sexually and
               asexually by the formation of spores.  Several pathogenic
               species of fungi can
               grow as both yeast and mold; they are referred to as dimorphic, meaning two forms
               of
               growth. 

            
            
            
            Common examples of yeasts, molds, and fungi include the
               following.

            
            
            
            
               
               
               	
                  
                  
                  Yeast: Candida species, Cryptococcus species. Candida albicans, as seen under a
                     microscope when stained using fluorescent antibody techniques, is shown in
                     Exhibit 1-6. Note the clear presence of budding cells in the image.

                  
                  
                  
                  
                     Exhibit 1-6: Candida albicans using Fluorescent
                        Antibody Staining[image: Fluorescence microscopy image of Candida albicans showing bright green, oval yeast cells against a black background. Cells are clustered, with several displaying budding, a typical sign of yeast reproduction.]
                  
                     Source: CDC
                     

                  
                  
                  
                  

               
               
               
               	
                  
                  
                  Mold: Aspergillus species, Penicillium species. Aspergillus, as seen under a microscope,
                     is shown in Exhibit 1-7.

                  
                  
                  
                  
                     Exhibit 1-7: NoneAspergillus[image: Microscopic image of Aspergillus. The image shows hyphae—long, branching filamentous structures—and round, spore-producing heads stained red.]
                  
                     Source: Centers for Disease Control
                     

                  
                  
                  
                  

               
               
               
               	
                  
                  
                  Dimorphic: Histoplasma species, Coccidioides species

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Major Categories of Mycosis

            
            
            
            
               
               
               
               Significant species include multiple types
                  of yeasts and molds (mildews, rusts, and smuts). Clinically significant
                  fungi require treatment by anti-infective drugs—specifically, antifungals.
                  Antibacterial drugs are not effective in the treatment of fungal
                  infections.

               
               
               
               The four major categories of mycosis are
                  as follows.

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Superficial or cutaneous.
                           
                        Infections or
                           diseases that involve hair, skin, or nails without direct invasion of
                           deeper tissues. This category includes infections caused by
                           dermatophytes, a group of three genera of fungi, Epidermophyton, Trichophyton, and Microsporum, that commonly cause skin
                           disease in people or animals.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Subcutaneous.
                           
                        Infections or
                           diseases (chromoblastomycosis and mycetoma) that involve cutaneous and
                           subcutaneous tissues.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Systemic.
                           
                        Infections or
                           diseases that affect a specific body system, usually the lungs, although
                           any organ system may be involved. This category includes infections
                           caused by Blastomyces, Coccidioides,
                              Histoplasma, Paracoccidioides
                           species, and Penicillium
                              marneffei.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Opportunistic.
                           
                        Systemic
                           mycoses that occur primarily in individuals whose immune status is
                           altered either by underlying disease or use of immunosuppressive agents.
                           This category includes infections caused by Aspergillus, Candida, and Cryptococcus.
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Parasites

         
         
         
         
            
            
            
            A parasite is an organism that lives on or within another organism and
               obtains an advantage at the expense of the host. Humans play host to far more than
               100 different parasites, some of which we share with other species. Usually, when
               present in low numbers, parasites exist benignly. Sometimes, however, they can be
               the cause of significant morbidity and mortality.

            
            
            
            The human parasites are
               classified into four major groups:

            
            
            
            
               
               
               	
                  
                  
                  Protozoa are the simplest life forms and include amoebas,
                     flagellates, ciliates, and nonmotile tissue-dwelling organisms. The amoeba group can exist in the cyst form or the
                        trophozoite form. They reproduce either sexually or asexually. Protozoa
                        that are pathogenic to humans are classified into four groups based on
                        the mode of movement:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Sarcodina
                              (amoebas), including the Entamoeba species

                        
                        

                     
                     
                     	
                        
                        
                        Mastigophora (flagellates), including
                              the Giardia species

                        
                        

                     
                     
                     	
                        
                        
                        Ciliophora (ciliates), including the Balantidium species

                        
                        

                     
                     
                     	
                        
                        
                        Sporozoa
                              (organisms whose adult stage is not motile), including the Plasmodium and Cryptosporidium species

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Helminths are large, multicellular
                     organisms whose adult stages are generally visible to the naked eye. Infection is the result of eggs that hatch into larvae
                        in the jejunum and small intestine of humans. In adult form, helminths
                        cannot multiply in humans. The following are the three main groups of
                        helminths (worms) that cause infections in humans:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Flat worms (platyhelminths),
                           including trematodes (flukes) and cestodes (tapeworms)

                        
                        

                     
                     
                     	
                        
                        
                        Thorny-headed worms
                           (acanthocephalans), whose adult forms reside in the GI tract

                        
                        

                     
                     
                     	
                        
                        
                        Roundworms (nematodes), whose
                           adult forms can reside in the GI tract, blood, the lymphatic system,
                           or subcutaneous tissues. Larval states can also cause infection in
                           various body tissues.

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Microfilaria are microscopic filarial
                     worms transmitted by mosquitoes. There are three
                        principal types that cause disease in humans: Wuchereria bancrofti, which have
                        worldwide distribution, and Brugia malayi and Brugia timori, which are distributed
                        in Asian countries.

                  
                  

               
               
               
               	
                  
                  
                  Arthropods live on the outside of their
                     hosts and transmit parasitic, viral, bacterial, and rickettsial diseases
                     while ingesting a blood meal. Ticks, fleas, mites, and
                        mosquitoes are examples of arthropods.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Section D: Colonization/Infection and Immune System Responses

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Differentiate between colonization,
                     contamination, infection, and normal flora.

                  
                  

               
               

            
            
            
            Concepts of infection, colonization, and
               contamination are all closely related to how the body’s immune system functions.

            
            

         
         
         
         
   
      
         
         
         
         Infection

         
         
         
         
            
            
            
            Infection is the entry into and multiplication of an infectious
               agent in the tissues of the host and tissue damage resulting in apparent or
               unapparent changes in the host. As noted in the definition, infection may
               present in two ways:

            
            
            
            
               
               
               	
                  
                  
                  Unapparent, asymptomatic, or
                     subclinical infections run a course similar to that of clinical disease
                     but below the threshold of discernible clinical symptoms.

                  
                  

               
               
               
               	
                  
                  
                  Apparent, clinical, or symptomatic
                     infections result in clinical signs and symptoms of a recognizable disease
                     process.

                  
                  

               
               

            
            
            
            Two additional terms to understand within the context of
               infection are incubation period and latent period.

            
            
            
            
               
               
               	
                  
                  
                  The incubation period is the period of time
                     from exposure to some infectious source to the development of signs and
                     symptoms.

                  
                  

               
               
               
               	
                  
                  
                  The latent period is the time from exposure
                     to the beginning of the infectious period. This usually applies to
                     chronic types of infections (such as tuberculosis) that are dormant for
                     an extended period of time (months or even years) before signs and
                     symptoms appear.

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  As evidenced by the
                     two definitions above, infected individuals may be
                     infectious and capable of transmitting disease prior to
                     the development of symptoms. This concept is crucial to
                     understand and take into account when undertaking
                     precautions to prevent the spread of infections.

                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Colonization

         
         
         
         
            
            
            
            Colonization is the presence of microorganisms in or on a host with
               growth and multiplication but without causing any symptoms or disease.
               Microorganisms may establish themselves as part of a colonized patient’s flora in
               multiple or specific anatomic sites.

            
            
            
            
               Key Point

               
                  
                  
                  A thorough understanding
                     of the concept of colonization is essential in the planning and use of
                     epidemiological studies in a healthcare infection prevention and control
                     program. Confusing colonization with infection can lead to spurious associations
                     that may in turn lead to expensive, ineffective, and time-consuming
                     interventions. However, the IP must also realize that colonization may become
                     infection when changes in the host occur and that, for some disease entities, a
                     colonized host may spread organisms to other patients.

                  
                  

            
            
            
            As described above, the difference between
               colonization and infection is important. Colonization does not require treatment in
               most cases, and unnecessary treatments and/or medications (e.g., antibiotics) may
               lead to unintended consequences.

            
            
            
            However, in some cases, decolonization
               strategies may be employed to reduce the chance for progression to active infection.
               Examples of situations when colonization can lead to infection include exposure to
               antibiotics, exposure to healthcare, the presence of invasive devices (e.g.,
               indwelling urinary catheters), and the presence of wounds and non-intact skin.

            
            
            
            The decision on whether to treat colonization
               rests on a few factors, including the specifics of the colonizing microorganism and
               the overall colonization pressure. Colonization pressure is the proportion of other patients colonized
               within a defined population or area. A rise in colonization pressure may result in
               the creation of a major reservoir for infection and transmission. Colonization
               pressure may result in decreased efficacy of methods of preventing infections.

            
            

         
         
         
         
   
      
         
         
         
         Contamination

         
         
         
         
            
            
            
            Contamination is the presence of a potentially infectious agent on a
               surface, on a material, or in a laboratory specimen. Infections may result from
               defects in or contamination of a product, device, or environmental surface.

            
            
            
            There are two sources of contamination.
               Intrinsic contamination
               occurs during the manufacturing process or transport to the healthcare facility;
               extrinsic contamination
               occurs subsequent to manufacturing, during preparation, storage, or administration
               within the healthcare facility.

            
            
            
            
               Key Point

               
                  
                  
                  Understanding
                     contamination is not only important for preventing
                     infections; it is also important to outbreak investigation
                     and control. This is because exposures in healthcare
                     settings are often ongoing and organisms may be transmitted
                     from patient to patient in addition to coming from a common
                     contaminated source.

                  
                  

            
            
            
            Contamination may occur in many areas that
               create or increase the risk of infection transmission. Examples include:

            
            
            
            
               
               
               	
                  
                  
                  Equipment, including things like probes
                     and implanted medical devices.

                  
                  

               
               
               
               	
                  
                  
                  Environmental surfaces, such as bed
                     rails and television remotes.

                  
                  

               
               
               
               	
                  
                  
                  Hands of healthcare professionals due
                     to poor compliance with hand hygiene procedures.

                  
                  

               
               
               
               	
                  
                  
                  The environment of care, including
                     heating, ventilation, and air conditioning and linen and water systems.

                  
                  

               
               
               
               	
                  
                  
                  Personal protective equipment, for
                     example, masks and gloves.

                  
                  

               
               

            
            
            
            Pseudo-outbreaks are increases in positive cultures of the same organism
               (clusters) that occur with no evidence of disease. These are frequently attributed
               to contaminated specimen collection (such as bronchial washes collected with a
               contaminated bronchoscope or specimens collected with contaminated collection swabs)
               or laboratory errors.

            
            

         
         
         
         
         
            
            
            Contamination in the Laboratory or of a Laboratory
               Specimen

            
            
            
            
               
               
               Laboratory contamination occurs in several
                  different ways.

               
               
               
               Improperly collected, stored, or transported
                  specimens may be contaminated and lead to erroneous laboratory results. An example
                  is contamination of a clean-catch urine sample due to inadequate patient cleansing
                  prior to sample collection.

               
               
               
               Contamination can also occur within the
                  laboratory. Molecular diagnostic testing, such as polymerase chain reaction (PCR)
                  tests, is highly sensitive to contamination. If laboratory surfaces and PCR
                  equipment are not thoroughly cleaned and disinfected, DNA particles can be left
                  behind and picked up when processing and testing other specimens.

               
               

            
            

         
         
         
         
            
            
            Contamination in the Pharmacy

            
            
            
            
               
               
               
               Contamination of infusates is believed to be an
                  uncommon cause of infections but has resulted in episodes of Gram-negative rod
                  bacteremia in individual patients and in epidemics. However, the true incidence of
                  infections related to contaminated infusates is not known.

               
               
               
               Intrinsic and extrinsic contaminations are
                  differentiated based on epidemiologic data. Bacteremia caused by the infusion of
                  contaminated fluids is less common but is a potentially serious problem that can
                  affect one patient or dozens, depending on the circumstances of contamination (i.e.,
                  infusates prepared by nurses versus prepared in the pharmacy).

               
               
               
               Pathogens implicated include the
                  Enterobacteriaceae such as Klebsiella,
                     Enterobacter, Serratia spp., and Citrobacter freundii and also the non-enterics Burkholderia cepacia and Ralstonia pickettii. However,
                  disease can result from intrinsic contamination of medication by endotoxin without
                  the presence of viable bacteria. Intrinsic contamination of infusate has led to
                  epidemics of healthcare-associated sepsis, and intrinsically contaminated albuterol
                  nebulization solutions have led to outbreaks of B. cepacia.

               
               
               
               Significant patient morbidity and mortality have
                  resulted from extrinsically contaminated compounded sterile preparations. Extrinsic
                  contamination of propofol has been associated with clusters of postoperative
                  infections. An outbreak of E.
                     cloacae bloodstream infections was associated with contaminated prefilled
                  saline syringes prepared by a home-infusion company.

               
               

            
            

         
         
   
      
         
         
         
         Flora

         
         
         
         
            
            
            
            An estimated 500 to 1,000
               different bacterial species are considered normal flora, microbes that normally live in and on the body
               without causing infection or disease to the host. Normal flora are divided into two
               types: resident and transient. Resident
                  flora are always present on the skin and throughout the body. They
               include the body’s colonizing bacteria, which multiply and live on and in the body
               without invading the tissues. Transient
                  flora colonize the skin and mucosa temporarily, without invading tissues,
               when humans come into direct contact with the environment containing these
               organisms. Resident and transient floras vary by anatomical site and location;
               collectively, they make up the human microbiota. Relationships between the human
               host and normal flora may be described in three ways:

            
            
            
            
               
               
               	
                  
                  
                  Commensal,
                        
                     in which
                        flora neither harm nor benefit the host, such as microbes on the skin.
                        Common commensals rarely cause infection, although infection may occur
                        if there is damage to skin or mucosal barriers or for individuals who
                        are immunocompromised.
                     

                  
                  

               
               
               
               	
                  
                  
                  Mutual,
                        
                     in which both
                        the flora and the host benefit.
                     

                  
                  

               
               
               
               	
                  
                  
                  Pathogenic,
                        
                     in which the
                        flora harm the host, leading to infections and disease.
                     

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  Flora are not constrained to a single type of
                     relationship with the human host, even in the absence of damaged skin/mucosal
                     barriers or immunocompromization. Flora that are commensal in a certain area of
                     the body may be pathogenic in another area. For example, E.coli is commensal in the gastrointestinal
                     tract but is pathogenic and may lead to infection when found in the urinary
                     tract.

                  
                  
                  When patients are infected with their own
                     flora, it is called an endogenous infection. This may occur naturally as part of
                     the disease process or through breaks, cuts, invasive devices, and surgical
                     wounds, which may provide a portal of entry for endogenous flora to enter a
                     sterile site.

                  
                  

            
            
            
            In order to help determine whether the presence
               of flora is pathogenic or not, it is useful to understand which flora are considered
               normal across four major body sites. Exhibit 1-8 provides a list of normal flora as is found
               on skin, in the respiratory tract, in the gastrointestinal tract, and in the
               genitourinary tract, though other examples of common flora may also be found.

            
            
            
            
               Exhibit 1-8: Common Flora by Body Site
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Body Site

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Common Flora

                                 
                                 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Skin

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Staphylococcus
                                    spp.

                                 
                                 
                                 
                                 Micrococcus spp.

                                 
                                 
                                 
                                 Corynebacterium
                                    spp.

                                 
                                 
                                 
                                 Proprionibacterium
                                    spp.

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Gram-negative
                                    transient flora in moist areas, including:

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Escherichia coli.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Pseudomonas spp.

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Respiratory tract

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Staphylococcus
                                    spp.

                                 
                                 
                                 
                                 Viridans group Streptococcus

                                 
                                 
                                 
                                 Corynebacterium
                                    spp.

                                 
                                 
                                 
                                 Moraxella spp.

                                 
                                 
                                 
                                 Neisseria spp.

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Other anaerobic
                                    organisms, including:

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Lactobacillus spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Proprionibacterium spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Prevotella spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Fusobacterium spp.

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Gastrointestinal
                                    tract

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Oral cavity:

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Streptococcus spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Lactobacillus spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Corynebacterium spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Other
                                          anaerobic organisms.

                                       
                                       

                                    

                                 
                                 
                                 
                                 Upper and lower
                                    esophagus:

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Viridans group
                                          Streptococcus (upper and lower).

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Transient
                                          organisms from respiratory tract and oral cavity
                                          (upper).

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Bacteroides spp.

                                       
                                       

                                    

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Small
                                    intestine:

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Lactobacillus spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Streptococcus spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Enterobacteriaceae.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Other mixed
                                          anaerobic organisms.

                                       
                                       

                                    

                                 
                                 
                                 
                                 Large
                                    intestine:

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Bacteroides spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Clostridia spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Bifidobacteria spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Anaerobic
                                          Streptococcus spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       
                                          Enterobacteriaceae
                                          

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Genitourinary
                                    tract

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 External
                                    genitalia:

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Lactobacillus spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Corynebacterium spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Staphylococcus spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Streptococcus spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Transient
                                          species:

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             Escherichia coli.

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Yeast (Candida spp.).

                                             
                                             

                                          

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Other skin
                                          and large intestine flora.

                                       
                                       

                                    

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Kidney, bladder,
                                    ureters:

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       None.

                                       
                                       

                                    

                                 
                                 
                                 
                                 Uterus:

                                 
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Lactobacillus spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Bacteroides spp.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Prevotella spp.

                                       
                                       

                                    

                                 
                                 
                              

                           
                        

                     

                  
                  

               
            
            
            
            Note that some body sites are considered
               sterile (no normal flora). These include but are not limited to:

            
            
            
            
               
               
               	
                  
                  
                  Blood.

                  
                  

               
               
               
               	
                  
                  
                  Cerebral spinal fluid.

                  
                  

               
               
               
               	
                  
                  
                  Lower respiratory tract.

                  
                  

               
               
               
               	
                  
                  
                  Urine.

                  
                  

               
               
               
               	
                  
                  
                  Other body fluids:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Abdominal.

                        
                        

                     
                     
                     	
                        
                        
                        Synovial.

                        
                        

                     
                     
                     	
                        
                        
                        Pericardial.

                        
                        

                     
                     
                     	
                        
                        
                        Pleural.

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Bone.

                  
                  

               
               
               
               	
                  
                  
                  Deep tissue/organ space.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Cellular Immune System

         
         
         
         
            
            
            
            The first area of the immune response
               system we will examine is the cell-mediated immune (CMI) system. This
               response is induced, mediated, or regulated by T-lymphocytes and mononuclear
               phagocytes. An enhanced immune response is initiated when a foreign
               substance, such as a bacterium, virus, or other foreign antigen, is taken up
               by large phagocytic cells of various types (macrophages in tissues or
               Langerhans cells in skin or mucous membranes).

            
            
            
            These are components of the innate
               immune system, which is the primary spontaneous and reactive portion of the
               immune system. Ingestion of invaders may be sufficient to contain and
               eliminate an infection. However, if the infection is not contained, the
               innate system processes the invading organisms and presents the processed
               antigens to effectors of the adaptive immune system.

            
            
            
            
               Key Point

               
                  
                  
                  White blood cells,
                     or leukocytes, are one of the key types of
                     phagocytic cells in the CMI system. There are five
                     types of leukocytes; in order of frequency (in
                     healthy individuals), they are:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Neutrophils. 

                        
                        

                     
                     
                     	
                        
                        
                        Lymphocytes. 

                        
                        

                     
                     
                     	
                        
                        
                        Monocytes.
                           

                        
                        

                     
                     
                     	
                        
                        
                        Eosinophils. 

                        
                        

                     
                     
                     	
                        
                        
                        Basophils.
                           

                        

                     

                  
                  
                  
                  When appearing
                     in a complete blood count, an atypical presentation
                     of one or more of these cells may help an IP deduce
                     valuable information about a potential
                     infection.

                  
                  
                  
                  
                  For example:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Increased
                           neutrophil counts typically indicate a bacterial
                           infection, and the initial response to acute
                           bacterial infection (such as appendicitis) may
                           result in immature neutrophils (called band or
                           stab cells) entering the system. This is referred
                           to as a “left shift.”

                        
                        

                     
                     
                     	
                        
                        
                        Increased
                           lymphocytes are associated with pertussis,
                           syphilis, and toxoplasmosis; lymphocytes with a
                           characteristic frothy cytoplasm (“atypical” or
                           “reactive” lymphs) are associated with a number of
                           viral infections, such as infectious
                           mononucleosis.

                        
                        

                     
                     
                     	
                        
                        
                        Increased
                           monocytes are commonly associated with
                           Epstein-Barr virus, tuberculosis, subacute
                           bacterial endocarditis, syphilis, and other
                           illnesses.

                        
                        

                     
                     
                     	
                        
                        
                        Eosinophils
                           are usually associated with allergic reactions but
                           can be increased due to parasitic infections and
                           occasionally tuberculosis, systemic fungal
                           infections, and scarlet fever, among other
                           infections.

                        
                        

                     
                     
                     	
                        
                        
                        Increased
                           basophils are uncommon but may be found with
                           various food and drug allergies, variola and
                           varicella infections, and ulcerative colitis.

                        
                        

                     

                  
                  
                  
                  By using clues
                     such as these, an IP may be able to take initial
                     steps geared at preventing infection spread prior to
                     definitive diagnosis being available.

                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Humoral Immune System

         
         
         
         
            
            
            
            The humoral immune system is often called the
               adaptive immune system (in contrast to the CMI, or innate immune system). Humoral
               immunity is expressed by proteins called antibodies. These are found principally in
               the bloodstream, but secretory antibodies are also present in oral secretions,
               tears, intestinal contents, breast milk, prostate fluid, and, to a small degree,
               urine. Antibodies are also secreted from mucosal surfaces of the female reproductive
               tract.

            
            
            
            Antibodies are specific to individual foreign antigens.
               Antigens are broadly defined
               as any substance identified by the human immune system as “other” or “foreign,”
               usually taking the form of a molecule originating from a bacterium or other invader.
               As the definition shows, antigens may be created by other microorganisms in addition
               to bacteria, such as viruses; as such, their presence may be used in identifying
               those other types of microorganisms.

            
            
            
            All antibody molecules
               possess multiple structural sites referred to as Fab (fragment, antigen-binding),
               which react with specific antigens, and one other structural site called Fc
               (fragment, crystallizable), which can be used to categorize antibodies into groups.
               These groups are known as immunoglobulins. The functions of these immunoglobulins
               relate to the events that occur after they bind with their respective specific
               antigens.

            
            
            
            
               
               
               	
                  
                  
                  Immunoglobulin G (IgG). This is the major
                     circulating and extravascular antibody. It occurs late in the immune
                     response process and lasts the longest. It functions to protect tissues due
                     to its ability to enter extravascular tissues.

                  
                  

               
               
               
               	
                  
                  
                  Immunoglobulin M (IgM). This is the first
                     antibody to react during immune response to an infection, and it is
                     generally produced for no more than six months after the onset of the
                     infection.

                  
                  

               
               
               
               	
                  
                  
                  Immunoglobulin A (IgA). This is the
                     principal secretory antibody in humans, primarily produced in plasma cells
                     residing in mucous membranes. It may cause the release of histamine, leading
                     to an allergic clinical response.

                  
                  

               
               
               
               	
                  
                  
                  Immunoglobulin D (IgD). Trace amounts of
                     this antibody circulate freely in plasma.

                  
                  

               
               
               
               	
                  
                  
                  Immunoglobulin E (IgE). This is the
                     principal allergy-inducing immunoglobulin. It stimulates release of
                     histamine and other inflammatory substances when it reacts with an antigen.
                     IgE-producing plasma cells are found in large numbers on the mucous
                     membranes of individuals with significant seasonal allergies. Its activity
                     in the GI tract may aid in protection against intestinal parasites.

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  Knowing the difference between the types of
                     immunoglobulins can be an important investigative or diagnostic tool in a
                     healthcare facility. For example, remembering that IgG occurs late in the
                     response process can help identify if an infection is clearing or the patient has had past
                     (successful) immunization against an organism. IgM is the first antibody to
                     react and may be indicative of an acute infection that is infectious. Likewise,
                     knowing that IgE produces allergic responses may help differentiate between an
                     infection and an allergic response.

                  
                  

            
            
            
            A wide variety of organisms can cause an immune
               reaction, including organic and inorganic substances (e.g., mold; fungus; bacteria;
               parasites; venom from insects, arachnids, and reptiles; and other foreign
               substances).

            
            

         
         
         
         
   
      
         
         
         
         Other Defenses

         
         
         
         
            
            
            
            Humans possess a range of other naturally
               occurring obstacles to invasion and infection that help protect against potentially
               pathogenic organisms. The most important and most common defenses are:

            
            
            
            
               
               
               	
                  
                  
                  The skin and mucous membranes, which
                     are important mechanical barriers to infection. The skin also secretes fatty
                     acids that are lethal for many pathogens.

                  
                  

               
               
               
               	
                  
                  
                  The normal flora, which can deplete the
                     environment of essential nutrients that pathogens require, compete with
                     pathogens for tissue-binding sites, and/or secrete naturally occurring
                     antibiotics that can kill potential pathogens.

                  
                  

               
               

            
            
            
            Several other physiological
               characteristics and responses can be beneficial to the host.

            
            
            
            Fever, for example, may be an
               evolutionarily determined protective response. However, despite research indicating
               that this is likely to be the case, debate continues on the subject.

            
            
            
            
               Key Point

               
                  
                  
                  As is the case with many other concepts,
                     details in this area matter. While fevers may be beneficial responses in many
                     cases, if a high fever triggers seizures or aggravates other underlying
                     conditions like heart disease, its effects may be harmful or deadly. As such, it
                     is important to understand the medical history of the patient and tailor medical care and
                     responses based on their individual risk factors.

                  
                  

            
            
            
            Secretions, especially from mucous membranes,
               help protect against infection through both antibacterial agents and enzymes
               contained within the secretion and the promotion of flow. Examples of these
               secretions include (but are not limited to) gastric acid, saliva, bile salts, and
               tears. Note that other interventions can limit the efficacy of various secretions,
               for example, use of antacids or medicines that reduce gastric acid secretion may
               lead to increased susceptibility to pathogens in the intestinal system.

            
            
            
            The body also has a variety of macro-level
               physical mechanisms to expel invaders from the system entirely. These may consist
               of
               urination, defecation, vomiting, diarrhea, coughing, and sloughing of skin.

            
            

         
         
         
         
   
      
         
         
         
         Systemic Operation

         
         
         
         
            
            
            All of these systems work together to help
               the host respond to invasion and to prevent potential infections. For example,
               the vascular system helps circulate the components of the cellular and humoral
               immune responses along with other antibodies that are produced in response to
               normal flora that may cross-react with other pathogens to repel them.

            
            
            
            Understanding and remembering that the systems are working in concert toward the
               end goal of defense from invading microbes is a crucial concept. The ultimate
               target of all of these (with the exception of macro-level systems, which focus
               on physical removal of the invader) is the antigen, which is used by the immune
               system to produce a specific and targeted defense against the invader that
               introduced the antigen. The immune system also remembers the antigen and enables
               an enhanced response in the future if the same antigen is encountered once the
               initial infection is cleared.

            
            

         
         
         
         
   
      
         
         
         
         Section E:
            Common Infections and Their Symptoms

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Apply knowledge of immune system responses
                     to help narrow down and identify potential infections, allergic reactions,
                     and evidence of immunity.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Symptoms Associated with Common
            Infections

         
         
         
         
            
            
            
            Many pathogens can result in
               infections in major body systems. In order to identify potential causal organisms
               and begin to initiate outbreak control measures without losing crucial time while
               waiting for diagnostic testing results, it is crucial to understand both which body
               systems a pathogen most typically infects and the typical symptoms associated with
               infections in those systems. This discussion will focus on the latter concept.

            
            
            
            
               Key Point

               
                  
                  
                  There are a few key points to recall with
                     reference to the following discussion.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        It is
                           important to note that not all of these symptoms
                           will be present for each infection.

                        
                        

                     
                     
                     
                     	
                        
                        
                        General
                           symptoms for a common infection in a given system
                           may manifest differently depending on the pathogen.
                           (For example, a cough associated with infection by a
                           given pathogen may typically be productive or
                           unproductive.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Symptoms may present
                           differently in certain special populations, such as
                           pediatric or geriatric patients or the
                           immunocompromised. (For example, influenza rarely
                           causes gastrointestinal symptoms in adults but does
                           so more frequently in pediatric patients.)

                        
                        

                     
                     

                  
                  

            
            
            
            Common illnesses and their symptoms include the following:

            
            
            
            
               
               
               	
                  
                  
                  Bacteremia.
                     Symptoms include fever/chills, localized pain, nausea/vomiting, diarrhea,
                     cough, shortness of breath, and expectoration.

                  
                  

               
               
               
               	
                  
                  
                  Gastroenteritis. Symptoms include diarrhea, pain or cramping in the
                     abdomen, nausea, vomiting, and dehydration.

                  
                  

               
               
               
               	
                  
                  
                  Influenza-like. Though influenza is caused by only a single group
                     of viruses, symptoms of other illnesses may be described as “flu-like,”
                     making this symptom cluster important to many other infections. Symptoms
                     include fever, cough, headache, sore throat, and muscle pain.

                  
                  

               
               
               
               	
                  
                  
                  Meningitis.
                     Symptoms include headache, lethargy, vomiting, irritability, fever, nuchal
                     rigidity (neck stiffness), cranial nerve signs (facial drooping,
                     somnolence), seizures, and coma.

                  
                  

               
               
               
               	
                  
                  
                  Pneumonia/pulmonary
                        (lung) infection. Symptoms include fever, chills, pleuritic chest
                     pain, cough, rusty sputum, shortness of breath, hypoxia, tachycardia,
                     malaise, and weakness.

                  
                  

               
               
               
               	
                  
                  
                  Sepsis. Symptoms
                     include high heart rate or weak pulse; fever, shivering, or feeling very
                     cold; confusion or disorientation; shortness of breath; extreme pain or
                     discomfort; and clammy or sweaty skin.

                  
                  

               
               
               
               	
                  
                  
                  Skin and soft tissue infection. These
                     infections may be further subdivided into the following conditions and
                     symptoms:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Cellulitis. Symptoms are similar
                           to those of erysipelas but extend into subcutaneous tissues;
                           cellulitis is distinct in that it is not raised or sharply defined
                           from the surrounding skin.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Necrotizing fasciitis. This is an
                           aggressive infection that involves fascia and adjacent soft tissues
                           with a characteristic undermining of tissue planes. There are
                           several types: type 1, Fornier gangrene, type 2, and gas
                           gangrene.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Surgical site infection/wound
                              infection. Symptoms include fever, pain or tenderness,
                           localized swelling, redness, and heat.

                        
                        

                     
                     

                  
                  

               
               
               
               	
                  
                  
                  Urinary tract
                        infection (UTI). Symptoms include urgency, pyuria, haematuria, skin
                     rash, coma, and seizures. These infections are sometimes divided into lower
                     tract infections (cystitis) and upper tract infections (pyelonephritis).
                     UTIs may be catheter-associated (called CAUTIs). Note that bacteriuria, which is the presence of
                     bacteria in the urine, does not always indicate the presence of an active
                     UTI.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Multiple-Drug-Resistant-Organisms (MDROs)

         
         
         
         
            
            
            
            
               Key Point

               
                  
                  
                  Some pathogen strains are multiple-drug-resistant organisms (MDROs). MDROs develop resistance to multiple
                     antimicrobials, especially those to which the organism is usually susceptible
                     and that are traditionally used for treatment. These pose considerable
                     challenges in healthcare settings.

                  
                  

            
            
            
            Note that more than one mechanism may result in
               antimicrobial resistance. One form, known as intrinsic resistance, is naturally
               occurring. Evolutionary pressures for thousands of years led to organisms developing
               mechanisms to evade other naturally occurring agents that could inhibit or destroy
               them. Intrinsic resistance reflects a characteristic of the microbe that allows it
               to avoid targeting or harm from the agent it is resistant to. This may be something
               like a Gram-positive cell wall that protects the microbe against certain agents. As
               such, intrinsic resistance is predictable following the positive identification of
               the microbe.

            
            
            
            The other form
               of antimicrobial resistance, which results in MDROs, is known as acquired
               resistance. Acquired resistance represents the evolution of a microbe that results
               in its change from being susceptible to a specific treatment to being resistant.
               This is due to selective pressure created by the use of antimicrobials. Enterococci species are a good example of
               intrinsic versus acquired resistance: Enterococci
                  gallinarum and Enterococcus
                  casseliflavus/flavescens are intrinsically resistant to vancomycin. They
               will always be vancomycin-resistant. Enterococcus
                  faecalis and Enterococcus faecium, on the
               other hand, are vancomycin-sensitive until they acquire the vancomycin-resistant
               gene from another organism.

            
            
            
            Because of the continued existence of both resistant and
               nonresistant organisms, simply identifying a microbe is not enough to determine if
               it is resistant or not. Resistance can spread through multiplication of the
               organism, known as vertical transmission. It can also spread through horizontal
               transmission—through the transfer of mobile genetic material from one microbe to
               another.

            
            
            
            Successful prevention and control of MDROs requires the use of a
               variety of combined interventions. Among the commonly used are:

            
            
            
            
               
               
               	
                  
                  
                  Improved use of and compliance with hand hygiene
                     procedures.

                  
                  

               
               
               
               	
                  
                  
                  Implementation of contact precautions.

                  
                  

               
               
               
               	
                  
                  
                  Surveillance.

                  
                  

               
               
               
               	
                  
                  
                  Healthcare personnel education.

                  
                  

               
               
               
               	
                  
                  
                  Improved environmental cleaning.

                  
                  

               
               
               
               	
                  
                  
                  Correct and appropriate selection and use of
                     antimicrobials.

                  
                  

               
               
               
               	
                  
                  
                  Enhanced communication within and between facilities with
                     regard to patients
                     with MDROs.

                  
                  

               
               

            
            
            
            Though the particulars of antibiotics classes will be discussed
               elsewhere in this module, it is worthwhile to list specific details here for both
               ESBLs and CREs:

            
            
            
            
               
               
               	
                  
                  
                  ESBLs (extended spectrum β-lactamases) are enzymes that
                     confer resistance to most β-lactam antibiotics, including penicillins,
                     cephalosporins, and the monobactam aztreonam.

                  
                  

               
               
               
               	
                  
                  
                  CREs (carbapenem-resistant Enterobacterales) are bacteria
                     that are resistant to at least one of the carbapenem antibiotics (ertapenem,
                     meropenem, doripenem, or imipenem) or that produce a carbapenemase (an
                     enzyme that can make them resistant to carbapenem antibiotics).

                  
                  

               
               

            
            
            
            ESBLs and CREs are applicable to Enterobacterales, such as (but
               not limited to) species of Escherichia, Enterobacter,
                  Klebsiella, Proteus, Salmonella, Serratia, and Shigella.

            
            
            
            The emergence of ESBLs and CREs makes treatment challenging,
               especially CREs, as carbapenems are usually the last treatment option for other MDRO
               infections in extremely sick patients.

            
            

         
         
         
         
   
      
         
         
         
         Common Organisms by Type of Typical
            Encounter

         
         
         
         
            
            
            
            Before getting to
               specific details surrounding common organisms in each major type of classification
               (bacteria, viruses, fungi, parasites), we will provide some high-level groupings of
               organisms based on the circumstances in which they may be commonly encountered:

            
            
            
            
               
               
               	
                  
                  
                  Bioterrorism agents

                  
                  

               
               
               
               	
                  
                  
                  Foodborne-illness-causing
                     organisms

                  
                  

               
               
               
               	
                  
                  
                  Opportunistic organisms

                  
                  

               
               
               
               	
                  
                  
                  Zoonotic organisms (pathogens that spread between
                     animals and people)

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  An
                     IP needs to understand the differences in the ways organisms
                     may be encountered, both during the course of the IP’s work
                     and in the exam. For example:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        It may be
                           important to understand similarities between two
                           bacteria that cause different illnesses when
                           considering cleaning or transmission-based
                           precautions.

                        
                        

                     
                     
                     
                     	
                        
                        
                        During the
                           initial stages of investigation of a foodborne
                           illness outbreak, it is likely that the only
                           available information about the causative organism
                           is that it is an organism that causes foodborne
                           illness.

                        
                        

                     
                     
                     
                     	
                        
                        
                        By
                           understanding common opportunistic organisms, the IP
                           can better understand which infections individuals
                           in their facility are more likely to be infected
                           with and/or spread to others.

                        
                        

                     
                     

                  
                  

            
            
            
            Note that this information is not exhaustive and that not every
               organism discussed here is covered in detail in other discussions. Similarly, not
               every organism that we will examine in depth elsewhere fits into one of these
               categories. Finally, note that organisms may be listed in more than one
               category.

            
            

         
         
         
         
         
            
            
            Bioterrorism Agents

            
            
            
            
               
               
               
               There are three
                  categories of bioterrorism agents/diseases, defined by the CDC as
                  follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Category A.
                           
                        Highest-priority agents include organisms that pose a national security
                           risk—they are easily disseminated or transmitted from person to person,
                           result in high mortality rates, might cause public panic and social
                           disruption, and require special public health preparedness action.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Category B.
                           
                        Organisms in
                           this category are moderately easy to disseminate, result in moderate
                           morbidity rates and low mortality rates, and require specific CDC
                           diagnostic capacity and disease surveillance enhancements.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Category C.
                           
                        Organisms in
                           this category include emerging pathogens that could be engineered for
                           mass dissemination due to availability, ease of production and
                           dissemination, and the potential for high morbidity and mortality rates
                           and that could cause a major health impact.
                        

                     
                     

                  
                  

               
               
               
               Exhibit 1-9 shares the CDC-listed agents for each category of
                  bioterrorism agent.

               
               
               
               Exhibit 1-9: Examples of Pathogens in Bioterrorism Categories
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Category

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Examples

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    A

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Anthrax (Bacillus
                                                anthracis)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Botulism (Clostridium
                                                botulinum toxin)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Plague (Yersinia
                                                pestis)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Smallpox (Variola major)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Tularemia (Francisella
                                                tularensis)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Viral hemorrhagic fevers

                                          
                                          
                                          
                                          
                                             
                                             	
                                                
                                                
                                                Filoviruses (Ebola,
                                                   Marburg)

                                                
                                                

                                             
                                             
                                             	
                                                
                                                
                                                Arenaviruses (Lassa,
                                                   Machupo)

                                                
                                                

                                             

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    B

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Brucellosis (Brucella
                                             species)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Epsilon toxin of Clostridium
                                                perfringens

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Food safety threats (e.g., Salmonella, Escherichia coli
                                             0157:H7, Shigella spp.)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Glanders (Burkholderia
                                                mallei)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Melioidosis (Burkholderia
                                                pseudomallei)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Psittacosis (Chlamydia
                                                psittaci)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Q fever (Coxiella
                                                burnetii)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Ricin toxin (Ricinus
                                                communis)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Staphylococcal enterotoxin
                                             B

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Typhus fever (Rickettsia
                                                prowazekii)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Viral encephalitis
                                             (alphaviruses such as eastern equine encephalitis,
                                             Venezuelan equine encephalitis, and western equine
                                             encephalitis)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Water safety threats (e.g., Vibrio cholerae, Cryptosporidium parvum)

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    C

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Nipah virus

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Hantavirus

                                          
                                          

                                       

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  

               
               

            
            

         
         
         
         
            
            
            Foodborne-Illness-Causing Organisms

            
            
            
            
               
               
               
               Foodborne illnesses may arise from any number of
                  food sources due to unsafe storage, preparation, and serving practices along with
                  other causes. An important piece of data when investigating a potential foodborne
                  illness outbreak is the incubation period of the suspected or confirmed causal
                  organism, as that helps isolate what the potential sources of the outbreak were
                  based on how long it has been since affected individuals had shared meals or meals
                  consisting of shared ingredients.

               
               
               
               Exhibit 1-10 shares commonly encountered foodborne illnesses (as
                  identified by the CDC “Guide to Confirming an Etiology in Foodborne Disease
                  Outbreak”) and their incubation period (as identified by the APIC Text, the CDC “Guide,” and other
                  resources).

               
               
               
               
                  Exhibit 1-10: Commonly Encountered Foodborne Organisms with Incubation Periods and
                     Symptom Duration
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Organism Type

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Common Examples

                                    
                                    
                                 
                                 
                                 
                                 	Typical
                                    
                                    Incubation Period

                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Typical Symptom Duration

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Bacteria

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Bacillus
                                          cereus
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Vomiting toxin: 1–6 hours

                                    
                                    
                                    
                                    Diarrheal toxin: 8–16 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Vomiting toxin: Within a day

                                    
                                    
                                    
                                    Diarrheal toxin: 8–16 hours

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Brucella
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–3 weeks

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Weeks

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Campylobacter
                                          jejuni/coli
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–5 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–10 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Clostridium
                                          botulinum
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    12–72 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Varies with illness severity

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Clostridium
                                          perfringens
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    8–16 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Toxin-producing Escherichia coli (e.g., E. coli
                                       O157:H7)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–8 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    5–10 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Listeria
                                          monocytogenes
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    GI symptoms: 9–48 hours

                                    
                                    
                                    
                                    Invasive disease: 2–6 weeks

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    GI symptoms: 1–3 days

                                    
                                    
                                    
                                    Invasive
                                       disease: Several days to several weeks

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Salmonella
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–3 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    4–7 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Shigella
                                       spp.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    4–7 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Staphylococcus
                                          aureus
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–6 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Streptococcus
                                       group A

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–4 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Within 4 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Vibrio cholerae
                                       (toxin)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–3 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    3–7 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Vibrio
                                          parahaemolyticus
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–48 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–5 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Yersinia
                                          enterocolitica
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–3 weeks

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Viruses

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Astroviruses

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    10–70 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–9 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Hepatitis A

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    15–50 days, average 28 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 weeks

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Noroviruses

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    12–48 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    12–60 hours

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Parasites

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Cryptosporidium
                                       spp.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–10 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–14 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Cyclospora
                                          cayetanensis
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–14 days, usually >1 week

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    10–12 weeks, may relapse

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Giardia
                                       spp.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 weeks

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–6 weeks

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Trichinella
                                       spp.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Intestinal phase: 1–2 days

                                    
                                    
                                    
                                    Systemic phase: 2–8 weeks

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Intestinal phase: Unknown

                                    
                                    
                                    
                                    Systemic phase: 5–45 days

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               In the initial stages of a foodborne outbreak investigation, it
                  may not be apparent whether the causal agent is a bacterium, virus, parasite, or
                  other substance (such as a chemical); at times, only the apparent time from the
                  suspected exposure to the appearance of symptoms and/or the length of time that the
                  symptoms lasted may be available. Exhibit 1-11 displays the illnesses and incubation periods from Exhibit 1-10 in
                  descending order of time elapsed since exposure; Exhibit 1-12
                  displays the illnesses and symptom durations, again ordered from shortest to
                  longest.

               
               
               
               Note that the scales on Exhibit 1-11 and Exhibit 1-12 are sliding (not spaced consistently) as they move from left
                  to right. This was done so that all of the organisms could be displayed together in
                  the images. When comparing the bar length of organisms that are not directly beside
                  one another, take care to account for the change as the scale moves from left to
                  right to avoid errant conclusions regarding relative length.

               
               
               
               
                  Exhibit 1-11: Incubation Periods of Common Foodborne Illnesses[image: A horizontal bar chart listing foodborne pathogens in the left column and symptom onset ranges across a timeline from 1 hour to 2 months after exposure. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               
                  Key Point

                  
                     
                     
                     In addition to being useful in narrowing down potential
                        causal organisms, the incubation period can also be useful in narrowing down the
                        source of an outbreak. Once the causal organism is confirmed, an IP can work
                        backward to narrow down the exposure time frame and start to narrow down the
                        list of potential source events.

                     
                     

               
               
               
               
                  Exhibit 1-12: Symptom Duration for Common Foodborne Illnesses[image: A bar chart showing the duration of symptoms for various foodborne pathogens. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Note that in Exhibit 1-12,
                  due to some values not being definable, a handful of organisms listed in the
                  previous exhibits do not appear. Additionally, given that the left axis in this
                  graphic depicts the beginning of symptoms, symptoms would be present in the blue
                  area to the left of the bar and not present on the right side of the bar.

               
               

            
            

         
         
         
         
            
            
            Opportunistic Organisms

            
            
            
            
               
               
               
               As
                  mentioned elsewhere, individuals with a higher level of immunocompromization may be
                  infected by a larger number of opportunistic organisms. That being said, some
                  opportunistic organisms are commonly associated with immunosuppression resulting
                  from host defects. Some of these may be more likely to be present given a specific
                  host defect (for example, a defect in the cutaneous barrier, abnormal function of
                  cell-mediated immunity, etc.).

               
               
               
               Exhibit 1-13 shares a
                  list of some of the most commonly encountered opportunistic organisms. For more
                  information about any of the listed organisms, consult trusted information from
                  sources like WHO, CDC, and others.

               
               
               
               
                  Exhibit 1-13: Commonly Encountered Opportunistic Organisms
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Organisms Type

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Common Examples

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Bacteria

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Bacteroides
                                                fragilis
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Clostridium
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Enterococcus
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Encapsulated
                                             strains (especially type B) of Haemophilus
                                                influenzae

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Listeria
                                                monocytogenes
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Mycobacterium spp.,
                                             including M.
                                                tuberculosis

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Neisseria
                                                meningitidis
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Nocardia, such as
                                             N.
                                                asteroides

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Pseudomonas
                                                pseudomallei
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Rhodococcus
                                                equi
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Salmonella
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Staphylococcus
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Streptococcus
                                             spp.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Viruses

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Herpes group,
                                             especially cytomegalovirus and herpes
                                             zoster

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Fungi

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Aspergillus
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Candida
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Coccidioides
                                                immitis
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Cryptococcus
                                                neoformans
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Histoplasma
                                                capsulatum
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Penicillium
                                                marneffei
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Pneumocytis
                                                jiroveci
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Torulopsis
                                                glabrata
                                             

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Protozoa

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Cryptosporidium
                                             spp., such as C.
                                                parvum

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Toxoplasma
                                                gondii
                                             

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Helminths

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Strongyloides
                                                stercoralis
                                             

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
         
         
            
            
            Zoonotic Illnesses

            
            
            
            
               
               
               
               Zoonotic illnesses are infectious diseases that are
                  transmitted between species from animals to humans or from humans to animals.
                  Some foodborne illnesses, such as E. coli
                  O157:H7, C. parvum, Campylobacter, and Salmonella, may be considered zoonotic, but
                  these generally arise as a result of ingestion of contaminated meat or through
                  oral routes after handling animals without proper hand hygiene practices and
                  thus are not listed here. We also do not list illnesses found in animals and
                  transmitted through the bite of an insect, such as West Nile virus, Zika virus,
                  Rocky Mountain spotted fever, and Lyme disease.

               
               
               
               
                  Exhibit 1-14: Commonly Encountered Zoonotic Illnesses and Causal Organisms
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Organism Type

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Causal Organism

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Disease Name

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Associated Animals/Media

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Bacteria

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Bartonella henselae

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cat scratch disease

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cats

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Brucella spp.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Brucellosis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Goats, cattle, swine, dogs, horses

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Chlamydia psittaci

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Psittacosis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pet birds, poultry

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Coxiella
                                          burnetii

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Q fever

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Goats, sheep, cattle, rodents,
                                       rabbits, dogs, cats

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Francisella tularensis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Tularemia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Rabbits, pocket pets, wild aquatic
                                       rodents, sheep, cats, horses, dogs

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Yersinia
                                          pestis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Plague

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Rodents, cats, rabbits

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Fungi

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Histoplasma capsulatum

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Histoplasmosis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Soil contaminated with bird and bat
                                       feces

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Viruses

                                    
                                    
                                    
                                    

                                    
                                    
                                    
                                    

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Hantaviruses

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Hantaviral disease

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Rodents

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Rabies virus

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Rabies

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cats, dogs, cattle and other domestic
                                       animals; wild carnivores; raccoons; bats; skunks;
                                       foxes

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Parasites

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Toxoplasma gondii

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Toxoplamosis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cats

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
   
      
         
         
         
         Section F: Bacteria

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Identify key characteristics of bacteria that are commonly encountered in the
                     healthcare field.

                  
                  

               
               

            
            
            
            Commonly encountered bacteria include the following. Unless
               specifically referenced, the typical symptoms associated with the hallmark
               infections are the traditional symptoms for the given infection.

            
            
            
            
               Key Point

               
                  
                  
                  Note that the modes of transmission will
                     affect the precautions recommended when a given organism is
                     or is suspected to be present. Both modes of transmission
                     and transmission-based/isolation precautions are discussed
                     elsewhere in the learning system.

                  
                  
                  
                  For more information, the CDC maintains a reference guide
                     for use of isolation precautions. It is available in the
                     additional resources area of the learning
                     system.

                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Enteric Gram-Negative
            Bacteria

         
         
         
         

         
         
         
         
         
            
            
            Enterobacter

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Enterobacter cloacae, Enterobacter
                           agglomerans.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-negative facultative anaerobic rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Urinary tract infections (UTIs), respiratory infections, wound infections,
                        abdominal infections, bacteremia/sepsis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Transmission from
                        hands of healthcare personnel (HCP), exposure to contaminated media like
                        food, solution, and medical equipment. May colonize
                           and turn to infection when normal or resident flora are reduced by
                           exposure to broad-spectrum antibiotics.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Opportunistic bacteria.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Escherichia
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species
                           name(s): Escherichia coli.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-negative facultative anaerobic rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Gastrointestinal, UTIs, bacteremia/sepsis, neonatal meningitis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Contact,
                        ingestion, fecal-oral route, foodborne (especially contaminated
                        and undercooked beef, raw milk, fruits, and vegetables).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Neonatal E. coli infections can occur
                        from the maternal genital tract.

                     
                     
                     
                     Severe cases of illness, such as hemolytic uremic
                        syndrome, can result from toxigenic E.
                           coli strains (e.g., O157:H7) and may require dialysis. E.coli O157:H7 is a category B
                        bioterrorism agent that is typically transmitted by ingestion of
                        contaminated and inadequately cooked beef or raw milk, fruits, and
                        vegetables contaminated with ruminant feces.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Klebsiella
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Species
                           name(s):
                         
                        Klebsiella aerogenes, Klebsiella
                           pneumoniae, Klebsiella oxytoca, Klebsiella granulomatis.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Aerobic Gram-negative rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pneumonia, bacteremia/sepsis, wound infections, UTIs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Direct
                        contact, person-to-person; contamination from environment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Normal flora of gastrointestinal and genital tracts. May
                        asymptomatically colonize the upper respiratory tract.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Proteus
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Proteus
                           mirabilis, Proteus penneri, Proteus vulgaris.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Facultative anaerobic Gram-negative rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        UTIs, respiratory infections, wound infections, bacteremia/sepsis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Person-to-person, direct or indirect contact with
                        contaminated persons or objects.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Normal GI flora become pathogenic outside of area; common
                        healthcare-associated infection (HAI).

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Salmonella
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Species
                           name(s):
                         
                        Salmonella enterica, Salmonella
                           bongori.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Facultative anaerobic Gram-negative rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Typhoid fever, gastroenteritis (foodborne illness). Symptoms commonly
                        associated with typhoid fever include sustained fever; may also include
                        weakness, stomach pain, headache, diarrhea or constipation, and cough. Symptoms associated with foodborne illness include
                           diarrhea, fever, and stomach cramps.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Fecal-oral
                        route through water and food, especially undercooked meat, poultry,
                        unpasteurized eggs and dairy products.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Category B bioterrorism agent.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Serratia
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Species name(s):
                         
                        Serratia
                           marcescens, Serratia liquefaciens.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Facultative Gram-negative rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pneumonia, bacteremia/sepsis, wound infections.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Contact, contaminated IV
                        fluids, medical equipment (respiratory therapy).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Normal flora in GI tract. Shows
                        emerging resistance to multiple antibiotics.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Shigella
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Species
                           name(s):
                         
                        Shigella dysenteriae, Shigella
                              flexneri, Shigella boydii, Shigella sonnei.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-negative facultative anaerobic
                        bacilli.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections: Gastroenteritis
                        and dysentery. Diarrhea associated with this is typically bloody.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Predominant route is
                        through fecal-oral contact, mostly from person to person. It can be transmitted by contaminated water, food, and
                           other objects but shows relatively poor survival outside of human
                           hosts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Shigella is highly contagious and has
                        been shown to require as few as 10 organisms to cause disease. Category
                        B bioterrorism agent. S.
                           dysenteriae serotype 1 has been recognized as the major epidemic
                        strain of this group of organisms. This serotype is associated with high
                        fatality rates due to its ability to produce a virulence protein known
                        as Shiga toxin.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Other Gram-Negatives

         
         
         
         
         
            
            
            
               Acinetobacter
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Acinetobacter baumannii; many of the most clinically important species are
                           sometimes grouped together as A. calcoaceticus-A. baumannii
                           complex.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Aerobic Gram-negative rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pneumonia, bacteremia/sepsis, wound infections, UTIs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Direct, indirect, and environmental
                        contact; endogenous; HAI from medical instruments and
                        equipment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: These
                        organisms are widely distributed in water sources but are notable for their
                        ability to persist and survive on dry inanimate surfaces for a month. Most
                        frequently observed during warm seasons. A.
                           baumannii is a potent multiple-drug-resistant organism (MDRO).

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Bacteroides
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Bacteroides
                           fragilis group, Bacteroides
                           ovatus, Bacteroides thetaiotaomicron.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Anaerobic Gram-negative rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Abdominal infections, bacteremia.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Endogenous; animal bites.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        None.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Bordetella
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Bordetella
                           pertussis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Small aerobic Gram-negative coccobacilli.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pertussis (whooping cough); pneumonia.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Droplet.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Vaccination is available. However, the organism may be carried by immune
                        individuals. Symptoms may present differently depending
                           on the stage of infection. Early-stage symptoms include runny nose,
                           low-grade fever, mild cough, apnea, and cyanosis in babies and young
                           children; later-stage symptoms include high-pitched, uncontrollable
                           cough, vomiting during or after coughing, difficulty breathing.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Brucella
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Brucella
                           abortus, Brucella canis, Brucella melitensis, Brucella suis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Aerobic Gram-negative coccobacilli.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Recurrent fever, arthritis, osteomyelitis, epididymitis, endocarditis,
                        granulomatous disease, nodular lung and ocular lesions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Most cases are from ingestion of unpasteurized
                        dairy products, contact and droplet, inhalation, or breaks in skin and
                        mucous membranes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Category B bioterrorism agent.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Campylobacter
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Species name(s):
                         
                        Campylobacter coli, Campylobacter fetus, Campylobacter
                           jejuni.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-negative curved rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Gastroenteritis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Contact with or ingestion of
                        contaminated soil, water, or food (poultry, beef, pork, and lamb),
                        unpasteurized or poorly pasteurized milk.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Has a small infectious dose—fewer than 500 organisms are necessary to
                        cause disease.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Chlamydia
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Chlamydia
                           pneumoniae, Chlamydia
                           trachomatis, Chlamydia
                           psittacosis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics:

                     
                     
                     
                     
                        
                        	
                           
                           
                           C.
                                 pneumoniae: Aerobic Gram-negative cocci.

                           
                           

                        
                        
                        	
                           
                           
                           C.
                                 trachomatis: Aerobic Gram-negative cocci (similar to
                              Gram-negative coccobacilli).

                           
                           

                        
                        
                        	
                           
                           
                           C.
                                 psittacosis: Aerobic Gram-negative cocci.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark
                           infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           C.
                                 pneumoniae: Pneumonia.

                           
                           

                        
                        
                        	
                           
                           
                           C.
                                 trachomatis: Genital infections, conjunctivitis.

                           
                           

                        
                        
                        	
                           
                           
                           C.
                                 psittacosis: Psittacosis. Symptoms include abrupt onset
                              of fever and chills, headache, myalgia, nonproductive cough that
                              may progress to severe pneumonia.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:.

                     
                     
                     
                     
                        
                        	
                           
                           
                           C.
                                 pneumoniae: Droplet and contact.

                           
                           

                        
                        
                        	
                           
                           
                           C.
                                 trachomatis: Contact, sexual transmission.

                           
                           

                        
                        
                        	
                           
                           
                           C.
                                 psittacosis: Inhalation of dried bird secretions and
                              feces.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional
                           notes:

                     
                     
                     
                     
                        
                        	
                           
                           
                           C.
                                 trachomatis: Difficult to visualize on Gram stain.

                           
                           

                        
                        
                        	
                           
                           
                           C.
                                 psittacosis: Widespread dissemination is possible to
                              people who have pet birds, visit pet shops, and/or care for
                              birds. Category B bioterrorism agent.

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Francisella
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Francisella
                              tularensis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Intracellular aerobic Gram-negative
                        coccobacilli.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark
                           infections: Tularemia. Symptoms include skin ulcers, swollen and
                        painful lymph glands, inflamed eyes, sore throat, mouth sores, diarrhea,
                        or pneumonia. If the bacteria are inhaled, symptoms can include abrupt
                        onset of fever, chills, headache, muscle aches, joint pain, dry cough,
                        and progressive weakness.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Aerosols, contact, inhalation, exogenous, infected
                        wild animals, infected arthropod bite, contaminated water. Acquisition
                        due to inhalation of contaminated dust or aerosols can occur during
                        farming or landscaping activities, especially when machinery (e.g.,
                        tractors or mowers) runs over infected animals or carcasses.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Category A bioterrorism agent.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Haemophilus
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Species name(s):
                         
                        Haemophilus
                           influenzae.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-negative coccobacillus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections: Meningitis, conjunctivitis, otitis media,
                        respiratory infections, bacteremia.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Contact and inhalation of
                        droplets.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Normal flora of the upper respiratory tract. H. influenzae type B (HIB) conjugated
                        vaccine prevents meningitis in children older than two months.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Legionella
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        
                        Species name(s):
                         
                        Legionella
                           pneumophila.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-negative rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Legionnaires’ disease, Pontiac fever.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Found environmentally in water systems,
                        including drinking systems, air conditioning systems, shower heads, hot
                        water tanks, humidifiers, respiratory therapy equipment, and whirlpools.
                        Aspiration or direct inhalation of organisms or aerosolization from
                        devices. No evidence of person-to-person transmission.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Unlike many other common pneumonia-causing bacteria, Legionella is difficult to visualize
                        with Gram stain. Underdiagnosis of Legionnaires’ disease is common due
                        to nonspecific clinical presentation. There are approximately 15
                        serogroups of Legionella; of
                        particular note is serogroup 1, which causes more than 80% of all Legionella infections and is the only
                        serogroup detected by Legionella
                        urinary antigen testing.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Moraxella
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Moraxella
                           catarrhalis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Aerobic Gram-negative diplococci.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Eye infections, bacteremia, endocarditis, septic arthritis, otitis
                        media, sinusitis, pneumonia, dog bite wound infections.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Droplet, patient care equipment, dog bites.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        None.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Neisseria
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Species
                           name(s):
                         
                        Neisseria meningitidis,
                              Neisseria gonorrhoeae.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-negative diplococci.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Neisseria
                                 meningitidis: Meningitis, bacteremia/sepsis.

                           
                           

                        
                        
                        	
                           
                           
                           Neisseria
                                 gonorrhoeae: Genital infection, conjunctivitis, newborn
                              ophthlamitis, pharyngitis. Symptoms include
                                 vaginal or urethral discharge associated with genital infection,
                                 eye discharge associated with conjunctivitis.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Respiratory droplets.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: N. meningitidis is normal flora in
                        the back of the nose and throat for approximately 10% of the population.
                        It’s typically an incidental finding when respiratory cultures are
                        performed. Carriers of N. meningitidis
                        may still transmit the organism to others through sneezing or coughing,
                        so isolation precautions may be necessary depending on the clinical
                        presentation of the patient.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Pseudomonas
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Species name(s):
                         
                        Pseudomonas
                           aeruginosa, Pseudomonas oryzihabitans, Pseudomonas
                           stutzeri.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Aerobic Gram-negative rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections: Ear
                        infections (swimmer’s ear), UTIs, respiratory infections, infections in burn
                        patients, wound
                        infections, bacteremia/sepsis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Contaminated water (e.g., swimming
                        pools, water slides, whirlpools, hot tubs), solutions, foods, exposure
                        to contaminated equipment, environmental contact.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Leading cause of respiratory tract HAI.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Gram-Positive Bacteria

         
         
         
         

         
         
         
         
         
            
            
            
               Bacillus
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Bacillus
                           anthracis, Bacillus cereus, Bacillus subtilis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Aerobic Gram-positive spore-forming rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           B.
                                 anthracis: Cutaneous anthrax, inhalation anthrax. Symptoms
                              associated with cutaneous infection include small blisters or bumps
                              that may itch and black lesions that progress to a painless sore
                              with a black center. Symptoms associated with inhalation include
                              fever, chills, shortness of breath, cough, confusion/dizziness,
                              headache, nausea/vomiting, drenching sweat.

                           
                           

                        
                        
                        	
                           
                           
                           B. cereus: Food
                              poisoning and other opportunistic infections related to
                              immunosuppression.

                           
                           

                        
                        
                        	
                           
                           
                           B. subtilis:
                              Opportunistic infections.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Foodborne or environmental contact; B. anthracis may be inhaled.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:B. anthracis is a
                        category A bioterrorism agent.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Clostridioides
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Clostridioides difficile.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Anaerobic spore-containing Gram-positive
                        rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Colitis, pseudomembranous colitis, toxic megacolon. Symptoms include
                        diarrhea, abdominal pain, fever, increased white blood cell count.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Transfer of spores from contaminated environment
                        or by hands, especially in healthcare settings when good hand hygiene
                        practices are not followed. Any surface, device, or material (such as
                        commodes, bathtubs, and electronic rectal thermometers) that becomes
                        contaminated with feces could serve as a reservoir for C. difficile spores. The spores can
                        also be transferred to patients via the hands of HCP who have touched a
                        contaminated surface or item.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: CDI
                        may result in prolonged, chronic disease that can last for years; standard
                        antibiotic treatments are not effective in this case. New treatments like
                        fecal microbiota transplantation are potentially useful for recurrent
                        disease. C. difficile was
                        previously categorized as a member of the Clostridium family but is now listed under the Clostridioides family.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Clostridium
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Clostridium botulinum, Clostridium
                           perfringens,
                        Clostridium tetani.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Anaerobic spore-containing Gram-positive rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           C. botulinum:
                              Botulism, wound infections.

                           
                           

                        
                        
                        	
                           
                           
                           C. perfringens:
                              Gas gangrene, food poisoning.

                           
                           

                        
                        
                        	
                           
                           
                           C. tetani:
                              Tetanus (lockjaw).

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           C.
                                 botulinum: Ingestion, contact.

                           
                           

                        
                        
                        	
                           
                           
                           C.
                                 perfringens: Ingestion, contact.

                           
                           

                        
                        
                        	
                           
                           
                           C. tetani:
                              Contact.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional
                           notes:

                     
                     
                     
                     
                        
                        	
                           
                           
                           C.
                                 botulinum: Produces a toxin that results in illness of
                              variable severity. May cause paralysis, which is usually
                              descending and bilateral, and which may progress rapidly.
                              Category A bioterrorism agent.

                           
                           

                        
                        
                        	
                           
                           
                           C.
                                 perfringens: Produces a toxin (Epsilon toxin) that
                              results in severe illnesses and is a category B bioterrorism
                              agent.

                           
                           

                        
                        
                        	
                           
                           
                           C. tetani:
                              Produces a toxin called tetanospasmin/tetanus neurotoxin.
                              Vaccination available.

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Enterococci

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Over 30 species; most
                        commonly encountered are Enterococcus
                           faecalis and Enterococcus faecium.
                        May be encountered as an MDRO, vancomycin-resistant
                        enterococci (VRE).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-positive, catalase-negative,
                        nonspore-forming cocci that can exist singly, in pairs, or in
                        chains.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        UTIs, wound infections, abdominal infections, bacteremia/sepsis,
                        endocarditis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Major mode of spread is direct or indirect contact
                        transmission mediated by transient carriage on the hands of HCP. Other
                        routes include transmission via contaminated sources (i.e., contaminated
                        medical devices or equipment or the environment).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Enterococci are considered the most abundant Gram-positive cocci that colonize the
                        human gastrointestinal and biliary tracts, although they may colonize other
                        areas as well. Transmission of VRE in particular is driven by selective
                        pressure of antimicrobial use in addition to colonization pressure and other
                        typical factors. They may be beta, alpha, or
                           non-hemolytic on blood agar.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Listeria
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Listeria
                           monocytogenes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-positive rod.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Perinatal listeriosis, meningitis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Foodborne, especially fresh soft cheeses,
                        unpasteurized or inadequately pasteurized milk, ready-to-eat deli meats, hot
                        dogs. Perinatal transmission, from mother to infant,
                           may occur.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Asymptomatic fecal carriage may occur; this renders stool cultures unhelpful
                        for determination. Represents a small percentage of overall foodborne
                        illnesses but responsible for a high number of hospitalizations and deaths
                        compared to the total number from all foodborne illnesses. Pregnancy creates increased vulnerability to L. monocytogenes. L. monocytogenes is also especially
                           dangerous to immunocompromised individuals.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Staphylococcus (coagulase-negative)
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Staphylococcus epidermis, Staphylococcus haemolyticus,
                           Staphylococcus lugdunensis, Staphylococcus saprophyticus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-positive cocci in grapelike clusters;
                        catalase-positive and coagulase-negative.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        UTIs, bacteremia/sepsis, device infections, endocarditis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Contact, unwashed hands, and contaminated patient
                        care equipment. S. epidermis and S. lugdunensis are
                        endogenous.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:  Methicillin resistance is common and
                        contact precautions are not needed for methicillin-resistant
                        coagulase-negative Staphylococcus species. Coagulase-negative Staphylococcus colonizes the skin but
                        can become a pathogen when it enters tissue or sterile sites, and it is
                        a leading cause of infections associated with implanted medical devices.
                        It is frequently found in contaminated blood cultures.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Staphylococcus (coagulase-positive)
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Staphylococcus aureus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-positive cocci in grapelike clusters;
                        catalase-positive and coagulase-positive. Enterotoxin-producing.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Wound infections/abscesses, pneumonia, empyema, osteomyelitis,
                        bacteremia/sepsis, endocarditis. Enterotoxin can lead to toxic shock
                        syndrome (TSS), food poisoning, and Staphylococcus scalded skin syndrome.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Endogenous (naturally occurring on a host), contact,
                        unwashed hands, contaminated patient care equipment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: S. aureus is
                        considered one of the most important human pathogens. It is normal flora of
                        the skin, anterior nares, nasopharynx, and perineal area. It is the only
                        coagulase-positive species of Staphylococcus. This difference is used heavily when determining
                        species. S. aureus may be encountered as
                        an MDRO, methicillin-resistant S. aureus
                        (MRSA). MRSA strains are common in hospitals and other healthcare settings
                        such as nursing homes.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Streptococcus
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Over 30, classified into
                        groups. Group A (Streptococcus pyogenes),
                        Group B (Streptococcus agalactiae), Group
                        G, Streptococcus
                              pneumoniae, and Streptococcus
                           viridans are of particular concern.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-positive cocci in chains or pairs. Streptococccus species growing on blood
                        agar may be beta-hemolytic (complete lysis of red blood cells),
                        alpha-hemolytic (partial lysis of red blood cells), or non-hemolytic (no
                        lysis of red blood cells).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Group A: Pharyngitis (strep throat), necrotizing
                              fasciitis, rheumatic fever, scarlet fever, impetigo, skin and soft
                              tissue infections/abscesses, postoperative surgical site
                              infections.

                           
                           

                        
                        
                        	
                           
                           
                           Group B: Neonatal infections (bacteremia/sepsis,
                              meningitis), postpartum infections.

                           
                           

                        
                        
                        	
                           
                           
                           Group G: Opportunistic infections (including
                              pharyngitis, skin and soft tissue infection, septic arthritis,
                              osteomyelitis, bacteremia, endocarditis, and meningitis) in patients
                              with underlying medical conditions.

                           
                           

                        
                        
                        	
                           
                           
                           S. pneumoniae:
                              Pneumonia, otitis media, meningitis.

                           
                           

                        
                        
                        	
                           
                           
                           S. viridans:
                              Endocarditis, oral abscesses.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Group A: Direct person-to-person contact, probably
                              by infected droplets of saliva or nasal secretions and perhaps by
                              hand-to-hand-to-mouth contact; foodborne and waterborne;
                              transmission via fomites; arthropod vectors.

                           
                           

                        
                        
                        	
                           
                           
                           Group B: Direct contact, including via sexual
                              contact and to infants during the intrapartum period.

                           
                           

                        
                        
                        	
                           
                           
                           Group G: Can colonize various body locations; some
                              outbreaks have been foodborne.

                           
                           

                        
                        
                        	
                           
                           
                           S. pneumoniae:
                              Common colonizer in nasopharynx, transmitted from person to person
                              through close contact. Infection results from microaspiration of
                              organism; may arise from individual’s own flora.

                           
                           

                        
                        
                        	
                           
                           
                           S. viridans:
                              This group of Streptococcus
                              species comprises a large percentage of the flora of the oral cavity
                              and may colonize other areas, leading to infections in
                              immunocompromised individuals, particularly those with
                              neutropenia.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Group A: Beta-hemolytic; among the most frequent
                              and important pathogens found in humans. Produces toxins. A single
                              surgical site infection with group A Streptococcus is significant, and further investigation as
                              to the source is warranted.

                           
                           

                        
                        
                        	
                           
                           
                           Group B: Beta-hemolytic; common inhabitants of the
                              lower gastrointestinal tract and genital tract.

                           
                           

                        
                        
                        	
                           
                           
                           S. pneumoniae:
                              Alpha-hemolytic; Gram stain morphology may be described as
                              Gram-positive diplococci or lancet-shaped Gram-positive cocci. Most
                              common cause of community-acquired pneumonia and bacterial
                              meningitis in adults; also commonly isolated pathogen in otitis
                              media and acute sinusitis. Vaccines are available.

                           
                           

                        
                        
                        	
                           
                           
                           S. viridans:
                              Alpha-hemolytic; low virulence and does not have endotoxin or other
                              toxin production.

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         
            Mycobacterium
            

         
         
         
         

         
         
         
         
         
            
            
            Non-Tuberculosis-Causing Mycobacterium

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Mycobacterium avium, Mycobacterium abscessus, Mycobacterium
                           fortuitum, Mycobacterium kansasii, Mycobacterium chelonae,
                           Mycobacterium chimaera.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Acid-fast bacilli.

                     
                     
                     
                     
                        
                        	
                           
                           
                           M.
                                 abscessus: Rapid-growing.

                           
                           

                        
                        
                        	
                           
                           
                           M. avium:
                              Slow-growing.

                           
                           

                        
                        
                        	
                           
                           
                           M.
                                 fortuitum: Rapid-growing.

                           
                           

                        
                        
                        	
                           
                           
                           M. kansasii:
                              Slow-growing.

                           
                           

                        
                        
                        	
                           
                           
                           M. chelonae:
                              Rapid-growing.

                           
                           

                        
                        
                        	
                           
                           
                           M. chimaera:
                              Slow-growing.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark
                           infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           M.
                                 abscessus: Skin and soft tissue infections.

                           
                           

                        
                        
                        	
                           
                           
                           M. avium:
                              Localized lymphadenitis in submandibular, submaxillary, and
                              periauricular lymph nodes in children. Causes opportunistic
                              infections in patients with acquired immunodeficiency syndrome
                              (AIDS) which manifests as disseminated wasting diseases
                              characterized by fever, weight loss, hepatosplenomegaly, and
                              anemia.

                           
                           

                        
                        
                        	
                           
                           
                           M.
                                 fortuitum: Nonpathogenic. May cause infections in skin
                              abscesses at site of trauma and in individuals who are patrons
                              of nail salons.

                           
                           

                        
                        
                        	
                           
                           
                           M. kansasii:
                              Pulmonary infection.

                           
                           

                        
                        
                        	
                           
                           
                           M. chelonae:
                              Skin, soft tissue, and postoperative wound infections,
                              keratitis.

                           
                           

                        
                        
                        	
                           
                           
                           M. chimaera:
                              Associated with surgical site infections.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           M.
                                 abscessus: Environmental contact, tap water. Not transmitted
                              between humans.

                           
                           

                        
                        
                        	
                           
                           
                           M. avium:
                              Environmental contact, tap water. Not transmitted between
                              humans.

                           
                           

                        
                        
                        	
                           
                           
                           M.
                                 fortuitum: Environmental contact, tap water. Not transmitted
                              between humans.

                           
                           

                        
                        
                        	
                           
                           
                           M. kansasii:
                              Environmental contact. Not transmitted between humans.

                           
                           

                        
                        
                        	
                           
                           
                           M. chelonae:
                              Environmental contact, tap water. Not transmitted between
                              humans.

                           
                           

                        
                        
                        	
                           
                           
                           M. chimaera:
                              Environmental contact, associated with heating and cooling
                              devices. Not transmitted between humans.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Nontuberculous mycobacteria (NTM) are opportunistic pathogens that can
                        be found in soil, dust, and water, including public water sources such
                        as drinking water. NTM can cause infections that are difficult to
                        diagnose and treat. Healthcare-associated NTM outbreaks have been
                        connected to medical devices, cosmetic procedures, dental procedures,
                        contaminated parenteral medications, and other exposures. M. avium is the most common
                        environmental nontuberculosis Mycobacterium to cause disease.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Tuberculosis-Causing Mycobacterium

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        
                        Species
                           name(s):
                         
                        Mycobacterium tuberculosis.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Acid-fast bacilli.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pulmonary tuberculosis; extra-pulmonary tuberculosis. Pulmonary symptoms
                        include cough lasting longer than three weeks, weight loss, fatigue,
                        hemoptysis, fever, night sweats, chills; extra-pulmonary can affect spine,
                        kidneys, brain, or lymph nodes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Airborne
                        droplets.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: A
                        positive test result on an acid-fast bacilli (AFB) smear may indicate that
                        the individual is contagious. Airborne particles may be suspended in air for
                        long periods of time and travel through ventilation systems. This is a
                        slow-growing microorganism, so molecular testing may be able to provide more
                        rapid results.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Spirochetes

         
         
         
         

         
         
         
         
         
            
            
            
               Borrelia
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Borrelia burgdorferi.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Spirochete.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections: Lyme disease.
                        Symptoms may present differently depending on stage of infection.
                        Early-stage symptoms include fever, chills, headache, fatigue, muscle
                        and joint aches, and swollen lymph nodes along with erythema migrans
                        rash; later-stage symptoms include neurologic and cardiac abnormalities
                        and arthritis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Ticks.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Vaccine available in endemic areas; serology testing ideal for
                        identification.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Treponema
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Treponema
                           pallidum.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Gram-negative spirochete.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark
                           infections: Syphilis. Symptoms based on stage of infection.
                        Primary infection is characterized by primary lesion. Secondary
                        stage includes lesion eruption involving skin and mucous membranes
                        and features long periods of latency before late lesions of skin, bone,
                        viscera, central nervous system (CNS), and cardiovascular system.
                        Late or tertiary infection may be fatal.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Sexual
                        contact, direct contact with exudate from lesions. Blood transfusion
                        if donor is in early stages of infection. Fetal infection through
                        placental transfer at delivery.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        None.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section G: Viruses and Prions

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Identify key characteristics of viruses and prions that are commonly
                     encountered in the healthcare field.

                  
                  

               
               

            
            
            
            This topic discusses key information about a variety of
               epidemiologically significant viruses. It also covers prions.

            
            

         
         
         
         
   
      
         
         
         
         Commonly Encountered Viruses

         
         
         
         
            
            
            As is
               noted in the discussion of the taxonomy of viruses, the relationships between the
               illness that a virus causes, the morphological characteristics of the microbe, and
               the scientific name may cause some confusion. Some viral genera contain only one
               species (such as the Hepatovirus
                  genus, which contains only the hepatitis A virus) and thus may be referred
               to by the more commonly used name. Others contain multiple species that are so
               similar to one another that the distinction between them is relatively unimportant
               to an infection preventionist (such as the Marburgvirus genus, which contains two
                  species, but both of which cause viral hemorrhagic fever in humans and thus are
                  generally just referred to by the genus). Still other genera contain
               multiple species or serotypes that result in distinctive illnesses
                  (such as within the Enterovirus genus, of
                  which unique serotypes may result in specific infections and
                  syndromes).

            
            
            
            In these listings, we refer generally to the family and genus (or
               family and ubiquitous species name) and provide additional information down to the
               species or serotype level only when important distinctions exist.

            
            

         
         
         
         
         
            
            
            Adenoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Adenovirus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Non-enveloped DNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Respiratory and gastrointestinal infections.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission:
                        Direct and indirect contact.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Incubation period for respiratory disease is 2 to 14 days. Individuals
                        with weakened immune systems are at high risk for developing severe
                        illness.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Caliciviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Norovirus, also known as Norwalk-like virus. 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Non-enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Gastroenteritis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Fecal-oral, direct person-to-person contact,
                        contact with feces-contaminated food or water, droplets from
                        vomitus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Able to live in the environment for days to weeks.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Coronaviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Severe acute respiratory
                        syndrome coronavirus 2 (SARS-CoV-2, also known as COVID-19), Middle East
                        Respiratory Syndrome (MERS).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           COVID-19: Symptoms include fever or chills, cough,
                              shortness of breath or difficulty breathing, fatigue, muscle or body
                              aches, headache, new loss of taste or smell.

                           
                           

                        
                        
                        	
                           
                           
                           MERS: Symptoms include fever, cough, shortness of
                              breath.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           COVID-19: Person-to-person close contact through
                              respiratory droplets.

                           
                           

                        
                        
                        	
                           
                           
                           MERS: Like other coronaviruses, it likely spreads
                              from an infected person’s respiratory secretions, such as through
                              coughing. However, the precise way it is spread is not fully
                              known.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional
                           notes:

                     
                     
                     
                     
                        
                        	
                           
                           
                           COVID-19: Due to the recent emergence of
                              COVID-19, research is ongoing. It has an incubation period of 2
                              to 14 days and may be spread presymptomatically (up to 2 days
                              prior to the onset of symptoms) or asymptomatically. COVID-19
                              tends to be more severe in older adults and in those with
                              chronic medical issues. Vaccines and antiviral drugs are
                              available.

                           
                           

                        
                        
                        	
                           
                           
                           MERS: So far, all cases of MERS have been
                              linked to travel to or residence in countries in and near the
                              Arabian Peninsula.

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Flaviviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Dengue virus, Hepacivirus
                        (hepatitis C), West Nile virus, yellow fever virus, Zika virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: All of those listed above are enveloped RNA
                        viruses.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark
                           infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Dengue: Symptoms include fever, rash, muscle
                              and joint pain.

                           
                           

                        
                        
                        	
                           
                           
                           Hepatitis C: Symptoms include
                                 anorexia, abdominal discomfort, nausea, and vomiting.

                           
                           

                        
                        
                        	
                           
                           
                           West Nile: Symptoms include fever, arthralgia,
                              rash, encephalitis.

                           
                           

                        
                        
                        	
                           
                           
                           Yellow fever: Symptoms include sudden onset of
                              fever, slow pulse, and headache. Severe cases may include
                              intense albuminuria, jaundice, hemorrhage, hematemesis,
                              hemorrhagic fever, hepatitis, or nephritis and are often
                              fatal.

                           
                           

                        
                        
                        	
                           
                           
                           Zika: Symptoms include fever, rash, headache,
                              red eyes, joint and muscle pain. Pregnant individuals may suffer
                              spontaneous abortion, and fetal/birth defects may occur.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Dengue: Mosquito bite.

                           
                           

                        
                        
                        	
                           
                           
                           Hepatitis C: Percutaneous, parenteral, sexual
                              contact.

                           
                           

                        
                        
                        	
                           
                           
                           West Nile: Mosquito bite.

                           
                           

                        
                        
                        	
                           
                           
                           Yellow fever: Mosquito bite.

                           
                           

                        
                        
                        	
                           
                           
                           Zika: Mosquito bite, sexual contact,
                              intrauterine, intrapartum, or sexual routes.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Yellow
                        fever is a category C bioterrorism agent. Immunization is available for
                        yellow fever. Hepatitis C may lead to chronic infection.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Filoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Ebola virus, Marburg virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark
                           infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Ebola virus: Viral hemorrhagic fever (VHF).
                              Symptoms include fever, malaise, myalgia, vomiting, diarrhea,
                              internal bleeding.

                           
                           

                        
                        
                        	
                           
                           
                           Marburg virus: VHF. Symptoms include
                              sudden-onset high fever; malaise; myalgia; vomiting; diarrhea;
                              maculopapular rash; hemorrhagic diathesis; involvement of liver,
                              pancreas, kidney, CNS, and heart; leukopenia;
                              thrombocytopenia.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Ebola virus: Direct contact of broken skin and
                              mucous membranes with infected blood, organs, or secretions
                              (including urine, saliva, sweat, feces, vomit, breast milk,
                              semen); aerosols; sexual contact; contaminated syringes and
                              needles.

                           
                           

                        
                        
                        	
                           
                           
                           Marburg virus: Direct contact with infected
                              blood, secretions, organs, or semen; aerosol; contaminated
                              syringes and needles.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional
                           notes:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Ebola virus: Category A bioterrorism agent.
                              Several species within the Ebolavirus genus cause what is known as “Ebola.” Zaire ebolavirus was
                              responsible for an outbreak in 2014 to 2015, leading to the
                              development of a vaccine. Sudan
                                 ebolavirus and other ebola virus disease-causing species
                              tend to have a lower fatality rate than Zaire ebolavirus. Incubation
                              period of 2 to 21 days.

                           
                           

                        
                        
                        	
                           
                           
                           Marburg virus: Category A bioterrorism
                              agent.

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Hantaviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Hantavirus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Hemorrhagic fever with renal syndrome; hantavirus pulmonary syndrome.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission:
                        Inhalation of aerosolized rodent urine and feces.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Category C bioterrorism agent. Human infections tend to manifest in mild
                        illness, but severe disease is possible. Most of the hantaviruses that cause
                        human infections are not transmitted from person to person, although rare
                        cases of human-to-human transmission of Andes virus have been documented in
                        South America.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Hepadnaviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Hepadnavirus (hepatitis
                        B).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Enveloped DNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Hepatitis B, also known as serum hepatitis. Symptoms include anorexia,
                        abdominal discomfort, nausea and vomiting, arthralgias, rash,
                        jaundice. Can result in chronic HBsAg (hepatitis B
                           surface antigen) carrier state; leads to hepatocellular carcinoma
                           and cirrhosis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Intimate contact, perinatal
                           transfer, body excretions and secretions, percutaneous and
                        permucosal exposure, indirect contact with contaminated inanimate surface,
                        blood products.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Vaccination is available for hepatitis B. Note that only
                           individuals already infected with hepatitis B can be infected with
                           hepatitis D.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Herpesviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Herpes simplex virus (HSV), Varicella-zoster (VZV).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics:

                     
                     
                     
                     
                        
                        	
                           
                           
                           HSV: Enveloped DNA virus; types 1 and 2.

                           
                           

                        
                        
                        	
                           
                           
                           Varicella-zoster: Enveloped DNA virus.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark
                           infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           HSV: Herpes. Symptoms of HSV1 are primarily
                              cold sores and oral infections; symptoms of HSV2 are primarily
                              genital infections.

                           
                           

                        
                        
                        	
                           
                           
                           Varicella-zoster: Chickenpox and
                              shingles. Symptoms include the following:

                           
                           
                           
                           
                              
                              	
                                 
                                 
                                 Chickenpox: Rash that turns into
                                    itchy, fluid-filled blisters that eventually turn into
                                    scabs. The rash may first show up on the chest, back,
                                    and face and then spread over the entire body. Other
                                    typical symptoms may appear one to two days before the
                                    rash and include fever, tiredness, loss of appetite, and
                                    headache.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Shingles: A rash occurs in a single
                                    stripe around either the left or right side of the body.
                                    People with weakened immune systems may have
                                    disseminated shingles in which the rash is more
                                    widespread on the body and looks similar to a chickenpox
                                    rash.

                                 
                                 

                              

                           
                           

                        

                     
                     

                  
                  

               
               
               
               
                  Key Point

                  
                     
                     
                     Although both chickenpox
                        and shingles are caused by VZV, the name Varicella-zoster
                           is used when referring to chickenpox and the name Herpes zoster is
                           used when referring to shingles.

                     
                     

               
               
               
               
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           HSV: Perinatal, autoinoculation, close contact
                              with a person shedding the virus from a mucosal surface, or in
                              genital or oral secretions.

                           
                           

                        
                        
                        	
                           
                           
                           Varicella-zoster:

                           
                           
                           
                           
                              
                              	
                                 
                                 
                                 Varicella-zoster (chickenpox): Direct
                                    person-to-person contact, perinatal, inhalation of
                                    aerosols from vesicular fluid or respiratory secretions;
                                    indirect contact with articles soiled with discharges
                                    from vesicles.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Herpes zoster (shingles): If localized
                                    and patient is immunocompetent, direct contact with vesicle
                                    fluids or indirect contact with articles soiled with
                                    discharges from vesicles; if patient is immunocompromised or
                                    rash is disseminated, spread may be airborne.

                                 
                                 

                              

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:

                     
                     
                     
                     
                        
                        	
                           
                           
                           HSV: Incubation period of 2 to 12 days.

                           
                           

                        
                        
                        	
                           
                           
                           Varicella-zoster: Treatment using antiviral agents
                              is possible, and a vaccine is available for both chickenpox and
                              shingles. Other notes:

                           
                           
                           
                           
                              
                              	
                                 
                                 
                                 Chickenpox: Incubation period of 10 to 21
                                    days. After a person recovers from chickenpox, the virus
                                    lays dormant in the body and can reactivate later as
                                    shingles.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Shingles is not transmissible from person
                                    to person, but a person with shingles can transmit
                                    chickenpox to a non-immune person.

                                 
                                 

                              

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Matonaviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Rubella virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Rubella (also known as German measles).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Contact with nasopharyngeal secretions of infected
                        person, droplet, congenital.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Vaccine-preventable.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Orthomyxoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Influenza A and influenza
                        B.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Enveloped RNA virus; types A, B.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Influenza.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission:
                        Spread mainly by droplets made when people with flu cough, sneeze, or talk.
                        These droplets can land in the mouths or noses of
                           people who are nearby (usually within about six feet) or possibly be
                           inhaled into the lungs. Less often, a person might get flu by touching a
                           surface or object that has flu virus on it and then touching their own
                           mouth, nose, or possibly their eyes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        The incubation period may be two to four days. Asymptomatic and
                        presymptomatic transmission presents a major challenge with influenza;
                        the virus may be spread one day before symptoms develop and up to five
                        to seven days after a person becomes sick. Influenza A frequently
                        mutates within reservoirs, resisting eradication and necessitating
                        continually updated vaccines. The rapidly changing virus can lead to
                        pandemic conditions.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Orthopoxvirus

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Mpox (formerly known as
                        Monkeypox), Variola virus (smallpox).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Enveloped DNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Smallpox, mpox. Symptoms for smallpox include flu-like symptoms and papular
                        rash; symptoms for mpox include lymphadenopathy (this is the main
                        differentiator between smallpox and mpox), fever, headache, fatigue, and
                        papular rash.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Person-to-person, droplet or
                           airborne spread of vesicle fluids or respiratory secretions, indirect
                           contact with articles soiled with discharges from vesicles and mucous
                           membranes of persons with smallpox or mpox.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Vaccination is available for both smallpox and mpox. Mortality for
                        smallpox is 30% to 50%. Smallpox is a category A bioterrorism agent and
                        has an incubation period of 7 to 14 days.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Papillomaviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Human
                        papillomavirus (HPV).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Non-enveloped DNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        HPV. Symptoms include cutaneous and mucosal epithelium infections,
                        cutaneous warts, white patches in genital area.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Close person-to-person contact, sexual and
                        perinatal transmission.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: HPV
                        results in a predisposition to certain cancers. Typical incubation period of
                        two to three months (maximum range of one to 20 months). Vaccine
                        available.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Paramyxoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Rubeola
                        (measles) virus, mumps virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Measles (rubeola or red measles), mumps. Symptoms associated with red
                        measles include a prodromal period with coryza and conjunctivitis and
                        then a red maculopapular rash (Koplik spots) develops; symptoms
                        associated with mumps include fever, headache, fatigue, and enlarged
                        parotid glands.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Airborne; droplets; contaminated fomites. Mumps
                        may also be transmitted via direct contact with the saliva of an
                        infected person.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Both measles and mumps are vaccine-preventable via the MMR vaccine.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Picornaviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Coxsackievirus, Hepatovirus (also called hepatitis A virus,
                        or HAV), enterovirus, poliovirus, rhinovirus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Non-enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark
                           infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Coxsackievirus: Hand, foot, and mouth disease.

                           
                           

                        
                        
                        	
                           
                           
                           Hepatitis A: Hepatitis A, also known as
                              enterovirus 72 or infectious hepatitis.

                           
                           

                        
                        
                        	
                           
                           
                           Enterovirus: Enterovirus D-68 can cause acute
                              flaccid myelitis (AFM), an uncommon but serious neurologic condition
                              that mostly affects children and causes the muscles and reflexes in
                              the body to become weak.

                           
                           

                        
                        
                        	
                           
                           
                           Poliovirus: Polio, which is an infection of the
                              nervous system, commonly presenting as paralysis.

                           
                           

                        
                        
                        	
                           
                           
                           Rhinovirus: Conjunctivitis,
                                 viral meningitis, respiratory infections.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Coxsackievirus: Direct contact with secretions,
                              fecal-oral, inhalation of aerosols.

                           
                           

                        
                        
                        	
                           
                           
                           Enterovirus: Person-to-person by direct
                              contact, fomites.

                           
                           

                        
                        
                        	
                           
                           
                           Hepatitis A: Fecal-oral, ingestion of
                              contaminated food such as oysters or water, direct transmission
                              among men who have sex with men.

                           
                           

                        
                        
                        	
                           
                           
                           Poliovirus: Fecal-oral (direct), saliva, feces,
                              contaminated sewage and water (indirect).

                           
                           

                        
                        
                        	
                           
                           
                           Rhinovirus: Direct close contact, airborne
                              droplets, fomites, self-inoculation (finger to nose, finger to
                              eye).

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional
                           notes:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Coxsackievirus: Frequent outbreaks in childcare
                              centers.

                           
                           

                        
                        
                        	
                           
                           
                           Enterovirus: Enterovirus season typically runs
                              from July to October.

                           
                           

                        
                        
                        	
                           
                           
                           Hepatitis A: Vaccination is available.

                           
                           

                        
                        
                        	
                           
                           
                           Poliovirus: Vaccination is available.

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Pneumoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Human
                           metapneumovirus, respiratory syncytial virus (RSV).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Human metapneumovirus: Upper and lower respiratory
                              infections, including pneumonia.

                           
                           

                        
                        
                        	
                           
                           
                           RSV: Bronchiolitis in
                              infants and young children, pneumonia, tracheobronchitis.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Human metapneumovirus: Close personal contact and
                              contact with infected secretions.

                           
                           

                        
                        
                        	
                           
                           
                           RSV: Direct
                              contact, indirect transmission from hands for fomites. Transmission is related to the amount of virus
                                 secreted by the host. Immunocompromised persons and infants shed
                                 more of the virus and commonly serve as reservoirs.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional
                           notes:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Human metapneumovirus: More severe illness in
                              young children, people with specific comorbidities, and older
                              adults. Incubation period is three to six days.

                           
                           

                        
                        
                        	
                           
                           
                           RSV: Reinfection is common, though generally
                              more mild. Individuals may be contagious as long as four weeks
                              following infection. The incubation period is two to eight days,
                              and persons can be contagious as long as four weeks.

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Retroviridae (HIV)

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Human immunodeficiency virus
                        (HIV).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Acute retroviral symptoms, HIV, acquired immune deficiency syndrome
                        (AIDS).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Sexual contact or exposure to blood and certain
                        body fluids. Requires parenteral, broken skin, or mucous membrane
                        contact with the contaminated blood and/or body fluids. Fluids such as
                        saliva, tears, urine, and sweat are not considered a transmission risk,
                        absent the presence of blood.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: The
                        virus cannot survive for long periods outside of the body. HIV depresses
                        immunologic system function, increasing the host’s susceptibility to
                        infection by other opportunistic organisms.

                     
                     
                     
                     Transitioning through the stages of infection from
                        incubation to AIDS diagnosis ranges from less than a year to 15 years or
                        longer. Use of antiretroviral treatments can extend the asymptomatic HIV
                        infection period, restore and preserve immunologic system function, and
                        reduce viral load in the host to the extent that they are not capable of
                        transmitting HIV to partners through sex.

                     
                     
                     
                     CD4 cells (also known as CD4+ T cells) are
                        white blood cells that fight infection. CD4 cell count is an indicator of
                        immune function in patients living with HIV and one of the key determinants for the
                        need of opportunistic infection (OI) prophylaxis.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Reoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Rotavirus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Non-enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Gastroenteritis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Fecal-oral, possibly airborne, may be present in
                        contaminated water.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Occurs mostly in infants and young children. Incubation period of 24 to
                        72 hours.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Rhabdoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Rabies virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Non-enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Infection of the nervous system. Symptoms include fever, excitation,
                        excessive lacrimation and salivation, and throat spasms.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Bite or wound infected with saliva from rabid
                        animal.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Vaccine available for both animals and humans. Vaccine is given as
                        prophylaxis after exposure. One dose of immunoglobulin and four doses of
                        vaccine should be given as soon as possible after exposure.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Prions

         
         
         
         

         
         
         
         
         
            
            
            Creutzfeldt-Jakob Disease (CJD)

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Creutzfeldt-Jakob
                        disease.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism characteristics: Infectious
                        particles of abnormally folded proteins that do
                        not contain DNA or RNA.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections: Symptoms include loss of memory,
                        slurred speech, abnormal jerking movements, progressive
                        neurologicial symptoms.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Through contact with infected
                        tissue, such as transplanted organs, cerebral spinal fluid, or
                        neurologic matter; also transmitted through use of contaminated
                        medical devices and surgical equipment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Abnormally resistant to
                        normal sterilization procedures; therefore,
                        instruments used on patients with suspected prion
                        diseases require special care and alternative
                        protocols when handling. Prion diseases progress
                        rapidly and are fatal.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section
            H: Fungi and Parasites

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Identify key characteristics of fungi and parasites that are commonly
                     encountered in the healthcare field.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Commonly Encountered
            Fungi

         
         
         
         
            
            
            Commonly
               encountered fungi include the following.

            
            

         
         
         
         
         
            
            
            
               Aspergillus
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Species
                           name(s):
                         
                        Aspergillus flavus, Aspergillus
                           fumigatus, Aspergillus lentulus, Aspergillus nidulans, Aspergillus
                           niger, Aspergillus terreus.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Spore-forming mold.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pulmonary infections, sarcoidosis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Primarily
                        inhalation; other routes include contact, trauma, ingestion.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        This is ubiquitous and naturally occurring. In healthcare facilities, Aspergillus issues are most commonly
                        associated with construction and renovation processes.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Blastomyces
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Blastomyces
                           dermatitidis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Dimorphic under appropriate conditions of
                        temperature and nutrition.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pulmonary infections, clinically presenting with pulmonary lesions;
                        disseminated and systemic mycoses in immunocompromised individuals.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Inhalation; contact.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Associated with beaver dams.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Candida
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species
                           name(s): Candida auris, many others.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Yeast.

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Hallmark infections:
                        

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           C. auris: Mostly
                              HAIs from central lines—bloodstream infections, UTIs, wounds, otitis.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Others: Opportunistic infections, candidiasis, intravenous (IV) and central
                              line infections (superficial to systemic), thrush, vaginitis, skin
                              and nail infections (e.g., tinea), pulmonary disease, enteritis,
                              esophagitis, endocarditis (may be chronic in IV drug users),
                              meningitis, brain abscess, pyelonephritis, cystitis, surgical site
                              infections, fungemia.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Mode
                        of transmission is unclear. HAI may involve environmental contact,
                        contaminated medical instruments and equipment, or person-to-person
                        contact.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        There are many species within the Candida genus. C. auris, which is of particular
                        importance due to its prevalence as an HAI, demonstrates resistance to
                        all three classes of antifungal treatments.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            
               Coccidioides
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Coccidioides
                           immitis, Coccidioides posadasii.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Dimorphic.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pulmonary infections; chronic infections of skin, genitourinary (GU) tract,
                        and bone. Infections begin in the respiratory tract and spread to bone,
                        skin, meninges, joints, lymph nodes, and subcutaneous tissue.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Inhalation.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Found
                        in soil, endemic in southwestern U.S. and Central and South America.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Cryptococcus
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Cryptococcus
                           gattii, Cryptococcus luteolus, Cryptococcus neoformans, Cryptococcus
                           terreus, Cryptococcus uniguttulatus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Yeast.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pulmonary infections, nervous system, eye, sinus, ear.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Contact, inhalation.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Spore-forming yeast; naturally occurring with decay of organic matter. Common in tropics, the southern hemisphere, and in the
                           Pacific Northwest of the U.S.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Histoplasma
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Histoplasma
                           capsulatum var. capsulatum, Histoplasma capsulatum var. duboisii.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Dimorphic.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pulmonary infections, disseminated/systemic mycosis in immunocompromised patients and older
                        adults.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Inhalation, contact.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Common
                        in central U.S., Africa, Australia, and eastern Asia.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Pneumocystis
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Pneumocystis
                           carinii, Pneumocystis jirovecii.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Yeast.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pneumonia.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Airborne, person-to-person; may be acquired early
                        in life.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                           Multiple extrapulmonary sites are
                        associated with a rapidly fatal outcome.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Commonly Encountered
            Parasites

         
         
         
         
            
            
            Commonly
               encountered parasites include the following.

            
            

         
         
         
         
         
            
            
            Bedbugs

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Cimex
                           lectularius.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Bedbugs are small, reddish-brown, flattened,
                        wingless insects up to seven millimeters in length; their eggs are
                        white, measuring 0.1 centimeters in length, and have an adherent
                        coating.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Bedbug infestation; bites lead to itching and skin bumps and can lead to
                        secondary bacterial infestation.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Bedbugs can survive for several months without
                        feeding and can hide in crevices and other small recessed spaces. These
                        locations include walls, headboards, baseboards, mattress seams, areas
                        of clutter, and undersides of furniture, especially in adjoining
                        apartments, homeless shelters, and hotels.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Bedbugs feed solely on the blood of humans and other warm-blooded
                        animals, usually at night. They have not been shown to transmit serious
                        disease and are not easily spread. Exhibit 1-15 shares an image of an adult bedbug.

                     
                     
                     
                     
                        Exhibit 1-15: Adult Bedbug[image: An image of a bedbug.]
                     
                        Source: CDC
                        

                     
                     
                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Cryptosporidium
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species
                           name(s): Cryptosporidium parvum, Cryptosporidium hominis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Protozoan.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections: Gastrointestinal
                        infections. Symptoms include profuse watery diarrheal syndrome with
                        associated abdominal pain, nausea, fever, and fatigue.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Fecal-oral;
                        ingestion of contaminated fruits, vegetables, shellfish, water;
                        direct contact with infected animal or human.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Implicated in outbreaks in community swimming pools and water parks;
                        occurs mostly in children under five years of age.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Giardia
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Giardia
                           duodenalis, Giardia intestinalis, Giardia lambia.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Intestinal flagellated protozoan (single-cell).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark
                           infections: Traveler’s diarrhea. Symptoms
                        include acute diarrhea, abdominal cramps, bloating, flatulence.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Fecal-oral; ingestion of cysts in contaminated
                        water or food. Inoculum of only 10 to 100 cysts sufficient for
                        infection.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Asymptomatic carriage is common. Most common cause of
                           intestinal parasitosis worldwide; common in developing countries,
                           daycare centers, immunocompromised patients, hikers.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Pediculosis

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Pediculus
                           humans corporis (body louse), Pediculus humans capitis (head louse), Phthirus pubis (crab or pubic
                        louse).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Lice are visible (two to three millimeters long)
                        wingless parasites with three pairs of lateral legs ending in “claws.”

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Pediculus humans
                                 corporis: Body louse infestation. Body lice may transmit
                              diseases such as epidemic typhus (Rickettsia prowazekii), relapsing fever (Borrelia recurrentis), and trench
                              fever (Bartonella quintana).

                           
                           

                        
                        
                        	
                           
                           
                           Pediculus humans
                                 capitis: Head louse infestation.

                           
                           

                        
                        
                        	
                           
                           
                           Phthirus pubis:
                              Pubic lice infection.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Pediculus humans
                                 corporis: Body lice are transmitted through direct
                              contact with the louse or through contact with clothing or
                              bedding. The lice cling to clothing, especially seams. With
                              heavy infestation, eggs (nits) may attach to hairs.

                           
                           

                        
                        
                        	
                           
                           
                           Pediculus humans
                                 capitis: Head lice are transmitted through direct
                              contact with the louse or contact with personal items such as
                              hats, helmets, headset earphones, brushes, combs, or bedding.
                              Head lice die within 24 to 48 hours after leaving a host.

                           
                           

                        
                        
                        	
                           
                           
                           Phthirus
                                 pubis: Pubic lice are transmitted by direct contact with
                              the louse through close physical contact, especially sexual
                              intercourse. Transmission may also occur via clothing or
                              bedding. Transmission through other inanimate objects (e.g.,
                              toilet seats) is extremely rare because of the short life span
                              of lice apart from a human host.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Pediculosis refers to any type of louse infestation. Common symptoms
                        associated with pediculosis include itching and skin bumps. Exhibit 1-16 shares an example
                        of an adult female head louse, Exhibit 1-17 shares an example of an adult male body louse, and
                        Exhibit 1-18 shares an
                        example of an adult pubic louse.

                     
                     
                     
                     
                        Exhibit 1-16: Head Louse Example[image: An image of a head louse.]
                     
                        Source: CDC
                        

                     
                     
                     
                     
                     
                        Exhibit 1-17: Body Louse Example[image: An image of a body louse.]
                     
                        Source: CDC
                        

                     
                     
                     
                     
                     
                        Exhibit 1-18: Pubic Louse Example[image: An image of a pubic louse.]
                     
                        Source: CDC
                        

                     
                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Plasmodium
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species
                           name(s): Plasmodium falciparum, Plasmodium knowlesi, Plasmodium malariae, Plasmodium ovale, Plasmodium vivax.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Tissue protozoan (single-cell).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections: Malaria.
                        Symptoms include anemia, undulating fevers, and acute renal failure.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Mosquito
                        bite, transfusion with infected blood.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Exists in tropical and subtropical areas.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Scabies

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species
                           name(s): Sarcoptes scabiei var. hominis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Adult mites have a round body and four pairs of
                        legs measuring less than 0.5 millimeters long; females are larger than
                        males.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Scabies. Symptoms include intense itching at the site of the mite, skin
                        bumps.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Mites
                        are transmitted through direct contact with infested persons; less
                        frequently, transmission may occur through contact with clothing
                        or bedding (fomites).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: A
                        slightly different mite causes scabies in dogs (S. scabiei var. canis) and may be transmitted to
                        humans through direct contact with an infested animal. Infestation with
                        S. scabiei var. canis is self-limited in humans.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Trichomonas

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Trichomonas
                           vaginalis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Motile, flagellated protozoan with no cyst
                        stage.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Trichomoniasis. Symptoms include vaginal/cervical inflammation,
                        foul-smelling discharge, urethritis in males.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Sexually transmitted, genital secretions via
                        fomites.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Presence in minors may suggest abuse.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section I: Clinical Testing

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Use relevant diagnostic, radiologic,
                     procedural, and laboratory reports to help identify the presence of
                     infection.

                  
                  

               
               
               
               	
                  
                  
                  Describe best practices for specimen
                     collection, transportation, handling, and storage.

                  
                  

               
               
               
               	
                  
                  
                  Determine which diagnostic, radiologic,
                     procedural, and laboratory reports are relevant for confirming the existence
                     of an expected outcome or use in an outbreak investigation.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Role of Diagnostic
            Microbiology Lab in Infection Prevention

         
         
         
         
            
            
            
            The diagnostic microbiology laboratory (DML) plays a pivotal
               role in patient care by
               providing information on a variety of microorganisms—bacteria, fungi, viruses,
               parasites—with clinical significance. The primary goals of the DML are to identify
               the presence of pathogenic microorganisms in clinical samples, predict the response
               to antimicrobial therapy, and assist the infection prevention department as needed
               in epidemiological investigations. The manner in which these goals may be
               accomplished in healthcare settings may vary, but they include screening for
               infectious diseases, confirming the presence of a suspected pathogen, and diagnosing
               individuals with specific organisms to allow for targeted and focused
               treatments.

            
            
            
            A variety of methods can be used to identify
               microorganisms in clinical specimens. Methods used in the DML in the diagnosis of
               infection are as follows:

            
            
            
            
               
               
               	
                  
                  
                  Classical methods: direct smear,
                     culture, antigen detection, serological tests

                  
                  

               
               
               
               	
                  
                  
                  Molecular methods: hybridization,
                     nucleic acid amplification, real-time amplification

                  
                  

               
               
               
               	
                  
                  
                  Mass spectrometry: matrix-assisted
                     laser desorption/ionization time-of-flight (MALDI-TOF)

                  
                  

               
               

            
            
            
            The DML is an essential component of an
               effective infection prevention program. Changes in microbiological diagnostic
               techniques, such as rapid diagnosis and typing methods, have strengthened the role
               of the microbiology laboratory in infection prevention. The partnership between the
               infection preventionist and the DML medical microbiologist is crucial in combating
               healthcare-associated infections (HAIs).

            
            
            
            Often, the first step to identify microbes is
               preparation of a slide to examine the clinical sample microscopically. Another
               necessary procedure in bacteria identification is preparation of pure cultures.
               (Note that not all microbes can be visualized with a microscope nor can all be
               cultured in the hospital laboratory.) 

            
            

         
         
         
         
   
      
         
         
         
         Tests Used
            to Achieve Definitive Diagnosis

         
         
         
         
            
            
            
            Many test methods rely on a culture of the suspected pathogen.
               A microbiologic culture is a laboratory technique used to grow (cultivate) bacteria
                  and yeast. A culture of a clinical specimen can yield polymicrobial growth (more
                  than one type of bacteria cultivated in the culture), a pure culture (a single
                  bacterial strain cultivated in the culture), or no growth (no bacteria recovered
                  from the clinical specimen). 

            
            
            
            

            
            
            
            When clinically significant, the growth of cultures may be
               quantified (for example, 50,000 colony-forming units), semi-quantified (heavy
               growth), or non-quantitative (positive or negative).

            
            
            
            Tests can be grouped based on their function
               and use:

            
            
            
            
               
               
               	
                  
                  
                  Direct examination

                  
                  

               
               
               
               	
                  
                  
                  Other infectious process tests

                  
                  

               
               
               
               	
                  
                  
                  Tests that detect immunological response

                  
                  

               
               
               
               	
                  
                  
                  Molecular
                     and diagnostic

                  
                  

               
               

            
            
            
            Let’s
               examine each of these categories in more detail.

            
            

         
         
         
         
         
            
            
            Direct Examination

            
            
            
            
               
               
               
               The main direct examination methods include
                  staining, histology/cytology, and wet mount.

               
               

            
            
            
            
               
               
               Staining Methods

               
               
               
               
                  
                  
                  
                  The most common procedure conducted to directly examine a
                     clinical specimen for the presence of microorganisms (i.e., bacteria or fungi) is
                     the Gram stain. The Gram stain reaction, along with cell shape and cell arrangement,
                     can determine the type of media that should be used for culture, the appropriate
                     identification procedures, and the types of antimicrobial testing. It may help to
                     determine the quality of a specimen, initial direction for therapy (empiric), or the
                     need for isolation precautions. For example, quantifying white blood cells and
                     epithelial cells on a Gram stain differentiate sputum from saliva.

                  
                  
                  
                  The Gram stain involves a sequential staining
                     process using crystal violet, iodine, acetone/alcohol, and safranin. Differences in
                     cell wall structure influence the retention or loss of the combination of crystal
                     violet/iodine complex. For example:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Gram-positive bacteria have a thick
                           peptidoglycan cell wall (peptidoglycan is a name that indicates the chemical
                           structure of the cell wall) that does not allow the crystal violet/iodine
                           complex to be removed during the acetone/alcohol wash. Under the microscope,
                           Gram-positive organisms appear dark violet, purple, or blue.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Gram-negative bacteria contain a
                           lipopolysaccharide layer as part of their cell wall. The acetone/alcohol
                           wash disrupts this layer, and the crystal violet/iodine complex is rinsed
                           out of the cell wall. As a result, Gram-negative cells are colorless until
                           counterstained with a red dye. (Safranin is usually used.) Under the
                           microscope, Gram-negative organisms appear pink or red.

                        
                        

                     
                     

                  
                  
                  
                  Some organisms absorb an increased amount of
                     the stains and are said to have a strong avidity, whereas others are weakly stained
                     and present a pale appearance (low avidity). Examples of how these
                        organisms may appear microscopically include the following.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Gram-negative enteric pathogens (e.g.,
                           E. coli) have a strong avidity to the
                           safranin stain and are bright red.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Pseudomonads are less avid and uptake
                           only a moderate amount of safranin.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Anaerobic bacilli and other thin-walled
                           Gram-negative organisms (e.g., Borrelia, Legionella) stain weakly and appear pale red or pink.

                        
                        

                     
                     

                  
                  
                  
                  In addition to bacteria, many fungi and some
                     protozoa and helminths stain with the Gram stain process. Chlamydia, Rickettsia, Mycobacterium, and Nocardia organisms stain poorly and may
                        require special staining techniques for identification.

                  
                  
                  
                  For some of these organisms, acid-fast staining
                     may be used. This uses heat or detergents to force dye into the cell, after which
                     the cell cannot be colorized with acid-alcohol, hence the term acid-fast. Generally,
                     one of two types of acid-fast staining are employed: fluorescent (direct fluorescent
                     antibody, or DFA, or indirect fluorescent antibody, or IFA) or a nonfluorescent
                     stain (called a Kinyoun stain).

                  
                  

               
               

            
            
            
            
               
               
               Histology/Cytology

               
               
               
               
                  
                  
                  
                  Histology is the study of the microscopic
                     structure of tissues, whereas cytology is the study of the formation, structure, and
                     function of cells. Histological or cytological procedures involve gross and
                     microscopic evaluation of a specimen or tissue by a qualified pathologist. Special
                     fixing or staining techniques may be used, depending on the suspected infectious
                     process. Histological examination is useful for diagnosing infections with agents
                     that are difficult or impossible to culture. The infectious agent may be seen
                     directly in the specimen or indirectly as characteristic cell damage. Histological or cytological examination may be useful in the
                        diagnosis of actinomycosis, chlamydia, cytomegalovirus, genital herpes,
                        giardiasis, histoplasmosis, leprosy (Hansen’s disease), lymphogranuloma
                        venereum, and rubeola.

                  
                  

               
               

            
            
            
            
               
               
               Wet Mount

               
               
               
               
                  
                  
                  
                  A wet mount is the microscopic examination of
                     fresh clinical specimens. Specimens routinely collected for wet mount include sputum
                     viewed for fungal elements; stool
                     examined for larvae, adult worms, ova, cysts, or parasites;
                        cerebral spinal fluid for Cryptococcus neoformans; vaginal secretions for Trichomonas vaginalis; and urine sediment for
                        white blood cells (WBCs), bacteria, yeast, and parasites (e.g., T. vaginalis). Chemicals such as 10% potassium hydroxide (KOH), Lugol’s iodine,
                        and simple stains (e.g., Lactophenol cotton blue, calcofluor-white, India ink,
                        Loeffler’s methylene blue) are often added to the wet mount to increase
                        visibility of the infectious agent or to highlight cellular features of
                        suspected infectious agents.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Tests That Detect Immunological Response

            
            
            
            
               
               
               Tests
                  that detect immunological response may be broken into two additional
                  subclasses: antigen detection and antibody detection.

               
               

            
            
            
            
               
               
               Antigen Detection

               
               
               
               
                  
                  
                  
                  Antigens are molecular structures, usually proteins or
                     polysaccharides, that are capable of stimulating the human immune system into the
                     production of antibodies such as immunoglobulins. Antigens are not necessarily
                     limited to infectious agents but include tumor cells, transplanted tissue,
                     transfused cells, pollen, and other foreign substances.

                  
                  
                  
                  Antigen detection is a direct method to test for the presence of
                     infectious agents (i.e., antigens). These tests differ from direct specimen
                     examination in that they generally incorporate the use of immunologic or serologic
                     procedures. The tests may be helpful in early diagnosis, when cultures are not yet
                     positive or are not possible or practical. Methods are designed to detect the entire
                     agent (e.g., virus) or part of the agent (e.g., bacterial cell wall structure).
                     Several test methods may be used for antigen detection, including agglutination
                     tests, immunofluorescence, and enzyme-linked immunosorbent assay (ELISA). Serum,
                     body fluids, and other clinical specimens may be used for antigen testing.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Different serologic tests may be used to
                           ascertain different information about an individual and a
                           specific pathogen, depending on the circumstances.

                        
                        
                        
                        For instance, tests that look for
                           different specific antigens may be used for hepatitis B.
                           Results for certain antigens and antibodies may be used to
                           determine if an individual has been successfully immunized
                           from hepatitis B (based on their immune response or the lack
                           thereof). This is different from the results used to
                           determine if an individual has acute or chronic hepatitis B
                           infection. The CDC has a graphic sharing how to interpret
                           hepatitis B serologic test results, which is available in
                           the additional resources.

                        
                        

                  
                  
                  
                  Available antigen tests include, but are not limited
                     to, adenovirus, bacterial meningitis (Haemophilus
                        influenzae, Streptococcus pneumoniae, Neisseria meningitidis, group B
                     streptococcus), Brucella spp., Cryptococcus spp., hepatitis B, hepatitis D, HIV,
                     influenza virus, Legionella spp., parainfluenza
                     virus, Cryptosporidium spp., Giardia lamblia, Entamoeba histolytica, Plasmodium spp., Wuchereria bancrofti, T. vaginalis,
                     and RSV.

                  
                  

               
               

            
            
            
            
               
               
               Antibody Detection

               
               
               
               
                  
                  
                  
                  An antibody, also known as an immunoglobulin,
                     is produced against a foreign antigen by the B lymphocytes. The antibody attaches
                     to
                     the specific antigen/antigen product that the individual’s immune system has created
                     as a defense mechanism. Antibodies facilitate the body’s removal of the agent; this
                     process is referred to as humoral immunity. Once produced, antibodies circulate in
                     the blood, secretions, or lymphatic fluid. There are five classes
                        of antibodies, each with different properties and functions.

                  
                  
                  
                  Antibody detection is an indirect method of
                     identifying infection by assessment of the host response (antibody production) to
                     the invading microorganism; this sometimes is referred to as serology, serologies,
                     or immunology testing. Results may be reported qualitatively (positive or negative)
                     or quantitatively (titers) and should be interpreted in consideration of the
                     predictive value of the specific test. A positive antibody titer does not
                     necessarily indicate active infection but may represent a previous infection and
                     should be considered accordingly. Several test methods are used for antibody
                     detection, including agglutination tests, complement fixation, indirect
                     immunofluorescent-antibody (IFA), immunoblot, indirect hemagglutination (IHA),
                     bentonite flocculation (BF), and radioimmunoassay (RIA). Serum is the specimen
                     typically tested; however, other specimens may be acceptable, depending on the
                     suspected agent.

                  
                  
                  
                  A multitude of antibody tests
                     exist for detection of infection or exposure to infectious agents. Available
                     antibody assays include, but are not limited to, adenovirus, chlamydia group,
                     coxsackievirus, Cryptococcus spp.,
                     cytomegalovirus, Echinococcus,
                     encephalitis viruses (e.g., California, eastern equine, St. Louis, Venezuelan,
                     western equine, West Nile), Epstein-Barr virus, Entamoeba histolytica, select fungi, Giardia spp., Helicobacter pylori, hepatitis A, hepatitis B
                     core, hepatitis B envelope, hepatitis B surface, hepatitis C, hepatitis D, herpes
                     simplex, Histoplasma, HIV, Legionella spp., Lyme disease,
                     mumps, Pneumocystis jiroveci,
                     poliomyelitis, psittacosis, rabies, Rocky Mountain spotted fever, rubella, rubeola,
                     Salmonella spp., teichoic acid
                     (a macromolecule present on the cell wall of Gram-positive organisms), Toxoplasma, Treponema (syphilis),
                     varicella-zoster, and Yersinia
                        enterocolitica.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Molecular and Diagnostic Testing

            
            
            
            
               
               
               
               Molecular testing has had a positive effect on the diagnosis
                  of infectious diseases. The polymerase chain reaction (PCR) was the first test
                  developed using a nucleic acid amplification method and is the most widely used.
                  Other nucleic acid amplification tests (NAAT) are based on target, probe, or signal
                  amplification methods.

               
               
               
               All molecular diagnostic tests are subject to
                  false-positive results because they are sensitive to contamination from previous
                  amplification testing, another specimen, or positive control material. However, due
                  to the high sensitivity of the tests, they are useful for identifying otherwise
                  hard-to-identify diseases or specific products resulting from a specific infectious
                  agent (e.g., C. difficile toxin in
                  feces).

               
               
               
               
                  Key Point

                  
                     
                     
                     It is important to understand the difference
                        between test sensitivity and susceptibility, which may vary depending on the
                        context used.

                     
                     
                     
                     Susceptibility describes whether an identified organism is able to
                        be treated successfully using a given antimicrobial. It is often used in the
                        context of antimicrobial susceptibility testing (AST), which directly measures
                        the activity of one or more antimicrobial agents against a bacterial isolate,
                        directly detects the presence of a specific resistance mechanism in a bacterial
                        isolate, and measures complex antimicrobial-organism interactions.

                     
                     
                     
                     Sensitivity is the ability of a test or
                        other surveillance method to identify true cases.

                     
                     
                     
                     Sensitivity may also be encountered when discussing
                        an antibiogram, which summarizes typical
                        patterns of susceptibility to antibiotics by specific species of bacteria. Many
                        descriptions of antibiograms refer to patient “sensitivity” patterns, using “sensitivity” in
                        place of “susceptibility” while retaining the same intended meaning.

                     
                     

               
               
               
               The availability of tests has improved initial
                  diagnosis, disease prognosis, and monitoring of response to therapy. The largest
                  impact in initial diagnosis has been seen in clinical virology. Tests for SARS-CoV-2, enteroviral meningitis, HSV encephalitis, and
                     cytomegalovirus infections are common applications.

               
               
               
               For bacteria, the use of molecular assays is
                  limited by the need to perform antibiotic susceptibility testing on isolates. But there are multiple advantages over the traditional culture
                     method, including the ability to maintain the integrity of the nucleic acid of
                     an organism in some cases (e.g., C. trachomatis and N.
                        gonorrhoeae, in which DNA is stable on dry swabs for a week), the
                     ability to detect nucleic acid after treatment (i.e., treatment renders the
                     organism non-viable), and the ability to test smaller amounts of nucleic acid
                     due to either the small volume of the specimen or the small number of organisms
                     in the sample.

               
               

            
            

         
         
         
         
            
            
            Other Infectious Process Tests

            
            
            
            
               
               
               
               A variety of tests other than microbial,
                  serological, and molecular assays can be used to assess the body’s
                  response to infectious agents. Although most of these tests are
                  not used specifically for the diagnosis of infection, they may be
                  useful in many cases. Some of the more commonly used tests are described
                  here.

               
               

            
            
            
            
               
               
               Body Fluid Analysis

               
               
               
               
                  
                  
                  
                  When infection is suspected in a sterile body
                     fluid (e.g., pleural, peritoneal, synovial), a sample of the fluid is obtained using
                     sterile techniques for analysis of its various components and for the detection of
                     the presence of abnormal constituents that may indicate infection. Appropriate
                     collection of body fluids for analysis may include the use of a sterile
                     anticoagulant, because cells or bacteria present in the fluid can become trapped in
                     clot formations, which could lead to inaccurate results. The analysis usually
                     includes total protein, specific gravity, cell count (red and white blood cells)
                     with differential (types of WBCs present), body fluid glucose, Gram stain, and
                     culture. Microscopic examination for crystals also may be requested. Because each
                     body fluid has different “normal” levels, analysis results must be compared with the
                     normal values for that fluid. However, in general, the presence of a large number
                     of
                     white blood cells in any body fluid is an indicator of infection or acute
                     inflammation.

                  
                  

               
               

            
            
            
            
               
               
               Cold Agglutinins

               
               
               
               
                  
                  
                  
                  Cold agglutinins are antibodies that cause
                     clumping or agglutination of type O red blood cells at cold temperatures. The cold
                     agglutinins test is used to detect antibodies that result from Mycoplasma pneumoniae infection or infectious
                     mononucleosis. In combination with acute respiratory symptoms, a high cold
                     agglutinin titer usually indicates M.
                        pneumoniae infection, viral pneumonia, or primary atypical pneumonia.

                  
                  

               
               

            
            
            
            
               
               
               Cerebrospinal Fluid Analysis

               
               
               
               
                  
                  
                  
                  Although cerebrospinal fluid (CSF) can be analyzed
                     for a number of components (e.g., calcium, sodium, uric acid) for the diagnosis of
                     infection, four basic components are considered: color and clarity, protein,
                     glucose, and WBCs (including differential).

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        A couple important points associated with
                           serious illnesses involve CSF analysis.

                        
                        
                        
                        Suspected meningitis is a common reason to
                           order a CSF test. Meningococcal meningitis typically results
                           in a cloudy CSF sample, low glucose, high protein, and
                           increased WBC. Gram-negative diplococci seen on a Gram stain
                           of cerebrospinal fluid analysis requires immediate
                           initiation of droplet isolation precautions.

                        
                        
                        
                        Another
                           crucial point relating to CSF doesn’t actually require
                           knowledge of the test result for the IP to begin
                           implementing specific responses. A lab order for a 14-3-3
                           protein test on a CSF sample may indicate that the ordering
                           physician suspects Creutzfeldt-Jakob disease (CJD). If
                           encountered, the IP should confirm with the ordering
                           physician whether that is suspected, and, if so, staff
                           should be educated on the CJD-specific risks associated with
                           any procedures that are performed and equipment used on the
                           patient.

                        
                        

                  
                  

               
               

            
            
            
            
               
               
               Complete Blood Count

               
               
               
               
                  
                  
                  
                  The complete blood count (CBC) is a series of
                     tests of the peripheral blood that evaluate different cellular components. The items
                     commonly evaluated include hemoglobin, hematocrit, red blood cells (RBC), red blood
                     cell indices, WBCs, WBC differential, and platelets, and there is also a microscopic
                     examination of stained blood smears. The CBC is used as a screening tool for general
                     health assessment and to track the progress of many diseases. However, for the
                     purposes of diagnosing or monitoring infection, the WBC count and differential are
                     most useful.

                  
                  
                  
                  The WBC count is the total number of WBCs (leukocytes) in
                     one cubic millimeter (1 mm3) of peripheral blood. The WBC count has a
                     wide range of normal values, depending on personal factors such as age. An increased
                     WBC count (greater than 10,000) usually indicates infection, inflammation, or
                     leukemic neoplasia; for urinary tract infection, increased WBC counts are typically
                     accompanied by positive results for the leukocyte esterase and/or nitrite results
                     in
                     a urinalysis test.

                  
                  
                  
                  In some infections, especially
                     sepsis, the WBC count can be extremely high and may reach levels associated with
                     leukemia. This is called a leukemoid reaction. A decreased WBC count (leukopenia,
                     lower than 4,000) can occur in cases of overwhelming infection, AIDS, viral
                     hepatitis, mononucleosis, and Legionnaires’ disease.

                  
                  

               
               

            
            
            
            
            
               
               
               Urinalysis

               
               
               
               
                  
                  
                  
                  Urinalysis is a frequently used screening test to
                     assess general health as well as the health of the urinary tract. Total urinalysis
                     involves multiple routine tests and typically includes assessment of color and
                     clarity and the presence of proteins, glucose, ketones, blood, nitrite, and
                     leukocyte esterase. In addition, the urine may be examined microscopically for the
                     presence of RBCs, WBCs, casts, crystals, bacteria, or yeast. Of the many components
                     tested, only a few are used to screen for infection.

                  
                  

               
               

            
            
            
            
               
               
               X-Rays

               
               
               
               
                  
                  
                  
                  In diagnostic radiology, the scope of procedures
                     performed ranges from basic radiographs to more complex studies such as ultrasound
                     or computed tomography (CT) with varying patient contact times.

                  
                  
                  
                  Particularly with regard to detecting
                     infection, X-ray imaging of the chest is used to show potential issues including
                     fractures and issues in the lungs. This is particularly useful in the diagnosis of
                     tuberculosis (cavitation on a chest X-ray is a hallmark result for pulmonary TB),
                     which may present with nonspecific issues, and pneumonia. Results that may indicate
                     these issues will show white cloudy areas in otherwise clear lungs.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Importance
            of Specimen Collection and Transport

         
         
         
         
            
            
            
            Clinical and
               surveillance specimens are submitted to the clinical laboratory
               for quick and accurate detection of significant microbes that may
               be involved in an infectious disease process. Laboratory specialties
               for detection of clinically important and disease-causing microbes (pathogens)
               include microbiology, virology, parasitology, mycology (fungi),
               mycobacteriology, surgical pathology, and molecular diagnostics.

            
            
            
            Specimen collection
               and transport to the laboratory is an essential part of the culture
               and identification process. Improperly selected, collected, or transported
               specimens can generate misleading data that may result in inappropriate
               patient management. For example, if a urine sample is left out for
               too long, the culture will show evidence of an infection that isn’t
               actually present; as such, some laboratories require the use of
               a preservative if the sample is not sent within two hours. Improper
               specimen collection and transport is a common reason for a laboratory
               to reject a specimen.

            
            

         
         
         
         
         
            
            
            General Guidelines for Specimen Collection

            
            
            
            
               
               
               
               In general, all specimens should be collected aseptically and
                  placed in a sterile container. In some cases, specimens may be placed directly into
                  culture media (e.g., blood cultures, genital cultures).

               
               
               
               With recognition that
                  specific procedures will be institution- and test-dependent, there
                  are a handful of general guidelines that may be useful to remember
                  with regard to specimen collection.

               
               
               
               
                  
                  
                  	
                     
                     
                     Collect the material
                        from the site in which the etiologic agent will most likely be found.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Collect the specimen at the optimum time
                        (e.g., early morning sputum for acid-fast bacillus [AFB]).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Obtain cultures prior to administration
                        of antibiotics whenever possible.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Collect an adequate volume of material.
                        Inadequate amounts of specimen may yield false-negative results.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Collect the
                        specimen in a manner that minimizes or eliminates contamination from
                        indigenous flora as much as possible to ensure that the sample will be
                        representative of the infected site.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use appropriate collection devices, transport
                        media, and sterile, leak-proof containers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Clearly label the specimen, including specific
                        information regarding the site of collection (e.g., urine obtained
                        from a clean catch specimen, in and out catheter, or indwelling
                        urinary catheter), and complete the ordering process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify the specimen source and/or specific
                        site correctly so that proper processing methods and culture media
                        will be selected by the laboratory personnel.

                     
                     

                  
                  
                  
                  	
                     
                     
                     If the specimen is collected through intact
                        skin, cleanse the skin first with 70% alcohol and iodine solution
                        (e.g., povidone-iodine) or a chlorhexidine/alcohol combination.
                        If iodine is used, remove excess after the specimen has been collected.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Provide clear instructions to patients
                        if they are collecting their own specimen (e.g., clean catch urine
                        or stool) in order to obtain the best quality specimen and allay
                        their fears.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Deliver the specimen promptly to the laboratory.
                        Delay in transport may compromise the specimen.

                     
                     

                  
                  
                  
                  	
                     
                     
                     As with all patient contact episodes, consistent
                        attention must be given to hand hygiene and use of appropriate personal
                        protective equipment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use appropriate safety devices to minimize
                        the risk of accidental needlesticks, cuts, or punctures. It is advisable
                        to make sure the user is knowledgeable about how the safety device
                        works prior to its use.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Considerations for Specimens Used in Bacterial/Fungal Cultures

            
            
            
            
               
               
               No single laboratory
                  test is available that permits isolation of all possible pathogens.
                  Clinical information, such as tentative diagnosis and suspected
                  type of infection, aids in the selection of the proper media and
                  incubation conditions for the isolation of the suspected pathogens.
                  The specimen type will determine other culture requirements for
                  the suspected pathogen(s) as outlined in the facility’s laboratory
                  protocol.

               
               
               
               In order
                  for a specimen for culture to be valid, there are a few important
                  concepts to remember:

               
               
               
               
                  
                  
                  	
                     
                     
                     Specimens for bacterial and fungal culture
                        must be collected prior to initiation of antimicrobial therapy.
                        This will ensure that organisms present in the specimen are viable
                        for growth in culture.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A culture result can accurately depict the
                        infectious process only if the specimen is adequate. Laboratory
                        collection manuals provide specific specimen collection directions
                        to ensure an optimal specimen.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A sufficient quantity of specimen must
                        be submitted to ensure that all of the requested tests can be performed.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The process of splitting a specimen for
                        multiple tests must be done in a way that does not contaminate or
                        compromise the specimen prior to setting up cultures.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Rules from Clinical Laboratories

            
            
            
            
               
               
               
               As is the case with specimen collection,
                  specimen transportation, handling, and storage methods should be
                  in accordance with the rules and procedures set out by the clinical
                  laboratories. Special handling techniques may be necessary for some
                  specimens, such as those for anaerobic culture.

               
               
               
               Generally speaking,
                  prompt delivery to the laboratory is essential to prevent the death
                  of pathogenic organisms and/or the overgrowth of commensal organisms.
                  If transport is delayed, some specimens may be refrigerated (e.g.,
                  urine, stool, sputum), whereas others should be maintained at room
                  temperature.

               
               
               
               Many
                  of the rules and guidelines associated with one process (collection,
                  transportation, handling, or storage) logically apply to the others.
                  For example, if a sample must be kept below a certain temperature
                  following collection, those temperature guidelines are likely to
                  apply through the rest of the transportation, handling, and storage
                  processes. Using sterile equipment for collection logically means
                  that the sample must be protected from contamination during transportation.

               
               

            
            

         
         
         
         
            
            
            Transportation Guidelines

            
            
            
            
               
               
               
               General guidelines to follow with regard
                  to transportation (to both internal or external laboratories) include the
                  following:

               
               
               
               
                  
                  
                  	
                     
                     
                     All specimens must be promptly
                        transported to the laboratory, preferably within two hours of collection.
                        Delays (and/or exposure to extreme temperatures) compromise the test
                        results.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Specimens should be transported in a
                        container designed to ensure survival of suspected agents.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Never refrigerate spinal fluid or
                        genital, eye, or internal ear specimens because these samples may contain
                        microorganisms sensitive to temperature extremes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Materials for transport must be labeled
                        properly, packaged, and protected during transport. A transport medium can
                        be used to preserve the viability of microorganisms in clinical samples
                        (e.g., Stuart, Amies, and Carey-Blair transport media).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Use leak-proof specimen containers and
                        transport them in sealable, leak-proof plastic bags.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Never transport syringes with needles
                        attached.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Laboratories must have enforceable
                        criteria for rejection of unsuitable specimens.

                     
                     

                  
                  

               
               
               
               As evidenced by the guidelines above, the
                  quality of packaging is crucial. Because of the danger posed by some of these
                  specimens, stringent regulations apply.

               
               

            
            

         
         
   
      
         
         
         
         Section J: Antimicrobial Stewardship

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Describe the basics of multiple-drug-resistant organisms
                     (MDROs) and the threat they pose in healthcare environments.

                  
                  

               
               
               
               	
                  
                  
                  Differentiate between prophylactic,
                     empiric, and therapeutic uses of antimicrobials.

                  
                  

               
               
               
               	
                  
                  
                  Monitor and interpret antimicrobial
                     susceptibility patterns to enhance antimicrobial stewardship areas.

                  
                  

               
               
               
               	
                  
                  
                  Collaborate with interdisciplinary team
                     members on an antimicrobial stewardship plan.

                  
                  

               
               
               
               	
                  
                  
                  Describe the various types of
                     antimicrobial agents and their use.

                  
                  

               
               
               
               	
                  
                  
                  Explain how antimicrobial resistance
                     develops in an organism.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Antimicrobials

         
         
         
         
            
            
            
            The terms “antimicrobial” and “antibiotic” are
               defined as follows:

            
            
            
            
               
               An antimicrobial is a substance that inhibits or kills microbes
                  (viruses, bacteria, fungi, parasites), whereas an antibiotic is a type of antimicrobial that is
                  synthesized by a living microorganism, usually a fungus, with the aim of killing
                  bacteria (bactericidal) or preventing their multiplication (bacteriostatic).
                  Many newly marketed agents are chemically modified from products synthesized by
                  a microorganism.

               

            
            
            
            Note that antimicrobials are the only type of
               pharmaceutical therapy whose effectiveness diminishes over time and with use, due
               to
               antimicrobial resistance.

            
            
            
            Several considerations must be made when
               starting an antimicrobial, including:

            
            
            
            
               
               
               	
                  
                  
                  Infection site.

                  
                  

               
               
               
               	
                  
                  
                  Administration route.

                  
                  

               
               
               
               	
                  
                  
                  Mode of excretion of the
                     antimicrobial.

                  
                  

               
               
               
               	
                  
                  
                  Potential toxicity of the agent.

                  
                  

               
               
               
               	
                  
                  
                  Allergic history of the patient.

                  
                  

               
               
               
               	
                  
                  
                  Potential drug interactions with other
                     medications and supplements used by the patient.

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  The risks of and caused by medication
                     interactions are of the utmost importance. Healthcare providers are encouraged
                     to regularly review each patient’s medications for potential interactions and side effects.

                  
                  
                  
                  However, it’s also important to keep in mind
                     that risks due to medication interactions may be unnecessarily increased when
                     patients are on
                     medications that are not clinically necessary—due to either errant diagnosis or
                     prolonged use, beyond what is actually needed. As is the case with other
                     interventions (such as ongoing use of an indwelling Foley catheter or other
                     vascular access devices), medications for each patient should be regularly reviewed
                     to ensure that continued use is necessary.

                  
                  

            
            
            
            Antibiotic-resistant bacteria and fungi pose a
               significant hazard, and resistance has been strongly associated with antibiotic use.
               Antibiotic pressure, or selective pressure, is the influence exerted by some factor
               (such as an antibiotic) on natural selection to promote one group of organisms over
               another. In the case of antibiotic resistance, antibiotics cause selective pressure
               by killing susceptible bacteria and allowing antibiotic-resistant bacteria to
               survive and multiply.

            
            
            
            Of increasing importance across all medical fields is the risk
               caused by multiple-drug-resistant organisms (MDROs), such as Candida
                  auris. These pathogens become resistant to multiple treatment options and
               are extremely difficult to eliminate as a result.

            
            
            
            
               Key Point

               
                  
                  
                  The CDC publishes a summary of antibiotic resistance threats
                     in the United States, which is available on their website.

                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Types of Antimicrobials

         
         
         
         
            
            
            
            The major classification of antimicrobials is based
               on the broad category of microorganisms against which the drugs possess activity;
               this includes antibacterials, antivirals, antifungals, and antiparasitics. 

            
            

         
         
         
         
         
            
            
            Antibacterials

            
            
            
            
               
               
               
               Antibacterials include β-lactams (penicillins,
                  cephalosporins, and other β-lactams), fluoroquinolones, macrolides, lincosamides,
                  aminoglycosides, and miscellaneous other agents.

               
               

            
            
            
            
               
               
               Penicillins

               
               
               
               
                  
                  
                  The first major antibacterials of the
                     antibiotic era were the natural penicillins, which came into widespread use in the
                     1940s. All penicillins contain a β-lactam ring, which makes up the core structure
                     of
                     not only the natural and semisynthetic penicillins but also all cephalosporins,
                     monobactams, and carbapenems. All β-lactam drugs possess bactericidal activity by
                     inhibiting cell wall synthesis. The original penicillin, penicillin G, is a natural
                     product synthesized by the mold Penicillium.

                  
                  
                  
                  
                     
                     
                     Exhibit 1-19 summarizes
                        various types of penicillins.

                     
                     
                     
                     Exhibit 1-19: β-lactams, Class—Penicillins
                           
                           
                           
                           
                              
                              
                                 
                                 
                                    
                                    
                                    
                                    
                                    
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Subclass

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Representative
                                             Antimicrobial(s)

                                          
                                          
                                       

                                    
                                 
                                 
                                 
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Penicillins

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Penicillin
                                             G

                                          
                                          
                                          
                                          Amoxicillin

                                          
                                          
                                          
                                          Ampicillin

                                          
                                          
                                          
                                          Cloxacillin

                                          
                                          
                                          
                                          Dicloxacillin

                                          
                                          
                                          
                                          Nafcillin

                                          
                                          
                                          
                                          Piperacillin

                                          
                                          
                                          
                                          Ticarcillin

                                          
                                          
                                       

                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Penicillins
                                             plus β-lactamase inhibitors

                                          
                                          
                                       
                                       
                                       	
                                          
                                          
                                          Amoxicillin-clavulanate (Augmentin)

                                          
                                          
                                          
                                          Ampicillin-sulbactam (Unasyn)

                                          
                                          
                                          
                                          Piperacillin-tazobactam (Zosyn)

                                          
                                          
                                          
                                          Ticarcillin-clavulanate (Trimentin)

                                          
                                          
                                       

                                    
                                 

                              

                           
                           
                           
                           
                              Source: Ready Reference for Microbes, 4th
                                 edition.
                              

                           
                           

                        

                     
                     

                  

               
               

            
            
            
            
               
               
               Cephalosporins

               
               
               
               
                  
                  
                  Several generations of cephalosporins are
                     available, as shown in Exhibit 1-20. Note that antimicrobials in higher (such as fourth and fifth)
                     generations generally have more broad-spectrum activities.

                  
                  
                  
                  Exhibit 1-20: β-lactams, Class—Cephalosporins
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Subclass

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Representative
                                          Antimicrobial(s)

                                       
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       First
                                          generation

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Cefazolin
                                          (Ancef)

                                       
                                       
                                       
                                       Cephalexin
                                          (Keflex)

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Second
                                          generation

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Cefotetan

                                       
                                       
                                       
                                       Cefoxitin
                                          (Mefoxin)

                                       
                                       
                                       
                                       Cefuroxime
                                          (Zinacef)

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Third
                                          generation

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Cefoperazone
                                          (Cefobid)

                                       
                                       
                                       
                                       Cefotaxime
                                          (Claforan)

                                       
                                       
                                       
                                       Ceftazidime
                                          (Fortaz)

                                       
                                       
                                       
                                       Ceftizoxime
                                          (Cefizox)

                                       
                                       
                                       
                                       Ceftriaxone
                                          (Rocephin)

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Fourth
                                          generation

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Cefepime
                                          (Maxipime)

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Fifth
                                          generation

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Ceftaroline
                                          (Teflaro)

                                       
                                       
                                    

                                 
                              

                           

                        
                        
                        
                        
                           Source: Ready Reference for
                                 Microbes, 4th edition.
                           

                        
                        

                     

                  
                  

               
               

            
            
            
            
               
               
               Other β-Lactams

               
               
               
               
                  
                  
                  Exhibit 1-21
                        summarizes two additional classes of
                     β-lactam drugs: monobactam and carbapenems.

                  
                  
                  
                  Exhibit 1-21: β-lactams, Class—Other β-lactams
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Subclass

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Representative
                                          Antimicrobial(s)

                                       
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Monobactam

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Aztreonam
                                          (Azactam)

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Carbapenems

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Doripenem

                                       
                                       
                                       
                                       Ertapenem
                                          (Invanz)

                                       
                                       
                                       
                                       Imipenem
                                          (Primaxin)

                                       
                                       
                                       
                                       Meropenem
                                          (Merrem)

                                       
                                       
                                    

                                 
                              

                           

                        
                        
                        
                        
                           Source: Ready Reference for Microbes, 4th
                              edition.
                           

                        
                        

                     

                  
                  

               
               

            
            
            
            
               
               
               Fluoroquinolones

               
               
               
               
                  
                  
                  Fluoroquinolones are summarized in Exhibit 1-22.

                  
                  
                  
                  
                     Exhibit 1-22: Fluoroquinolones
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Representative
                                          Antimicrobial(s)

                                       
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Ciprofloxacin
                                          (Cipro)

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Moxifloxacin
                                          (Avelox)

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Levofloxacin
                                          (Levaquin)

                                       
                                       
                                    

                                 
                              

                           

                        
                        
                        
                        
                           Source: Ready Reference for Microbes, 4th
                              edition.
                           

                        
                        

                     
                  
                  

               
               

            
            
            
            
               
               
               Other Antibacterials

               
               
               
               
                  
                  
                  Exhibit 1-23
                     summarizes various other antibacterials.

                  
                  
                  
                  
                     Exhibit 1-23: Other Antibacterials
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Subclass

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Representative
                                          Antimicrobial(s)

                                       
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Aminoglycosides

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Amikacin

                                       
                                       
                                       
                                       Gentamicin

                                       
                                       
                                       
                                       Kanamycin

                                       
                                       
                                       
                                       Streptomycin

                                       
                                       
                                       
                                       Tobramycin

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Glycopeptide

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Vancomycin

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Macrolide-lincosamides

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Azithromycin
                                          (Zithromax)

                                       
                                       
                                       
                                       Clarithromycin (Biaxin)

                                       
                                       
                                       
                                       Clindamycin
                                          (Cleocin)

                                       
                                       
                                       
                                       Erythromycin

                                       
                                       
                                       
                                       Fidaxomicin
                                          (Dificid)

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Nitroimidazole

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Metronidazole
                                          (Flagyl)

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Nitrofurantoin

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Nitrofurantoin
                                          (Macrobid, Macrodantin)

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Sulfonamide-trimethoprim

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Trimethoprim/sulfamethoxazole (Bactrim)

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Tetracyclines

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Doxycycline

                                       
                                       
                                       
                                       Tetracycline

                                       
                                       
                                    

                                 
                              

                           

                        
                        
                        
                        
                           Source: Ready Reference for Microbes, 4th
                              edition.
                           

                        
                        

                     
                  
                  

               
               

            
            

         
         
         
         
            
            
            Antivirals

            
            
            
            
               
               
               
               Antivirals are available
                  for many common and life-threatening viruses. Acyclovir was the
                  first widely used antiviral drug, owing to its infrequent toxicity
                  and activity against a common family of human viruses, the Herpesviridae.
                  Acyclovir and related agents are less active against varicella-zoster
                  virus (responsible for chickenpox). Shingles, or herpes zoster,
                  is a manifestation of secondary or recurrent infection. Treatment
                  of patients with herpes zoster using acyclovir or one of its derivatives
                  may reduce the commonly seen complication of postherpetic neuralgia.

               
               
               
               Exhibit 1-24
                  summarizes miscellaneous classes and subclasses of antivirals.

               
               
               
               Exhibit 1-24: Miscellaneous Antivirals
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Class and
                                       Subclass

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Representative
                                       Antimicrobial(s)

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Herpesviridae
                                       class, herpes simplex subclass

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Acyclovir

                                    
                                    
                                    
                                    Famciclovir

                                    
                                    
                                    
                                    Foscarnet

                                    
                                    
                                    
                                    Valacyclovir

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Influenza class,
                                       influenza A and B subclasses

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Oseltamivir
                                       (Tamiflu)

                                    
                                    
                                    
                                    Peramivir

                                    
                                    
                                    
                                    Zanamivir

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Miscellaneous
                                       class, respiratory syncytial virus subclass

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Ribavirin

                                    
                                    
                                 

                              
                           

                        

                     
                     
                     
                     
                        Source: Ready Reference for Microbes, 4th
                           edition.
                        

                     
                     

                  

               
               

            
            

         
         
         
         
            
            
            Antifungals

            
            
            
            
               
               
               
               Exhibit 1-25 summarizes antifungals.

               
               
               
               
                  Exhibit 1-25: Antifungals
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Class and
                                       Subclass

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Representative
                                       Antimicrobial(s)

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Azoles class

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Fluconazole

                                    
                                    
                                    
                                    Isavuconazole

                                    
                                    
                                    
                                    Itraconazole
                                       (Sporanox)

                                    
                                    
                                    
                                    Posaconazole

                                    
                                    
                                    
                                    Voriconazole

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Polyenes class,
                                       nonlipid formulation subclass

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Amphotericin B

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Polyenes class,
                                       lipid formulations subclass

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Amphotericin B
                                       liposomal (Abelcet, AmBisome, Amphotec)

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Miscellaneous
                                       class, echinocandin subclass

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Anidulafungin

                                    
                                    
                                    
                                    Caspofungin

                                    
                                    
                                    
                                    Micafungin

                                    
                                    
                                 

                              
                           

                        

                     
                     
                     
                        Source: Ready Reference for Microbes, 4th
                           edition.
                        

                     
                     

                  
               
               

            
            

         
         
         
         
            
            
            Antiparasitics

            
            
            
            
               
               
               
               Parasitic infections are relatively
                  infrequent in the U.S but constitute many of the most common infections in the
                  world. Some antiparasitics are available in the U.S. only from the CDC. Drugs
                  such as chloroquine, primaquine, quinine, mefloquine, and doxycycline are used
                  for the treatment or prophylaxis of malaria, a protozoan infection.
                  Schistosomiasis is treated with praziquantel. The treatment of nematodes
                  (roundworms) includes ivermectin and albendazole. Finally, a class of
                  antimycobacterials exist; these agents are usually used in combination therapy
                  and not as a single-agent treatment. They include ethambutol, isoniazid,
                  pyrazinamide, rifampin, and streptomycin.

               
               

            
            

         
         
   
      
         
         
         
         Antimicrobial Agents and Mechanisms of Action

         
         
         
         
            
            
            
            Most
               antimicrobials are administered by intravenous (IV) or oral routes.
               Less common routes of administration include intramuscular, rectal,
               topical, intrathecal, intraventricular, inhalation, intraperitoneal,
               surgically implanted antimicrobial devices (e.g., orthopedic hardware,
               beads, or central lines), and antimicrobial-coated devices (e.g.,
               urinary catheters).

            
            
            
            All
               antimicrobials are bactericidal/fungicidal or bacteriostatic/fungistatic,
               based on the amount of pathogens they kill in an inoculum. We think
               of bactericidal/fungicidal agents as killing and bacteriostatic/fungistatic
               agents as arresting growth, but a more accurate understanding is
               that bactericidal/fungicidal agents kill more than 99.9% of pathogens
               while bacteriostatic/fungistatic agents kill only 90% to 99%.

            
            
            
            Antimicrobials can
               be classified by their site of mechanism of action:

            
            
            
            
               
               
               	
                  
                  
                  
                     
                        Cell wall antimicrobials
                        
                     inhibit cell
                        wall synthesis and include β-lactam (e.g., penicillin), vancomycin, and
                        echinocandin.
                     

                  
                  

               
               
               
               	
                  
                  
                  
                     
                        Cell membrane antimicrobials
                        
                     inhibit an
                        enzyme responsible for a crucial component of the cell membrane and
                        include cyclic lipopeptide (daptomycin) and triazole (fluconazole).
                     

                  
                  

               
               
               
               	
                  
                  
                  
                     
                        Ribosome antimicrobials
                        
                     inhibit
                        protein synthesis in the bacterial ribosome and include macrolide,
                        aminoglycoside, linezolid, and tracycline.
                     

                  
                  

               
               
               
               	
                  
                  
                  
                     
                        Nucleic acid synthesis antimicrobials
                        
                     inhibit
                        nucleic acid synthesis and include fluoroquinolones, antivirals
                        (acyclovir), and 5-flucytosine.
                     

                  
                  

               
               
               
               	
                  
                  
                  
                     
                        Metabolic pathway antimicrobials
                        
                     inhibit
                        production of metabolites essential for cell function and include
                        trimethoprim-sulphamethoxazole and ethambutol.
                     

                  
                  

               
               

            
            
            
            Bactericidal agents
               include β-lactams, daptomycin, fluoroquinolones, aminoglycosides,
               and polymixins. Bacteriostatic agents include sulfonamides, tetracyclines,
               and macrolides. Note that whether an antimicrobial is bactericidal
               or bacteriostatic depends on the concentration to which the microbe
               is exposed (antimicrobial action).

            
            

         
         
         
         
   
      
         
         
         
         Antimicrobial Effectiveness and Side Effects

         
         
         
         
            
            
            
            The effectiveness
               of an antimicrobial can be optimized by understanding the effect
               of varying its concentration over time in relation to the minimal inhibitory
                  concentration (MIC), which is the lowest concentration
               of a drug that can inhibit microbial growth in vitro (in the lab). The MIC
               is defined for each bacterial species or genus by the Clinical and
               Laboratory Standards Institute (CLSI, an ANSI-accredited institution).
               Related to this is the drug’s half life, or the time it takes for
               the body to metabolize half of a drug. These factors result in two
               different ways to optimize antimicrobial efficacy:

            
            
            
            
               
               
               	
                  
                  
                  Concentration-dependent
                        activity. For drugs such as aminoglycosides and fluoroquinolones,
                     achieving a higher concentration in the blood over a short time
                     is thought to be more effective at eliminating infection than maintaining
                     a lower concentration over a longer period. Also, these drugs usually
                     have a prolonged post-antibiotic effect; that is, they continue
                     to suppress microbial growth long after drug concentration has declined.
                     The goal is to maximize serum or tissue drug concentrations, which
                     often allows for once-daily dosing.

                  
                  

               
               
               
               	
                  
                  
                  Time-dependent
                        activity. Drugs such as β-lactams and vancomycin depend on maintaining drug
                     concentrations in the body above the MIC for a specified period
                     of time and thus are best dosed with lower doses at an increased
                     frequency over time.

                  
                  

               
               

            
            
            
            Two major types of side effects are allergic
               and gastrointestinal reactions. Allergic reactions such as rash,
               fever, and anaphylaxis (which is rare) may occur with virtually
               any antimicrobial. Common gastrointestinal disturbances include
               nausea, vomiting, and, because virtually all antimicrobials inhibit
               microbial growth in the large intestine, diarrhea. Most antibiotic-associated
               diarrhea is benign and resolves with cessation of the drug, but
               suppression of the anaerobic bacteria of the colon predisposes to
               infection with C.
                  difficile. Other forms of superinfection resulting from the
               suppression of normal microbial flora include vaginal candidiasis
               and oral thrush.

            
            
            
            Because
               they often go unrecognized, drug-drug interactions may be particularly
               likely to cause serious toxicity. Other types of toxicities and
               their most common manifestations include:

            
            
            
            
               
               
               	
                  
                  
                  Hepatotoxicity—elevation
                     of liver enzymes (often asymptomatic).

                  
                  

               
               
               
               	
                  
                  
                  Myelosuppression—leukopenia or thrombocytopenia.

                  
                  

               
               
               
               	
                  
                  
                  Renal toxicity—progressive decline in renal
                     function or electrolyte abnormalities.

                  
                  

               
               
               
               	
                  
                  
                  Auditory toxicity—high-frequency hearing
                     loss.

                  
                  

               
               
               
               	
                  
                  
                  Vestibular toxicity—dizziness or vertigo.

                  
                  

               
               
               
               	
                  
                  
                  Central nervous system toxicity—change
                     in mental status or seizure.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Antimicrobial
            Stewardship Programs and Antimicrobial Use Strategies

         
         
         
         
            
            
            
            
            Antimicrobial stewardship is defined as practices
               dedicated to improving and optimizing antimicrobial selection, dosage, and duration
               while minimizing patient harm.
               Antimicrobial stewardship programs
                  (ASPs) optimize the selection, dosage, and duration of antimicrobial
               treatment to produce the best clinical outcome with minimal toxicity to the
               patient.

            
            
            
            Appropriate use of antimicrobials is an ethical
               imperative because their misuse can both directly and indirectly impact others due
               to antimicrobial resistance (AMR). Inappropriate antibiotic use increases the risk
               of medication side effects, adverse events, antibiotic resistance, medication
               interactions, anaphylaxis, prolonged hospitalization, additional financial costs,
               patient duress, and mortality. The CDC estimates that over two million illnesses and
               23,000 deaths occur annually in the United States due to antimicrobial resistance.
               Appropriate antimicrobial use is also a practical imperative because the
               antimicrobial pipeline has diminished, and the need for effective therapies is
               outpacing the development of new, effective antimicrobials.

            
            
            
            Strategies other than simply new drug development
               must be stressed to curb antimicrobial resistance. Just as there has long been understanding
               of the role of IP in preventing transmission of antimicrobial resistance, there is
               an increasing awareness of the need to manage antimicrobial use in healthcare
               settings more carefully. Antimicrobial stewardship programs are important components
               of antimicrobial resistance management.

            
            
            
            
               Key Point

               
                  
                  
                  Antimicrobial stewardship is the best
                     investment for preventing the proliferation of multiple-drug-resistant pathogens
                     and the adverse events associated with the drugs used to treat such
                     pathogens.

                  
                  

            
            
            
            Antimicrobial stewardship programs may help
               reduce the legal liability of facilities as well. This can be achieved by the use
               of
               information technology along with standardized systems that ensure clear and
               consistent use of antimicrobials in the facility.

            
            
            
            In order to be effective, antimicrobial stewardship programs must
               harness the talents of all members of the healthcare team to effectively identify
               the organism, determine its susceptibility, institute any precautions required, and
               prescribe the narrowest-acting antibiotic that will destroy it. IPs play a pivotal
               role in this approach by assisting with early organism and infected patient
               identification, by promoting compliance with standard and transmission-based
               precautions and other infection prevention strategies such as care bundle practices
               and hand hygiene, and by educating staff, patients, and visitors.

            
            

         
         
         
         
         
            
            
            CDC’s Core Elements of Antibiotic Stewardship Programs

            
            
            
            
               
               
               
               The CDC has guides available highlighting core elements for
                  antibiotic stewardship in various settings, including hospitals, small and
                  critical access hospitals, outpatient clinics, and nursing homes. These
                  elements, and the definition for them as provided in “The Core Elements of
                  Hospital Antibiotic Stewardship Programs: 2019,” are in Exhibit 1-26, along with the settings in which the CDC indicates that
                  they most apply. Note that the specific definition for each core element may
                  differ slightly from guide to guide, but generally speaking, each element
                  addresses the same principal concepts.

               
               
               
               
                  Exhibit 1-26: CDC’s Core Elements
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Element

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Description

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Hospital
                                       leadership commitment

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    This means dedicating the necessary
                                       human, financial, and information technology
                                       resources.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Accountability

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    This means that leaders or co-leaders,
                                       such as a physician and a pharmacist, should be
                                       appointed and be responsible for program management and
                                       outcomes.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Pharmacy
                                       expertise

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    This means that a pharmacist should be
                                       appointed, ideally as a co-leader of the stewardship
                                       program, to lead implementation efforts to improve
                                       antibiotic use.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Action

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    This requires that interventions be
                                       implemented, such as prospective audit and feedback or
                                       preauthorization, to improve antibiotic use.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Tracking

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    This entails monitoring antibiotic
                                       prescribing, the impact of interventions, and other
                                       important outcomes like C.
                                          difficile infections and resistance
                                       patterns.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Reporting

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    This means regularly reporting
                                       information on antibiotic use and resistance to
                                       prescribers, pharmacists, nurses, and hospital
                                       leadership.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Education

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    This entails educating prescribers,
                                       pharmacists, and nurses about adverse reactions from
                                       antibiotics, antibiotic resistance, and optimal
                                       prescribing.

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               
               
               Now that we have covered the importance of
                  antimicrobial stewardship programs, let’s look at appropriate strategies for
                  healthcare settings.

               
               

            
            

         
         
         
         
            
            
            Uses of Antimicrobials

            
            
            
            
               
               
               
               Appropriate reasons for
                  antimicrobial use are categorized as prophylactic, empiric, and
                  pathogen-directed.

               
               
               
               
                  Key Point

                  
                     
                     
                     Adherence to
                        recommended IPC practices reduces the risk of disease
                        transmission. This in turn helps avoid the need for
                        antimicrobial use in the first place.

                     
                     

               
               

            
            
            
            
               
               
               Prophylactic Uses

               
               
               
               
                  
                  
                  
                  Antimicrobial use that is
                     designed to prevent infection rather than treat known or suspected infection is
                     deemed prophylactic. Surgical antimicrobial prophylaxis is the most common type, and
                     it is indicated for surgical procedures in which the risk of wound infection is high
                     enough to show significant benefit of prophylaxis (e.g., prosthetic heart valve
                     replacement). Surgical prophylaxis is commonly aimed at Staphylococcus and Streptococcus species; therefore a
                        first-generation cephalosporin (e.g., cefazolin/Ancef) is an antibiotic commonly
                        used in this situation. If the surgery is being performed in an area with
                        Gram-negative normal flora (abdomen, intestine), additional antibiotics such as
                        metronidazole will be used.

                  
                  
                  
                  Antimicrobial prophylaxis may also be used to
                     prevent endocarditis in persons with high-risk valvular lesions, spontaneous
                     bacterial peritonitis in patients with ascites, and malaria in persons traveling to
                     endemic areas. Certain types of prophylaxis are given immediately after exposure to
                     a high-risk pathogen that causes disease, such as meningococcal meningitis or
                     HIV.

                  
                  

               
               

            
            
            
            
               
               
               Empiric Uses

               
               
               
               
                  
                  
                  
                  Empiric
                        therapy involves administering an antimicrobial to a patient before
                     definitive information about a causative pathogen is available, typically because
                     the results of the culture are pending. The best available information is often used
                     to start treatment promptly because patients are typically sufficiently ill to
                     warrant treatment before culture and sensitivity results are available. Compared
                     with pathogen-directed therapy, empiric therapy is broader in spectrum due to
                     uncertainty about the causative agent.

                  
                  
                  
                  Appropriate cultures should be collected before
                     the initiation of therapy. The clinically determined site of infection (e.g., lung,
                     urinary tract) and host factors (e.g., HIV, organ transplant patient) give an
                     indication of likely pathogens and should shape the decision regarding empiric
                     therapy.

                  
                  

               
               

            
            
            
            
               
               
               Pathogen-Directed/Therapeutic Uses

               
               
               
               
                  
                  
                  
                  Pathogen-directed therapy describes
                     antimicrobial use when the microbial pathogen has been identified based on the
                     results of traditional culture, serology, or other methods, such as polymerase chain
                     reactions (PCR), to detect distinct nucleic acids of the pathogen. Minimizing the
                     cost of therapy is important whenever equivalent alternatives are available.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Broad versus narrow spectrum
                              therapy: In pathogen-directed therapy, the use of
                           the narrowest spectrum antimicrobial is believed to reduce
                           the emergence of antimicrobial resistance and
                           superinfection.

                        
                        

                  
                  
                  
                  Although therapy based on a positive nucleic
                     acid amplification (e.g., PCR) test or other nonculture diagnostic test is
                     considered pathogen-directed, susceptibility results are not available to tailor
                     therapy. To overcome this problem, a culture sometimes is performed in tandem to
                     confirm the nonculture diagnostic test result and provide an organism for
                     susceptibility testing. Whenever a nucleic acid amplification test is performed on
                     a
                     sputum sample for tuberculosis, a smear and culture should also be performed for
                     confirmation and susceptibility testing. However, the nucleic acid amplification
                     test result may be able to provide a much more rapid answer as to whether the
                     patient likely has tuberculosis, rather than having to wait the full four to six
                     weeks for Mycobacterium
                        tuberculosis culture results.

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Factors
            Affecting Antimicrobial Use Outcomes

         
         
         
         
            
            
            
            Five major factors contribute to successful
               antimicrobial therapy:

            
            
            
            
               
               
               	
                  
                  
                  Prompt institution of an appropriate
                     antimicrobial

                  
                  

               
               
               
               	
                  
                  
                  The “bug” factor: the virulence and
                     susceptibility of the infecting organism

                  
                  

               
               
               
               	
                  
                  
                  The “drug” factor: the activity of the
                     antimicrobial at a particular site of infection

                  
                  

               
               
               
               	
                  
                  
                  The “host” factor: the underlying
                     condition and immunocompetence of the patient

                  
                  

               
               
               
               	
                  
                  
                  The “site” factor: related to the fact
                     that infections at certain body sites (e.g., meninges, heart valves) are
                     inherently more difficult to treat for a variety of reasons

                  
                  

               
               

            
            
            
            Although one usually can have an impact only on
               the first factor, awareness of the remaining factors is essential for choosing the
               most appropriate antimicrobial. Selection of an antimicrobial agent that is highly
               active according to in vitro (in
               the lab) susceptibility test results is crucial. However, under some circumstances,
               this intervention alone is of limited value.

            
            
            
            In addition to choosing the most appropriate
               antimicrobial, the most appropriate dose and route of administration must be
               selected to improve the outcome. The dose must be high enough to be therapeutic
               (i.e., sufficient to inhibit or kill the organism at the site of infection) but low
               enough to minimize toxicity. In certain circumstances, host
                  factors require modification of the dose, for example:

            
            
            
            
               
               
               	
                  
                  
                  The presence of renal failure requires
                     a dose reduction of antimicrobials excreted primarily by the kidney (e.g.,
                     aminoglycosides, fluoroquinolones, trimethoprim, tetracycline, vancomycin,
                     and all β-lactams except nafcillin and ceftriaxone).

                  
                  

               
               
               
               	
                  
                  
                  Hepatic insufficiency requires a dose
                     reduction of antimicrobials excreted primarily by the liver (e.g.,
                     chloramphenicol, clindamycin, doxycycline, macrolides, metronidazole,
                     rifampin, sulfamethoxazole, ceftriaxone, nafcillin).

                  
                  

               
               
               
               	
                  
                  
                  The site of infection also may
                     influence administration of the antibiotic. In central nervous system
                     infections, the antimicrobial dose frequently needs to be increased for a
                     successful outcome, whereas lower doses are appropriate in urinary tract
                     infections.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Antimicrobial Susceptibility

         
         
         
         
            
            
            
            Antimicrobial susceptibility testing
               (AST) comprises a number of specific test types, e.g., microtiter broth dilution
               systems or agar disc diffusion test methods, plus confirmatory tests such as a
               D-test. One important test that clinical microbiologists use to help them identify
               bacteria is the Gram stain. The Gram stain separates organisms into two
               groups—Gram-positives and Gram-negatives—according to their cell structure.
               Differences in the structures of these two groups account for differences in their
               susceptibility to various antimicrobial agents.

            
            

         
         
         
         
         
            
            
            Susceptibility Pattern Interpretation

            
            
            
            
               
               
               
               In
                  microorganisms in which antimicrobial resistance is acquired (as opposed to
                  intrinsic), tests must be used to determine if an organism that has been detected
                  is
                  resistant to antimicrobial treatments. The antimicrobial susceptibility test
                  measures complex antimicrobial-organism interactions. Three levels may be
                  reported—susceptible, intermediate, and resistant.

               
               
               
               
                  
                  Susceptible (S). The drug is likely to be
                     effective for the treatment of infection using a standard dosage.

                  
                  Intermediate-susceptible (I). The drug is
                     likely to be effective only at body sites where it is physiologically
                     concentrated (e.g., the urine for most drugs) or at other body sites if
                     higher-than-usual dosing regimens are used.

                  
                  Resistant (R). The drug is unlikely to
                     be effective for the treatment of infection unless predictably toxic dosages are
                     used.

                  

               
               
               
               The AST is performed annually at a minimum for
                  the facility or a wider network or in response to a specific need.

               
               

            
            

         
         
         
         
         
            
            
            Antibiograms

            
            
            
            
               
               
               
               The results of AST may be combined into an
                  antibiogram. Antibiograms are used by clinicians, public health agencies, and others
                  to assess local susceptibility rates, guide the selection of empiric antimicrobial
                  therapy, and monitor trends of resistance over time within the facility.
                  Antibiograms assemble the AST information from samples acquired from multiple
                  patients within a defined unit. The definition of the unit depends on what entity
                  is
                  examining the data. For example, a geographic unit may be used by a health
                  department, while a specific healthcare facility may look at it at a facility
                  level.

               
               
               
               Antibiograms can be used in two main ways, for
                  clinical care and for infection prevention. For clinical care, the antibiogram helps
                  determine the best antimicrobial to use for an identified pathogen. For infection
                  prevention, it helps identify emerging resistances of pathogens identified in a
                  facility, which may warrant changing IP practices.

               
               
               
               Antibiograms should be generated and analyzed
                  only when at least 30 diagnostic isolates have been tested. They report the
                  proportion of susceptible isolates, not including intermediate susceptibility.

               
               
               
               
                  Key Point

                  
                     
                     
                     Antibiograms are primarily helpful for empiric
                        therapy—before the culture and sensitivity results are available. They are also
                        useful for detecting and monitoring trends of resistance over time and across
                        institutions.

                     
                     

               
               
               
               Exhibit 1-27 shows an example of an antibiogram.

               
               
               
               Exhibit 1-27: Antibiogram
                  
                  [image: This image shows an “Annual Antimicrobial Susceptibility Report” (antibiogram) table for an unspecified year (20XX), summarizing the percent susceptibility of various bacteria to a list of antibiotics. Go to long description for more details.]
                  
                  
                  
                     Disclaimer: This is an example only.
                        The antibiogram report results vary according to the organisms and
                        antimicrobials routinely prescribed at a specific facility.
                     

                  
                  
                  
                  
                     Go to long description.
                     

                  
                  

               
               
               
               Note how the antibiogram has sections for
                  Gram-positive and Gram-negative bacteria. It also records, in the second column, the
                  number of bacterial isolates that were tested. The rows show the percentage of the
                  tested isolates that were found to be susceptible to the given antimicrobial. For
                  example, for the Gram-positive Enterococcus faecalis, 95 isolates were tested, and of these 79%
                  showed sensitivity to vancomycin.

               
               

            
            

         
         
         
         
            
            
            Infection Preventionists’ Role with Antibiograms

            
            
            
            
               
               
               
               Infection preventionists may be involved in
                  the preparation of an antibiogram, but many laboratories produce the antibiogram
                  automatically for the facility. If the IP needs to produce the antibiogram, guidelines
                  are
                  available from the Clinical and Laboratory Standards Institute. For example, only
                  the first isolate should be tested from a patient who may have had several positive
                  cultures.

               
               
               
               
                  Key Point

                  
                     
                     
                     The aforementioned
                        requirement to base an antibiogram on at least 30
                        isolates within the reporting time frame may make it
                        necessary to combine facility information with that from
                        other healthcare facilities, such as other hospitals or
                        sister facilities, to generate an antibiogram.

                     
                     

               
               
               
               IPs should present the results of the
                  antibiogram report at least annually, sharing findings with the medical and nursing
                  staff as well as other members of the medical community who prescribe medication,
                  such as dentists, family practice doctors, and others. The laboratory, consulting
                  pharmacist, or medical provider could also do this reporting. A clinical
                  laboratory’s periodic preparation and dissemination of facility resistance patterns
                  provides IP personnel with insights into what antimicrobial classes are most
                  resistant and potentially misused. IPs can then determine the status and relative
                  effectiveness of strategies in place to reduce MDROs and antimicrobial misuse. The
                  IP strategy question to ask is “Has the resistance of this pathogen to this
                  antimicrobial changed in this facility to warrant altering our infection prevention
                  interventions?” Also, antibiograms help raise awareness of MDROs at the facility and
                  so can help promote the need for robust antibiotic stewardship.

               
               
               
               When IPs are reviewing and interpreting an
                  antibiogram, it is important to determine if there are differences in demographics
                  between the population studied in the antibiogram and those of the facility (e.g., age, race, gender). This may be the case when an
                  antibiogram was produced for an entire community or for a larger hospital network
                  of
                  which the facility is a part. Another typical situation arises in facilities with
                  an
                  emergency department. In these facilities, the trends from the emergency department
                  will usually be separated from inpatient clinic data, as the former’s data may be
                  more representative of the community while the latter’s data are representative of
                  the facility.

               
               
               
               Even when antibiogram
                  reporting is unavailable, the IP should collaborate with the laboratory staff to
                  ensure that drug-resistant organisms are rapidly identified and reported to him or
                  her and to the nursing staff. The facility should establish a real-time process in
                  which the IP has access to culture results.

               
               
               
               Analysis of antibiograms should be included
                  in the data reviewed by the quality assessment and performance improvement committee.

               
               

            
            

         
         
   
      
         
         
         
         MDROs Antimicrobial Misuse and Resistance Patterns

         
         
         
         
            
            
            
            The misuse and overuse of
               antimicrobials is considered one of the world’s most pressing public health
               problems. According to the CDC, 47 million unnecessary antibiotic prescriptions are
               written in doctor’s offices, emergency rooms, and hospital-based clinics annually
               in
               the United States alone. Widespread antimicrobial use is the main selective pressure
               responsible for increasing resistance in community and healthcare facilities. The
               end result of widespread use is loss of antibiotic effectiveness.

            
            
            
            Major mechanisms of
               antimicrobial resistance include drug inactivation, alteration in target site,
               decreased permeability or efflux, and bypass of a metabolic pathway, as shown in
               Exhibit 1-28.

            
            
            
            Exhibit 1-28: Mechanisms of Antimicrobial Resistance
               
               [image: This diagram illustrates several mechanisms of antimicrobial resistance within a bacterial cell. Go to long description for more details.]
               
               
               
                  Go to long description.
                  

               
               

            
            
            
            Let’s review these major
               cellular mechanisms of antimicrobial resistance:

            
            
            
            
               
               
               	
                  
                  
                  Drug inactivation. Drug inactivation
                     occurs when a bacterium produces an enzyme that can destroy or inactivate
                     the antimicrobial. Bacteria may produce β-lactamase enzymes that destroy
                     penicillins and cephalosporins. This is the primary mechanism of resistance
                     for ESBLs (expanded spectrum β-lactamases) that produce β-lactamases and
                     CREs (carbapenem-resistant Enterobacterales) that produce
                     carbapenemases.

                  
                  

               
               
               
               	
                  
                  
                  Altered target site. Drug receptor or
                     target binding sites may undergo alteration, as observed in
                     methicillin-resistant S.
                        aureus (MRSA) when the penicillin-binding protein (PBP) is altered
                     to PBP2a, coded for by the better-known mecA gene.

                  
                  

               
               
               
               	
                  
                  
                  Decreased permeability or efflux. Changes
                     in drug permeability or an efflux of drug may be observed, as in the case of
                     P. aeruginosa that has
                     developed resistance to the carbapenems.

                  
                  

               
               
               
               	
                  
                  
                  Bypass. Bacteria may develop alternative
                     metabolic pathways to bypass the pathway that was inhibited by the
                     antimicrobial. Resistance to trimethoprim/sulfamethoxazole commonly occurs
                     in this manner.

                  
                  

               
               

            
            
            
            Resistance develops in
               microorganisms as a result of either point mutations in existing genes or the
               acquisition of new genes.

            
            
            
            Point mutations are random
               errors that occur during DNA replication; they occur infrequently at the correct
               locations of the bacterial genome necessary to cause resistance. When point
               mutations are responsible for resistance, it usually is because they have a slight
               structural change in a drug receptor or target site.

            
            
            
            The acquisition of genes may occur
               in a few different ways:

            
            
            
            
               
               
               	
                  
                  
                  Transformation, which occurs when naked DNA in the environment,
                     possibly from dead bacteria, enters the bacterium.

                  
                  

               
               
               
               	
                  
                  
                  Conjugation, which occurs when all or part of a plasmid (a DNA
                     molecule not essential to the bacteria under some conditions) is transferred
                     from a donor cell to a recipient cell.

                  
                  

               
               
               
               	
                  
                  
                  Transduction, which occurs when bacteria DNA is transferred from a
                     donor cell to a recipient cell via a virus capable of infecting
                     bacteria.

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  No matter the method of gene transfer, it may
                     result in a variety of changes that can make the bacteria more dangerous or
                     harder to treat. For example, genes that determine antimicrobial resistance may
                     transfer from one bacterium to another, creating a strain that is resistant to
                     traditional treatment methods. Other genes may result in typically harmless
                     bacteria becoming pathogenic by transferring genes that result in toxin
                     production by the bacteria.

                  
                  

            
            
            
            Now that we know the mechanisms
               by which antimicrobial resistance develops, let’s cover the major ways that
               antimicrobials are misused, thereby creating the conditions for resistance to
               develop.

            
            

         
         
         
         
         
            
            
            Antimicrobial Misuse

            
            
            
            
               
               
               
               Misuses of antimicrobials include the
                  following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Prolonged empiric antimicrobial therapy
                        without clear evidence of infection

                     
                     

                  
                  
                  
                  	
                     
                     
                     Treating a positive clinical culture in
                        the absence of infection

                     
                     

                  
                  
                  
                  	
                     
                     
                     Failure to narrow the antimicrobial
                        therapy after a causative pathogen is identified

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prolonged prophylaxis

                     
                     

                  
                  
                  
                  	
                     
                     
                     Excessive use of certain antimicrobials
                        (For example, widespread use of fluoroquinolones has led to the
                        fluoroquinolone-resistant strain of C. difficile.)

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Societal Overuse Harm

               
               
               
               
                  
                  
                  
                  From a societal perspective,
                     overuse hinders the ability of physicians to treat certain infections. To
                     illustrate, let’s look at a few of the more recent examples of antimicrobial
                     resistance.

                  
                  
                  
                  ESBLs are found in common Gram-negative
                     bacteria, such as E. coli and K. pneumoniae, and they confer
                     resistance to all β-lactam drugs except the carbapenems. CREs are Gram-negative
                     pathogens that are resistant to most antimicrobials, including carbapenems that have
                     been useful for multiple-drug-resistant pathogens until now. The media has publicized CRE as a “superbug.” From an infection prevention
                        perspective, patients
                        with ESBL or CRE are typically placed in transmission-based precautions in
                        addition to standard precautions.

                  
                  
                  
                  Another example is
                        vancomycin-resistant S. aureus
                        (VRSA), and, unfortunately, resistance has been reported with linezolid and
                        daptomycin use. Antimicrobial stewardship is critical to preventing
                     antimicrobial prescribing habits that provide an environment conducive to such a
                     resistant pathogen.

                  
                  

               
               

            
            
            
            
               
               
               Patient Misuse Risk

               
               
               
               
                  
                  
                  
                  Inappropriate antibiotic use
                     increases the risk for medication side effects, adverse events, antibiotic
                     resistance, medication interactions, anaphylaxis, prolonged hospitalization,
                     additional financial costs, patient duress, and mortality. Examples of patient
                     misuse include:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Stopping use of an antibiotic once
                           they feel better.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Using antibiotics left over from a
                           previous illness.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Pressuring providers into writing
                           prescriptions for them.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sharing prescriptions with
                           others.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Antimicrobial Misuse Interventions

               
               
               
               
                  
                  
                  
                  The World Health Organization has produced a guide
                     outlining how to intervene to prevent antimicrobial misuse, titled
                     “Antimicrobial Stewardship Interventions: A Practical Guide.” In it, they detail
                     a variety of methods, separated into interventions prior to or at the time of
                     prescription and interventions after the prescription. These interventions are
                     listed at a high level below. For more information, see the publication.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Interventions prior to or at the
                           time of prescription:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Clinician education

                              
                              

                           
                           
                           	
                              
                              
                              Patient and public
                                 education

                              
                              

                           
                           
                           	
                              
                              
                              Institution-specific
                                 guidelines for the management of common infections

                              
                              

                           
                           
                           	
                              
                              
                              Cumulative antibiograms

                              
                              

                           
                           
                           	
                              
                              
                              Prior authorization of
                                 restricted antimicrobials

                              
                              

                           
                           
                           	
                              
                              
                              De-labeling of spurious
                                 antibiotic allergies

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Interventions after
                           prescription:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Prospective audit and
                                 feedback

                              
                              

                           
                           
                           	
                              
                              
                              Self-directed antibiotic
                                 reassessments by prescribing clinicians (antibiotic
                                 timeouts)

                              
                              

                           
                           
                           	
                              
                              
                              Antibiotic dose
                                 optimization

                              
                              

                           
                           
                           	
                              
                              
                              Antibiotic duration

                              
                              

                           

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section K: Diagnostic Stewardship and
            Communication

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Describe the importance of diagnostic stewardship.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Diagnostic Stewardship and Collaboration Tools

         
         
         
         
            
            
            
            APIC defines diagnostic stewardship as “selecting the right test
               for the right patient at the right time, to optimize clinical care.” Key points made
               in this definition include timeliness and accuracy. Microbiological data need to be
               timely to be of use in providing safe and effective patient care. This relates to the lab’s
               capacity, its workload, its level of efficiency, and the time required for the
               specific tests (e.g., growing a culture). In addition, diagnostic stewardship
               promotes proactive communication regarding expected turnaround times for both the
               preliminary and final results. The availability of lab staff to be on call to answer
               questions also relates to timeliness. Accuracy is needed in antimicrobial resistance
               surveillance data so that treatment guidelines and IPC programs can be guided by the
               best evidence. Related to accuracy is representativeness, meaning that the data
               should reasonably represent the population; for example, in a healthcare facility
               that specializes in pediatric care, data from adult or geriatric populations should
               be utilized with caution.

            
            
            
            
            
            Non-physician healthcare personnel
               (HCP) will be involved in the diagnostic stewardship process in primarily a few
               areas: determining the right microbiological tests or diagnostic tools to use,
               collecting specimens and ensuring their proper handling and transport, and analysis
               of the patient’s laboratory results by clinicians for patient treatment and by the
               surveillance team to add the results to the surveillance data.

            
            
            
            
               Key Point

               
                  
                  
                  Diagnostic stewardship goes beyond the laboratory as well. It
                     can apply to radiology and other testing performed for the purpose of making
                     treatment decisions.

                  
                  

            
            
            
            Specimen improvement involves leveraging
               diagnostic stewardship principles to enhance urine cultures, blood cultures, C. difficile testing, molecular
               detection panels, and clinical decision support models requiring the documentation
               of certain symptoms prior to testing. It is concerned with ensuring that standard
               operating procedures with clear case definitions and other local guidelines are
               followed. This includes the following:

            
            
            
            
               
               
               	
                  
                  
                  All of the necessary clinical,
                     demographic, and epidemiological data are provided for each specimen and
                     specimens are labeled correctly.

                  
                  

               
               
               
               	
                  
                  
                  Specimens are collected prior to
                     starting any empiric treatment.

                  
                  

               
               
               
               	
                  
                  
                  The specimen is high in quality; this
                     is accomplished by following relevant guidance in the areas of properly
                     trained HCP, proper collection technique, and proper tools.

                  
                  

               
               
               
               	
                  
                  
                  Specimens can be collected safely.

                  
                  

               
               
               
               	
                  
                  
                  Storage and transport of specimens is
                     done according to relevant guidance so that they remain significant and
                     clinically relevant. This includes what to do if there is a delay in
                     transport (e.g., some specimens should not be refrigerated; some require
                     preservatives such as boric acid).

                  
                  

               
               

            
            
            
            Improving how the data are used includes
               ensuring that the reports are simple and contain interpretive statements to help
               guide correct understanding. Negative test results also need to be reported. Upon
               being received at the healthcare facility, the reports need to be easy to access in
               patient files (ideally electronically) and as part of surveillance data. It is also important to ensure that the clinician uses
                  the laboratory results to shift from empiric treatment to a pathogen-directed
                  therapy. Better utilization and proper use of diagnostic tools will increase and
                  improve the data that are available for surveillance.

            
            
            
            Diagnostic stewardship
               has a primary role in laboratory processing and procedures, but
                  this is of primary interest to laboratory technicians and so is not addressed
                  here. Another aspect of diagnostic stewardship is administrative. This
               aspect focuses on ensuring that the diagnostic services have enough capacity and the
               right capabilities (including quality) while also remaining affordable.

            
            

         
         
         
         
         
            
            
            Communication

            
            
            
            
               
               
               
               Infection prevention and control programs,
                  antimicrobial stewardship programs, and diagnostic stewardship programs depend
                  on effective and efficient communication among many various individuals with
                  varied roles and from potentially distinct facilities.

               
               
               
               This is necessary as patients are often
                  transferred from one setting to another. A facility transferring an individual
                  into an acute care setting may have pertinent information regarding cultures
                  taken and tests that are in progress or complete, along with other important
                  information about the patient, such as immunocompromising factors. From acute
                  care, patients may be transferred to a rehabilitation facility or other setting,
                  such as long-term care.

               
               
               
               
                  Key Point

                  
                     
                     
                     Gaps in communication
                        during care transitions may result in increased
                        infection risk for both the patient and HCP, which may
                        lead to increased risk to other patients as well.
                        Additionally, the course of rehabilitation for patients
                        moving from acute care to rehabilitation services may be
                        impacted, resulting in discharge or readmission.
                        Therefore, the IP must have good communication with the
                        clinical referral liaison and the IPs at the referring
                        facilities.

                     
                     

               
               
               
               Communication also comes into play when
                  accepting patients from
                  emergency departments and first responders, such as firefighters or paramedics.
                  Workers in those and similar roles experience unique infection transmission risks
                  (i.e., increased risk of exposure to tuberculosis, meningitis, bloodborne pathogens)
                  and thus are of special concern when an exposure event has occurred.

               
               
               
               Even within a single facility, communication
                  is crucial between patients, HCP, and administrators. Administrators must show commitment to antimicrobial and
                  diagnostic stewardship
                  through budget plans and by being attentive to health data; in turn, they must be
                  informed of the program’s operational effectiveness and shortcomings and how those
                  can be addressed. Pharmacists, physicians, nurses, and infection preventionists
                  (among other HCP) must work in concert to monitor antimicrobial resistance and
                  ensure that the use of antimicrobials throughout the facility is appropriate.
                  Patients must be educated as well, as they must know the dangers associated with
                  stopping an antimicrobial early or otherwise misusing them and the risks that MDROs
                  pose.

               
               
               
               Nurses play a particularly crucial role
                  across the areas of interest for an IPC program, given the breadth of roles they
                  fill across the healthcare system and their presence in settings where
                  infectious disease physicians are not always available. This is especially true
                  with regard to antimicrobial stewardship, as is highlighted in a white paper
                  from the American Nurses Association and the CDC, which lists the multitude of
                  ways nurses impact and support the antimicrobial stewardship process,
                  including:

               
               
               
               
                  
                  
                  	
                     
                     
                     Early recognition of sepsis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Timely administration of
                        medication.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Monitoring for side effects
                        associated with medication.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Obtaining samples to determine
                        therapeutic levels.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Accurate surgical prophylaxis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transitioning from IV to oral
                        therapy.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Appropriate resource use.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Assessing for allergy labeling.

                     
                     

                  
                  

               
               
               
               In addition to the typical ways in which a
                  nurse impacts the stewardship process, they are also the educator and
                  communicator between the larger care team and the patient.

               
               

            
            
            
            
               
               
               Communication Tool: SBAR

               
               
               
               
                  
                  
                  
                  The
                     Situation-Background-Assessment-Recommendation (SBAR) framework is a tool for
                     communication among HCP that was adapted from a similar U.S. Navy tool by Michael
                     Leonard, Doug Bonacum, and Suzanne Graham at Kaiser Permanente of Colorado. This
                     tool can be downloaded and used by HCP for communication purposes without seeking
                     permission as long as it is not modified.

                  
                  
                  
                  The tool is for communicating among HCP about
                     patient conditions in an
                     efficient and timely fashion. However, it can be used for any critical conversation
                     requiring action, for example, communication among IPC, antimicrobial stewardship,
                     and diagnostic stewardship committees. This method is easy to use and helps to
                     quickly set expectations regarding what the conversation will be about and its
                     relative urgency.

                  
                  
                  
                  In its guidelines for implementation, the SBAR
                     tool provides advice on how to contact a physician regarding a patient—ensuring that the person making
                     the contact is prepared, such as by personally assessing the patient and their vital signs, reviewing
                     the person’s chart, knowing the date of admission and other details such as
                     information from the doctor’s progress notes or the nurses’ notes. These various
                     documents also should be at hand for the actual conversation. The person contacting
                     the physician then fills out the form and uses it when contacting the physician
                     using the physician’s preferred method (e.g., pager, call service, cell phone, home
                     phone during off hours). The tool advises not waiting more than five minutes between
                     attempts and trying different modes as needed. There should be a process in place
                     for escalating emergencies that cannot wait for the physician to respond so that
                     safe patient care remains the
                     top priority. The form is then submitted to the recipient or the contents of it are
                     verbally conveyed.

                  
                  
                  
                  Here are the four parts of an SBAR form:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Situation (S). After
                           identifying who you are, the patient (or other issue) in question, and other
                           identifying information such as unit and room number, use this area to
                           indicate the nature of the issue, when it started or occurred, and its
                           severity.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Background (B). Here you
                           identify any important background information about the patient (or other issue) that is
                           critical for the recipient’s understanding. This can include date of
                           admission, prior diagnoses, current medications, IV fluids, most recent
                           vital signs, code status, and other clinical or patient information such as
                           allergies or current and prior lab results.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Assessment (A). Here the
                           sender (e.g., a nurse) provides their personal assessment of the situation,
                           which could be one or more potential diagnoses.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Recommendation (R). Here
                           the sender indicates recommended next steps such as specific diagnostic
                           tests, transferring the patient to another care setting, or the need for a change in the
                           physician’s orders.

                        
                        

                     
                     

                  
                  
                  
                  Exhibit 1-29 shows an example of an SBAR form for a suspected UTI.

                  
                  
                  
                  
                     Exhibit 1-29: SBAR Form for Suspected UTI[image: “Suspected UTI SBAR” form with fields for patient info, vital signs, and background details (e.g., catheter, dialysis, allergies). Includes checkboxes and blanks for staff to record observations before notifying a physician.]
                  
                     Source: Agency for Healthcare
                        Research and Quality.
                     

                  
                  
                  

               
               

            
            

         
         
   
      
         
         
         Long Description Appendix

         
         
            
            This appendix provides more detailed descriptions for some of the images found in
               the text. Return to the image location in the text by clicking the link at the end
               of each description.

            
            
            
               
               Exhibit 1-1: Interacting Host Defects That Affect State of Immunosuppression
[image: An illustration of a human figure labeled “Host” with the title “State of immunosuppression.” Read long description below.]
                  
                  
                  Arrows point to the host from the following list of factors:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Defects in the cutaneous barrier

                        
                        

                     
                     
                     	
                        
                        
                        Defects in the mucous membrane

                        
                        

                     
                     
                     	
                        
                        
                        Obstructions to a natural body passage

                        
                        

                     
                     
                     	
                        
                        
                        Abnormal number or function of granulocytes

                        
                        

                     
                     
                     	
                        
                        
                        Abnormalities of cell-mediated immunity

                        
                        

                     
                     
                     	
                        
                        
                        Abnormalities of humoral immunity

                        
                        

                     
                     
                     	
                        
                        
                        Factors that affect immunity in multiple ways

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-4: Common Shapes and Organizations of Bacteria
[image: A chart showing bacterial shapes and arrangements grouped into three categories: Coccus, Rod, and Spiral. Go to long description for more details.]
                  
                  
                  Coccus (spherical bacteria): Pairs, Chains, and Clusters

                  
                  
                  
                  Rod (bacillus-shaped bacteria): Single, Diplobacillus (pair),
                     Streptobacillus (chain), and Coccobacillus (short and round-ended rods)

                  
                  
                  
                  Spiral-shaped bacteria: Spirochete (tight spiral), Vibrio
                     (comma-shaped), and Spiral (loose curve or wave)

                  
                  
                  
                  Each type is represented with a simplified illustration of the bacterial
                     arrangement and shape.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-3: Bacteria Size Compared to Human Cell Size
[image: An illustration comparing the relative sizes of various bacteria and a human cell (neutrophil), labeled with dimensions in micrometers. Go to long description for more details.]
                  
                  
                  The diagram visually contrasts bacterial cell sizes with
                     that of a human immune cell. A note at the bottom clarifies: “µm =
                     micrometer.”

                  
                  
                  
                  
                     
                     	
                        
                        Methicillin-resistant Staphylococcus aureus (MRSA): 0.5 to 1.5
                           µm

                        

                     
                     
                     	
                        
                        Streptococcus pneumoniae: 0.5 to 1.25 µm

                        

                     
                     
                     	
                        
                        Vancomycin-resistant Enterococcus (VRE): 0.6 to 2.0 µm by 0.6
                           to 2.5 µm

                        

                     
                     
                     	
                        
                        Clostridioides difficile: 3 to 4 µm

                        

                     
                     
                     	
                        
                        Legionella pneumophila: 2 to 20 µm (shown here as 10
                           µm)

                        

                     
                     
                     	
                        
                        Human cell (neutrophil): 9 to 15 µm (shown here as 9
                           µm)

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-11: Incubation Periods of Common Foodborne Illnesses
[image: A horizontal bar chart listing foodborne pathogens in the left column and symptom onset ranges across a timeline from 1 hour to 2 months after exposure. Read long description below.]
                  
                  
                  It is indicated that symptoms typically appear for a given
                     organism within the shaded time frame. Time intervals are labeled: 1 hour,
                     12 hours, 1 day, 3 days, 1 week, 1 month, and 2 months.

                  
                  
                  
                  Incubation periods for selected organisms include:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Bacillus cereus (vomiting toxin) and Staphylococcus aureus: 1–6
                           hours

                        
                        

                     
                     
                     	
                        
                        
                        Vibrio parahaemolyticus: 2–48 hours

                        
                        

                     
                     
                     	
                        
                        
                        B. cereus (diarrheal toxin) and Clostridium perfringens: 8–16
                           hours

                        
                        

                     
                     
                     	
                        
                        
                        Listeria monocytogenes (GI symptoms): 9–48 hours

                        
                        

                     
                     
                     	
                        
                        
                        Astroviruses: 10–70 hours

                        
                        

                     
                     
                     	
                        
                        
                        Noroviruses: 12–48 hours

                        
                        

                     
                     
                     	
                        
                        
                        Clostridium botulinum: 12–72 hours

                        
                        

                     
                     
                     	
                        
                        
                        Shigella spp., Trichinella spp. (GI symptoms), and Yersinia
                           enterocolitica: 1–2 days

                        
                        

                     
                     
                     	
                        
                        
                        Vibrio cholerae and Salmonella spp.: 1–3 days

                        
                        

                     
                     
                     	
                        
                        
                        Streptococcus group A: 1–4 days

                        
                        

                     
                     
                     	
                        
                        
                        E. coli (including O157:H7): 1–8 days

                        
                        

                     
                     
                     	
                        
                        
                        Cyclospora cayetanensis: 1–14 days, typically at least 1 week

                        
                        

                     
                     
                     	
                        
                        
                        Campylobacter jejuni and C. coli: 2–5 days

                        
                        

                     
                     
                     	
                        
                        
                        Cryptosporidium spp.: 2–10 days

                        
                        

                     
                     
                     	
                        
                        
                        Giardia spp.: 1–2 weeks

                        
                        

                     
                     
                     	
                        
                        
                        Brucella spp.: 1–3 weeks

                        
                        

                     
                     
                     	
                        
                        
                        Listeria monocytogenes (invasive): 2–6 weeks

                        
                        

                     
                     
                     	
                        
                        
                        Trichinella spp. (systemic): 2–8 weeks

                        
                        

                     
                     
                     	
                        
                        
                        Hepatitis A: 15–50 days, average 28 days

                        
                        

                     

                  
                  
                  
                  A blue bar next to each organism shows the time range during which symptoms
                     are most likely to appear.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-12: Symptom Duration for Common Foodborne Illnesses
[image: A bar chart showing the duration of symptoms for various foodborne pathogens. Read long description below.]
                  
                  
                  Each row includes a pathogen and a blue bar indicating when symptoms are
                     present, with a dotted section showing when symptoms typically resolve. The
                     horizontal axis shows time from symptom onset, ranging from 1 hour to 3
                     months.

                  
                  
                  
                  Key durations by pathogen:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Noroviruses: 12–60 hours

                        
                        

                     
                     
                     	
                        
                        
                        Bacillus cereus (vomiting toxin): 20–24 hours (within a day)

                        
                        

                     
                     
                     	
                        
                        
                        B. cereus (diarrheal toxin), C. perfringens, S. aureus: 1–2 days

                        
                        

                     
                     
                     	
                        
                        
                        Listeria monocytogenes (GI symptoms): 1–3 days

                        
                        

                     
                     
                     	
                        
                        
                        Vibrio parahaemolyticus: 2–5 days

                        
                        

                     
                     
                     	
                        
                        
                        Astroviruses: 2–9 days

                        
                        

                     
                     
                     	
                        
                        
                        Campylobacter jejuni and C. coli: 2–10 days

                        
                        

                     
                     
                     	
                        
                        
                        Cryptosporidium spp.: 2–14 days

                        
                        

                     
                     
                     	
                        
                        
                        Streptococcus group A: 3–4 days (within 4 days)

                        
                        

                     
                     
                     	
                        
                        
                        Vibrio cholerae: 3–7 days

                        
                        

                     
                     
                     	
                        
                        
                        Salmonella spp. and Shigella spp.: 4–7 days

                        
                        

                     
                     
                     	
                        
                        
                        E. coli (incl. O157:H7): 5–10 days

                        
                        

                     
                     
                     	
                        
                        
                        Trichinella spp. (systemic): 5–45 days

                        
                        

                     
                     
                     	
                        
                        
                        Hepatitis A: 1–2 weeks typical

                        
                        

                     
                     
                     	
                        
                        
                        Yersinia enterocolitica: 1–3 weeks

                        
                        

                     
                     
                     	
                        
                        
                        Giardia spp.: 2–6 weeks typical

                        
                        

                     
                     
                     	
                        
                        
                        Cyclospora cayetanensis: 10–12 weeks (symptoms may relapse)

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-5: Virus Size Comparison
[image: An illustration comparing the sizes of various viruses to a human neutrophil cell. Read long description below.]
                  
                  
                  All measurements are in micrometers (µm):

                  
                  
                  
                  
                     
                     	
                        
                        
                        HIV: 0.1 to 0.13 µm

                        
                        

                     
                     
                     	
                        
                        
                        Norovirus: 0.027 to 0.038 µm

                        
                        

                     
                     
                     	
                        
                        
                        Varicella-zoster: 0.15 to 0.2 µm

                        
                        

                     
                     
                     	
                        
                        
                        SARS-CoV-2: 0.07 to 0.09 µm

                        
                        

                     
                     
                     	
                        
                        
                        Influenza: 0.08 to 0.12 µm

                        
                        

                     
                     
                     	
                        
                        
                        Human cell (neutrophil): 9 to 15 µm (represented as 9 µm in
                           the image)

                        
                        

                     

                  
                  
                  
                  A large, textured cell occupies the lower right, showing the scale difference
                     between the human cell and the much smaller viruses. A note at the bottom
                     reads: “µm = micrometer.”

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-27: Antibiogram
[image: This image shows an “Annual Antimicrobial Susceptibility Report” (antibiogram) table for an unspecified year (20XX), summarizing the percent susceptibility of various bacteria to a list of antibiotics. Go to long description for more details.]
                  
                  
                  The table is divided into Gram-positive and Gram-negative
                     bacteria. Susceptibility is given as percentages for each antibiotic tested,
                     based on the first isolate per patient per year.

                  
                  
                  
                  Gram-Positive Organisms:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Staphylococcus aureus – oxacillin resistant (MRSA):

                        
                        
                        
                        
                           
                           	
                              
                              
                              1149/1926 isolates (59%)

                              
                              

                           
                           
                           	
                              
                              
                              0% susceptible to penicillin, 5% to oxacillin, 66% to
                                 erythromycin, 100% to vancomycin, 98% to TMP/SMZ

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Staphylococcus aureus – oxacillin sensitive (MSSA):

                        
                        
                        
                        
                           
                           	
                              
                              
                              777/1926 isolates (41%)

                              
                              

                           
                           
                           	
                              
                              
                              100% susceptible to penicillin and oxacillin, 60% to
                                 erythromycin, 85% to clindamycin, 100% to vancomycin, 99% to
                                 TMP/SMZ

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Coagulase-negative staph (CNS):

                        
                        
                        
                        
                           
                           	
                              
                              
                              192 isolates

                              
                              

                           
                           
                           	
                              
                              
                              31% to penicillin, 22% to oxacillin, 47% to clindamycin, 100%
                                 to vancomycin, 64% to TMP/SMZ

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Enterococcus faecium:

                        
                        
                        
                        
                           
                           	
                              
                              
                              29 isolates

                              
                              

                           
                           
                           	
                              
                              
                              28% susceptible to vancomycin, 14% to ampicillin

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        Enterococcus faecalis:

                        
                        
                        
                        
                           
                           	
                              
                              
                              95 isolates

                              
                              

                           
                           
                           	
                              
                              
                              79% to vancomycin, 93% to ampicillin

                              
                              

                           

                        
                        

                     

                  
                  
                  
                  Urine-specific susceptibility for Gram-positive:

                  
                  
                  
                  
                     
                     	
                        
                        
                        MRSA, MSSA, CNS: 99%

                        
                        

                     
                     
                     	
                        
                        
                        E. faecium: 54%

                        
                        

                     
                     
                     	
                        
                        
                        E. faecalis: 100%

                        
                        

                     

                  
                  
                  
                  Gram-Negative Organisms:

                  
                  
                  
                  
                     
                     	
                        
                        Enterobacter spp. (nonurine): 150 isolates

                        
                        
                        
                           
                           	
                              
                              
                              91% susceptible to cefepime, 35% to cefazolin, 95% to
                                 ceftriaxone, 81% to gentamicin, 95% to high-dose gentamicin,
                                 87% to tobramycin, 82% to levofloxacin, 77% to
                                 ciprofloxacin, 81% to piperacillin/tazobactam

                              
                              

                           

                        

                     
                     
                     	
                        
                        Enterobacter spp. (urine): 197 isolates

                        
                        
                        
                           
                           	
                              
                              
                              82% to cefepime, 96% to ceftriaxone, 83% to gentamicin, 95%
                                 to high-dose gentamicin, 79% to levofloxacin, 71% to
                                 nitrofurantoin

                              
                              

                           

                        

                     
                     
                     	
                        
                        Klebsiella spp. (nonurine): 193 isolates

                        
                        
                        
                           
                           	
                              
                              
                              88% to cefepime, 63% to cefazolin, 72% to ceftriaxone, 95% to
                                 gentamicin, 84% to high-dose gentamicin, 98% to tobramycin,
                                 96% to levofloxacin, 90% to ciprofloxacin, 83% to imipenem,
                                 85% to piperacillin/tazobactam, 100% to amikacin

                              
                              

                           

                        

                     
                     
                     	
                        
                        Klebsiella spp. (urine): 682 isolates

                        
                        
                        
                           
                           	
                              
                              
                              89% to cefepime, 78% to cefazolin, 96% to ceftriaxone, 94% to
                                 gentamicin, 98% to high-dose gentamicin, 91% to
                                 levofloxacin, 85% to nitrofurantoin, 89% to
                                 amoxicillin/clavulanic acid

                              
                              

                           

                        

                     
                     
                     	
                        
                        Escherichia coli (nonurine): 301 isolates

                        
                        
                        
                           
                           	
                              
                              
                              83% to cefepime, 54% to cefazolin, 58% to ceftriaxone, 87% to
                                 gentamicin, 99% to high-dose gentamicin, 95% to tobramycin,
                                 93% to levofloxacin, 94% to ciprofloxacin, 81% to
                                 piperacillin/tazobactam, 98% to amikacin, 97% to
                                 amoxicillin/clavulanic acid

                              
                              

                           

                        

                     
                     
                     	
                        
                        Escherichia coli (urine): 3359 isolates

                        
                        
                        
                           
                           	
                              
                              
                              83% to cefepime, 60% to cefazolin, 94% to ceftriaxone, 100%
                                 to gentamicin, 99% to high-dose gentamicin, 95% to
                                 tobramycin, 88% to levofloxacin, 98% to amikacin, 87% to
                                 amoxicillin/clavulanic acid, 98% to nitrofurantoin

                              
                              

                           

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-28: Mechanisms of Antimicrobial Resistance
[image: This diagram illustrates several mechanisms of antimicrobial resistance within a bacterial cell. Read long description below.]
                  
                  
                  The diagram shows green antimicrobial agents attempting to target the
                     bacterium, with multiple resistance strategies labeled:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Decreased permeability or efflux: Antimicrobial agents are shown
                           being pumped out or blocked from entering the cell.

                        
                        

                     
                     
                     	
                        
                        
                        Bypass: The bacterium circumvents the blocked pathway or process
                           targeted by the drug.

                        
                        

                     
                     
                     	
                        
                        
                        Drug inactivation: An antimicrobial agent is destroyed or deactivated
                           before reaching its target.

                        
                        

                     
                     
                     	
                        
                        
                        Altered target site: The drug’s target is structurally changed so
                           that the antimicrobial agent can no longer bind.

                        
                        

                     
                     
                     	
                        
                        
                        Genetic encoding of resistance: DNA and plasmids within the bacterial
                           cell represent the genetic instructions that produce resistance
                           traits.

                        
                        

                     

                  
                  
               
               Go to image in text.
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