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         Module 2: Microbiology, Epidemiology, and Normal Aging
            Processes

         
         
         
         
            
            
            This module sets the foundations for understanding the complex interactions between
               microorganisms and the human body, especially in the context of LTC facilities.
               First we look at how the immune system works and how infection occurs. We then move
               on to the basics of microbiology, discussing the important details surrounding
               bacteria, viruses, fungi, and parasites. The rest of the module covers the basic
               principles of epidemiology and the process to mitigate transmission of pathogenic
               organisms.

            
            

         
         
         
         
   
      
         
         
         
         Section A: Infection and Aging

         
         
         
         
            
            
            
               After completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Describe changes that occur as humans age with regard to both physical
                     function and immune system capabilities.

                  
                  

               
               
               
               	
                  
                  
                  Understand the various major components of the immune systems.

                  
                  

               
               
               
               	
                  
                  
                  Use key terminology to describe disease transmission characteristics.

                  
                  

               
               
               
               	
                  
                  
                  Describe the dangers posed by antimicrobial use, including drug
                     interaction.

                  
                  

               
               
               
               	
                  
                  
                  Understand the importance of nutrition to immune system function.

                  
                  

               
               
               
               	
                  
                  
                  Describe how specific nutrients influence immune system function.

                  
                  

               
               
               
               	
                  
                  
                  Differentiate between the disease processes for major body systems.

                  
                  

               
               

            
            
            
            The aging process presents many challenges to immune system function, including in
               regard to defenses to infection and how the system responds when infection
               occurs.

            
            

         
         
         
         
   
      
         
         
         
         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.

            
            

         
         
         
         
         
            
            
            Healthcare-Associated Infections

            
            
            
            
               
               
               
               
               Healthcare-associated outbreaks
                  often have multiple causes, but almost all are due to one or more of the following:
                  lapses in infection prevention or clinical practices, colonization or infection of
                  healthcare personnel, or defects in or contamination of a product, device, or
                  environmental surface, either at the time of production (intrinsic contamination)
                  or
                  during use (extrinsic contamination). Outbreaks in healthcare settings may also be
                  caused by visitors who have, or are harboring, an infectious disease (e.g.,
                  influenza or tuberculosis).

               
               

            
            

         
         
         
   
      
         
         
         
         Infectivity, Pathogenicity, and Virulence

         
         
         
         
            
            
            
            Infectivity is the ability of an infectious agent
               to invade, survive in, and multiply in a host. It may be expressed as follows:

            
            
            
            [image: An equation: Infectivity = Number of infected divided by Number of exposed.]
            
            
            
            
            Pathogenicity refers to ability of an infectious
               agent to cause clinically apparent disease in infected hosts. It may be expressed
               as
               follows:

            
            
            
            [image: An equation: Pathogenicity = Number of diseased divided by Number of infected.]
            
            
            
            
            Virulence is the degree of pathogenicity of an
               infectious agent. To describe it without relying on the above definition of
               pathogenicity, it may also be understood as the measure of a microbe’s ability to
               invade and create disease in a host, determined by characteristics that relate to
               the favored site of invasion, disease induction, and avoidance of host resistance.
               It may be expressed as follows:

            
            
            
            [image: Two equations for Virulence: (1) Number of severe cases divided by Total number of cases and (2) Number of deaths divided by Number of cases.]
            
            
            
            
            There are several components of virulence that impact an organism’s ability to infect
               individuals and cause disease.

            
            
            
            The first is how well the organism is able to survive the external environment when
               transiting between two hosts. This may be influenced by the specific makeup of cells
               and the capabilities of the organism. For example, some organisms are better suited
               to survive in either wet or dry conditions or may be able to use spores or
               endospores to survive hostile environments.

            
            
            
            The second element is how the organism is transmitted from one host to another. This
               may involve, among other methods:

            
            
            
            
               
               
               	
                  
                  
                  Insect vectors that inject material from salivary glands or defecate into
                     sites of penetration of host skin.

                  
                  

               
               
               
               	
                  
                  
                  Survival on environmental surfaces.

                  
                  

               
               
               
               	
                  
                  
                  Motile bacteria that travel through fluid, including, for instance, up a
                     flowing stream of urine.

                  
                  

               
               

            
            
            
            No matter which method of transmission is used, once the microorganism reaches a
               favorable site, it must adhere to the structure in order to initiate an infection.
               Electrostatic negative charges on most bacteria favor adherence to human cells, and
               specific adhesins on bacterial surfaces favor attachment to sites of infection.

            
            
            
            Each step is followed by conformational changes in the virus coat or capsid to
               facilitate the next step. The binding of bacteria to foreign bodies, such as
               intravenous or indwelling urinary catheters, often involves a bacteria-secreted
               glycocalyx or formation of biofilms. Encapsulation also gives bacteria enhanced
               ability for surface attachment.

            
            
            
            Following successful attachment, the pathogen must be able to proliferate. Once
               proliferation has taken place locally, the same factors that increase virulence
               favor continued invasion and dissemination beyond the local site. In addition, other
               factors that help the organism evade immune response contribute to increased spread
               throughout the host system. These may include:

            
            
            
            
               
               
               	
                  
                  
                  A rigid cell wall, which is a physical barrier to host defenses.

                  
                  

               
               
               
               	
                  
                  
                  Cell surface components, other than capsules, that inhibit phagocytosis.

                  
                  

               
               
               
               	
                  
                  
                  The ability to alter its cell surface antigens and thus avoid host-created
                     specific antibodies.

                  
                  

               
               
               
               	
                  
                  
                  Deterrents to intracellular killing after phagocytosis.

                  
                  

               
               

            
            
            
            Certain bacteria also have the ability to produce exotoxins, which may greatly
               enhance virulence.

            
            

         
         
         
         
   
      
         
         
         
         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.

                  
                  
                  
                  
                  
                  
                  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 resident 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 resident 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.

            
            

         
         
         
         
   
      
         
         
         
         Common Health Conditions

         
         
         
         
            
            
            
            Age-associated changes
               are multifactorial; they include changes in all major systems of the body that
               contribute to the risk for infection. The diminished immune response may be referred
               to as immunosenescence. One example of this is the natural decrease in the number
               and availability of certain white blood cells, which reduces the ability of the body
               to fight off infections.

            
            
            
            That being said, there is a set of common health conditions that are most commonly
               reported for older adults today (listed in descending order):

            
            
            
            
               
               
               	
                  
                  
                  Hypertension

                  
                  

               
               
               
               	
                  
                  
                  Arthritis

                  
                  

               
               
               
               	
                  
                  
                  Heart disease (all types)

                  
                  

               
               
               
               	
                  
                  
                  Cancer (any type)

                  
                  

               
               
               
               	
                  
                  
                  Diabetes

                  
                  

               
               

            
            
            
            All of the above health conditions are chronic, degenerative diseases, which reflects
               a shift from the historical prevalence of infectious diseases and acute illnesses
               in
               adults. A 2003 Centers for Disease Control and ion study indicated that
               approximately 80% of older Americans were living with at least one chronic condition
               such as those listed above.

            
            

         
         
         
         
         
            
            
            Complicating Factors

            
            
            
            
               
               
               
               Complications that affect elderly individuals are numerous
                  and wide-ranging. In addition to the presence of co-morbid illnesses, including
                  chronic and/or degenerative diseases, other changes also lead to complications and
                  poorer outcomes for the elderly. Among the physical changes that lead to more
                  drastic consequences for the elderly are:

               
               
               
               
                  
                  
                  	
                     
                     
                     Atypical disease presentation, delaying diagnosis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Faltering immune system function.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reduced response to vaccines.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Thinning skin.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Glandular secretion reduction.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Decreased cough reflex.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Decreased tear production.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Increased frequency of therapeutic toxicity.

                     
                     

                  
                  

               
               
               
               Additionally, increased infection risk in elderly individuals may also be due to
                  conditions and factors such as:

               
               
               
               
                  
                  
                  	
                     
                     
                     Incontinence.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Poor hygiene.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Aspiration.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Behaviors related to dementia.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Breaks in the skin and wounds.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Dependence upon others for hygiene.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Increased use of catheters.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Decreased nutrient or fluid intake.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Nutritional choices due to changes in smell and taste.

                     
                     

                  
                  

               
               
               
               These factors all can increase the chances for antigens to enter the body and/or
                  decrease the immune system’s abilities to otherwise prevent invasion or respond to
                  infection. The effect of this is a net increase in susceptibility to infection.

               
               
               
               Additionally, the prevalence of poverty in older adults causes complications, as
                  preventive care and prompt response to infections may be less likely.

               
               
               
               
                  Key Point

                  
                     
                     
                     Attention must be paid to how these
                        complicating factors may compound and lead to or exacerbate each other.

                     
                     
                     
                     For example, thinner skin may combine with
                        poor hygiene practices to lead to increased breakage of the skin. Another
                        example could take the form of dependence upon others for hygiene leading to
                        increased exposure to pathogens, which leads to increased infections and more
                        serious infections as a result of faltering immune system function and reduced
                        response to vaccines.

                     
                     

               
               

            
            

         
         
         
         
         
            
            
            Use of Medications and Antimicrobials

            
            
            
            
               
               
               
               The aging process creates
                  additional complications in regard to the use of medications and antimicrobials. The
                  CDC defines an antimicrobial as
                  follows:

               
               
               
               
                  
                  A substance, such as an antibiotic, that kills or stops the growth of microbes,
                     including bacteria, fungi, or viruses. Antimicrobials are grouped according to
                     the microbes they act against (antibiotics, antifungals, and antivirals).

                  

               
               
               
               Renal and hepatic function must be assessed before introducing a
                  new antimicrobial. Additional considerations include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Infection site.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Administration route.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Mode of excretion of the antimicrobial.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Potential toxicity of the agent.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Allergic history of the resident.

                     
                     

                  
                  

               
               
               
               
                  Key Point

                  
                     
                     
                     Physiological changes associated with aging
                        may lead to effects from antimicrobials in many ways. How well the body absorbs,
                        metabolizes, and later eliminates antimicrobials may change; the toxicity of the
                        antimicrobials may also be affected (potentially as a result of the changes in
                        absorption and elimination processes).

                     
                     

               
               
               
               Yet another concern with medication and antimicrobial use arises with certain classes
                  of medications including steroids and immunosuppressants, which are likely to
                  promote an increased frequency or severity of infection.

               
               
               
               Antibiotic-resistant bacteria 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 methicillin-resistant Staphylococcus
                     aureus (MRSA). These pathogens become resistant to multiple treatment
                  options and are extremely difficult to eliminate as a result.

               
               
               
               
                  Key Point

                  
                     
                     
                     Elderly and disabled residents are at
                        increased risk for colonization with resistant organisms, and colonization may
                        persist for long periods (i.e., months to years). Residency in long-term care
                        facilities or institutionalization has been identified as a risk factor for
                        transmission of MDROs; outbreaks or transmission of MDROs may occur within a
                        facility. Both infected and colonized residents may serve as sources for the
                        spread of MDROs. When MDROs become endemic in a facility, elimination is highly
                        unlikely. Effective infection prevention and control programs, such as
                        antimicrobial stewardship, may limit the frequency and morbidity of outbreaks of
                        infections in LTC facilities.

                     
                     

               
               

            
            
            
            
               
               
               Drug Interaction Risks

               
               
               
               
                  
                  
                  
                  Due to the
                     prevalence of co-morbid infections and conditions, elderly residents may be more
                     likely to use multiple pharmacological agents, which leads to a high risk of drug
                     interactions.

                  
                  
                  
                  Estimates state that the average elderly patient uses four to five medications on
                     a
                     daily basis. Each additional medication increases the risk of adverse reaction
                     between medications. The use of two drugs increases the risk by 6%. This risk
                     increases to 50% when five different medications are taken and to 100% when eight
                     or
                     more medications are taken (meaning, with certainty, that there will be an adverse
                     reaction when eight or more medications are taken).

                  
                  
                  
                  These risk factors increase the observed rate of adverse drug reactions in elderly
                     residents, as compared to young adults under the age of 30, by two to three
                     times.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        The risk of and the risks caused by medication
                           interactions are of the utmost importance, regardless of age. 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 also be unnecessarily increased
                           when residents 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 resident should
                           be regularly reviewed to ensure that continued use is necessary.

                        
                        

                  
                  

               
               

            
            
            

         
         
         
   
      
         
         
         
         Malnutrition Prevalence, Causes, and Effects on Immune
            Function

         
         
         
         
            
            
            
            Malnutrition is an imbalance of nutrients or stores
               compared to physiological requirements. The imbalance may arise due to reduced
               intake, absorption, or utilization of either macronutrients or micronutrients.

            
            
            
            
               Key Point

               
                  
                  
                  The traditional
                     understanding of malnutrition focuses on the results of chronic inadequate
                     intake of nutrients, leading to severe weight loss, altered immune system
                     function, and other effects. This is sometimes referred to as undernutrition. It may also be called protein-energy
                     malnutrition (PEM).

                  
                  
                  
                  However, obesity is a
                     major concern both in the U.S. and globally, and it can also alter immune
                     responses and outcomes. Thus, it is important to consider the effects of
                     malnutrition in both cases. Malnutrition that leads to individuals being
                     overweight or obese may be called overnutrition.

                  
                  

            
            
            
            Malnutrition (specifically undernutrition) is more common in elderly persons than
               in
               non-elderly persons, and undernutrition is the more prevalent form of malnutrition
               in the elderly population. Undernutrition is also more common among the
               institutionalized, some ethnic minorities, and those of lower socioeconomic
               status.

            
            
            
            The prevalence of undernutrition may be even higher for elderly individuals in LTC
               facilities than for those in non-LTC facility settings; reports indicate that
               undernutrition may occur in as much as 37% of the population in LTC facilities.

            
            
            
            Potential causes for malnutrition in the elderly include the following:

            
            
            
            
               
               
               	
                  
                  
                  Those that limit the desire to eat:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Changes in the oral cavity, including tooth loss

                        
                        

                     
                     
                     	
                        
                        
                        Diminished saliva production

                        
                        

                     
                     
                     	
                        
                        
                        Difficulty chewing

                        
                        

                     
                     
                     	
                        
                        
                        Difficulty swallowing (dysphagia)

                        
                        

                     
                     
                     	
                        
                        
                        Decreased taste sensation

                        
                        

                     
                     
                     	
                        
                        
                        Loss of appetite

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Decrease in gastric secretion due to aging, hindering:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Digestion of protein

                        
                        

                     
                     
                     	
                        
                        
                        Absorption of iron, vitamin B12, calcium, and folic acid.

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Other causes:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Impaired cognition

                        
                        

                     
                     
                     	
                        
                        
                        Depression

                        
                        

                     
                     
                     	
                        
                        
                        Medication side effects

                        
                        

                     

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  It is important to note that malnutrition may
                     develop in individuals who were otherwise in normal to marginal nutritional
                     status due to a variety of causes, such as hospitalization and illness. This may
                     be partially driven by the immune system triggering the rapid release of
                     nutrient stores within the body to enable and enhance repair or recovery.
                     Failure to correct this issue may impair overall recovery.

                  
                  

            
            
            
            Both undernutrition and
               overnutrition can affect immune system function, and they may do so in unique ways.
               We will examine how these impacts occur next.

            
            

         
         
         
         
         
            
            
            Impact of Undernutrition

            
            
            
            
               
               
               
               Undernutrition is most heavily
                  associated with impaired immune function manifested by a decrease in cell-mediated
                  immunity. The primary cells of cell-mediated immunity are the T-lymphocytes that
                  recognize and destroy human cells infected with microorganisms. This function is
                  important for the destruction and elimination of infecting microorganisms (e.g.,
                  viruses, Mycobacterium tuberculosis, some
                  parasites, and fungi) that are able to survive within the host cells, where they are
                  “hidden” from antibody action.

               
               
               
               This is not to say
                  that undernutrition cannot affect other areas of the immune system. These effects
                  may occur across humoral response, alter phagocytosis, and present systemically as
                  well.

               
               
               
               The effects arise late in the undernutrition process under normal circumstances like
                  simple starvation (marasmus), as the body can adapt to conserve lean body mass,
                  including protein stores. When they arise as a result of protein malnutrition or
                  malnutrition due to critical illness or infection, the effects can develop early and
                  rapidly.

               
               
               
               Illnesses that lead to PEM or specific nutrient deficiencies may occur across many
                  different types of pathogens; most bacteria and many viruses are capable of causing
                  these issues, as are some fungi and systemic parasitic infections.

               
               
               
               
                  Key Point

                  
                     
                     
                     Clinical signs of impaired immunity may be
                        subtle or difficult to interpret and may be driven by many factors unrelated to
                        nutrient intake. However, PEM or specific nutrient deficiency does increase the
                        likelihood that individuals will suffer increased incidence and/or severity of
                        infection in most cases.

                     
                     

               
               

            
            

         
         
         
         
         
            
            
            Impact of Overnutrition

            
            
            
            
               
               
               
               Overnutrition or obesity
                  impacts morbidity and mortality rates worldwide. Recent evidence indicates that
                  obesity may also alter immune function and increase the risk of infection, hindering
                  recovery.

               
               
               
               Typical concerns surrounding obesity focus on certain chronic conditions, such as
                  cardiovascular disease, type 2 diabetes, some forms of cancer, and nonalcoholic
                  fatty liver disease. Obese individuals have been found to have a chronic but low
                  degree of inflammation; research suggests that this obesity-associated inflammation
                  is directly tied to the initiation of these other chronic conditions.

               
               
               
               However, studies have shown that innate and adaptive immune functions also appear
                  to
                  be affected by obesity. This has been observed through apparent increased risk of
                  acute illness, with epidemiological data indicating that obese individuals are more
                  likely to be impacted by infections than individuals who are of normal weight.

               
               
               
               The pathophysiology driving these observations is not formally understood. Studies
                  have shown specific immunological alterations, although the exact mechanisms of the
                  altered responses are yet to be determined.

               
               
               
               Among the response alterations that have been observed is reduced immune response
                  to
                  some vaccinations, which may necessitate overweight individuals to receive more
                  frequent vaccine boosters.

               
               
               
               
                  Key Point

                  
                     
                     
                     The logical solution to addressing immune
                        issues caused by overnutrition is to encourage weight loss over time. This
                        solution may be the best treatment route for many chronic conditions associated
                        with obesity.

                     
                     
                     
                     However, when considering a resident who is
                        suffering from illness due to infection by a pathogen, the best route becomes
                        less clear. Weight loss has not been shown to benefit obese individuals who are
                        acutely ill, and, as mentioned elsewhere, the body uses increased amounts of
                        nutrients while fighting and recovering from infections.

                     
                     
                     
                     Ultimately, the goal should be providing
                        adequate and appropriate levels of nutrition, which will result in improved
                        ability of the body to fight infection. In this context, weight loss may be a
                        long-term goal while recovery from infection is the short-term goal. When both
                        goals are unresolved, the short-term goal is the focus of immediate treatment
                        and care until the resident has recovered.

                     
                     

               
               

            
            

         
         
         
         
         
            
            
            Specific Nutrients and Strategies for LTC Facilities

            
            
            
            
               
               
               
               The association between
                  nutrition or nutrients and immune function is complex and difficult to concisely
                  summarize. Dietary provision of energy, protein, and micronutrients may work
                  synergistically to support and modulate the immune response. Dietary components can
                  positively affect immune function by correcting a deficiency or producing a
                  pharmacologic effect.

               
               
               
               This is especially complex when associating individual nutrients and disease
                  outcomes. While some research has shown that deficiencies of some nutrients may lead
                  to increased virulence for some pathogens, other infections may be less severe in
                  an
                  undernourished resident (such as a parasitic infection, which may suffer due to
                  competition with the host for limited nutrients). Other pathogens appear to not be
                  influenced at all by nutrition state.

               
               
               
               Any supposed or indicated association between a specific nutrient and immune system
                  function or recovery from illness must be carefully considered, especially with
                  reference to ongoing infections, even when there is an identified nutrient
                  deficiency that is otherwise addressable. For example, some infections such as
                  tuberculosis may become worse if the individual is subject to nutrient repletion;
                  iron supplementation may enhance the proliferation of some microorganisms.

               
               
               
               However, from a preventive standpoint, it still is valuable to understand the role
                  and purpose of some specific nutrients. Understanding the benefits that may be
                  derived from these, along with IP coordination with the nutrition staff, may lead
                  to
                  enhanced overall health for the LTC facility resident population from a long-term
                  perspective.

               
               
               
               Some important nutrients and their functions are described in Exhibit 2-1.

               
               
               
               
                  Exhibit 2-1: Nutrients and Their Functions in the Human Body
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Nutrient

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Function

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Calorie (kilocalorie
                                       or kcal)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A measure of energy
                                       provided from food sources to the body. A minimum kcal
                                       intake is essential for maintenance of body
                                       processes.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Protein

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Necessary for the
                                       production of new tissue and repair of existing tissue;
                                       made from amino acids. Essential to the body and the
                                       immune system. (Antibodies are composed of protein.)

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Vitamin C (ascorbic acid)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Necessary for wound
                                       healing and believed to be essential for a strong immune
                                       system, supports immune response to illness.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Zinc

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Needed for cellular
                                       growth, replication, and differentiation; promotes wound
                                       healing and ensures adequate immune response.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Vitamin A

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Needed for cellular
                                       differentiation to maintain cellular integrity. Certain
                                       skin and intestinal tract cells involved in immune
                                       function require it; deficiency results in a decrease in
                                       mucus production.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Vitamin D

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Maintains serum
                                       calcium and phosphorus levels for bone health; also
                                       important in modulating both the innate and adaptive
                                       immune responses. Has been linked to obesity and
                                       multiple chronic conditions. The body synthesizes it
                                       through exposure to the sun.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Vitamin E

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Major fat-soluble
                                       vitamin in the skin; also functions as an antioxidant in
                                       the body, protecting cell membranes. Low levels can
                                       diminish immune function.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Selenium

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A trace mineral that
                                       is particularly important with regard to preventing
                                       heart disorders and the immune system’s ability to
                                       protect the heart from viral illness.

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               

            
            
            
            
               
               
               Nutrient Considerations in LTC

               
               
               
               
                  
                  
                  
                  In efforts to counteract
                     immune function decline that occurs naturally in most elderly persons, adequate
                     nutrition and supplementation may be valuable tools. It remains unclear as to which
                     nutrients, in which form, and at what quantity, should be augmented.

                  
                  
                  
                  Some studies have shown specific benefits. One study showed that 200 milligrams per
                     day of vitamin E improved the immune function of elderly persons, who in general
                     have decreased immunity. That leads to the conclusion that supplementation of
                     vitamin E in elderly persons may reduce their risk of respiratory infections and
                     influenza. However, similar benefits (decreased incidence of infection-related
                     illness) have been observed through use of a complete multivitamin-mineral
                     supplement.

                  
                  
                  
                  Other observed benefits include that dietary sources of other nutrients, like
                     selenium, can help maintain positive dietary status in elderly persons. Vitamin D
                     supplements have been recommended to reduce the risk of falls and fractures.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        As many of these vitamins are available
                           through multiple sources, such as food, specific vitamin supplements, daily
                           multivitamin-mineral supplements, and even the sun, there are multiple potential
                           paths that can be taken to ensure that residents are receiving proper
                           nutrients.

                        
                        
                        
                        Further research is needed to confirm the type
                           and amount of micronutrient supplementation that is optimal for immune function
                           in elderly individuals. Ultimately, the best option is likely to vary from
                           resident to resident. For example, relying predominantly on food sources for
                           zinc may be suboptimal for a resident who does not consume animal-based foods
                           and products.

                        
                        
                        
                        Until additional research is available, many
                           researchers contend that a moderate-dose, complete multivitamin-mineral
                           supplement may be of benefit.

                        
                        

                  
                  

               
               

            
            
            

         
         
         
   
      
         
         
         
         Respiratory Tract

         
         
         
         
            
            
            
            Respiratory infections may often cause significant illness for elderly persons in
               the
               LTC facility setting. They are the leading cause of death in LTC facilities, with
               an
               incidence of between 0.3 and 2.5 infections per 1,000 resident days and an estimated
               0.16 million to 2.57 million cases annually.

            
            
            
            Common respiratory
               infections in the LTC population include upper respiratory infections, bronchitis,
               pneumonia, and tuberculosis (TB). Viruses, including respiratory syncytial virus,
               influenza, and adenoviruses, and bacteria, including Haemophilus influenzae, staphylococci, and
               streptococci, may cause respiratory tract infections in elderly persons in LTC due
               to the decline of immunologic memory as part of the aging process.

            
            

         
         
         
         
         
            
            
            Pneumonia

            
            
            
            
               
               
               
               Pneumonia causes a high
                  rate of infection every year and is a leading cause of death. Residents in LTC
                  facilities are often predisposed to pneumonia because of the use of feeding tubes,
                  issues with swallowing and aspiration, inability to clear their airways, decreased
                  functional status, and insufficient oral care.

               
               
               
               A number of bacteria and viruses can cause pneumonia, including but not limited to
                  influenza, Streptococcus, respiratory syncytial
                  virus (RSV), and SARS-CoV-2. Pneumonia may present atypically in the elderly
                  population, with fever being the most common symptom, followed by new or increased
                  cough and altered mental status.

               
               
               
               Symptoms of pneumonia include lower respiratory tract infections with nonproductive
                  cough, fever, and malaise.

               
               

            
            

         
         
         
         
         
            
            
            Influenza

            
            
            
            
               
               
               
               Elderly persons living in group
                  settings, including LTC facilities, are susceptible to circulating influenza
                  viruses. Factors placing LTC residents at high risk for influenza infection include
                  their proximity to other residents, the frequency and closeness of contact with
                  healthcare personnel (HCP), and the potential for exposure to visitors and family.
                  Influenza can be spread one to two days prior to symptoms being present, creating
                  a
                  challenge for containing transmission in these settings.

               
               
               
               Typically influenza results in systemic symptoms, such as fever and chills, headache,
                  myalgia, malaise, and anorexia, as well as respiratory symptoms, including dry
                  cough, severe pharyngeal pain, nasal obstruction, and discharge. Certain strains of
                  influenza type A may cause additional symptoms—diarrhea, vomiting, abdominal pain,
                  chest pain, bleeding from nose and gums, respiratory distress, hoarseness, and
                  pneumonia.

               
               
               
               However, influenza may present with atypical signs of infection among LTC facility
                  residents, resulting in a delay in diagnosis and implementation of infection
                  prevention strategies. In elderly adults, influenza may present with a less
                  pronounced onset of fever and cough and more generalized complaints including mental
                  status changes. Within congregate living settings, such as skilled nursing
                  facilities, a cluster of residents with similar symptoms is often a clue to an
                  influenza outbreak.

               
               
               
               Influenza outbreaks have been described in LTC facilities related to poor vaccination
                  rates among HCP as well as residents. Outbreaks in LTC facilities may have severe
                  and even deadly consequences for residents. Because influenza is easily transmitted,
                  it is important that influenza vaccination be offered to all residents and HCP
                  during the influenza season, which provides both individual protection and “herd
                  immunity” (i.e., group protection).

               
               
               
               Residents with suspected cases of influenza should be separated from other residents
                  to reduce the risk of transmission. Laboratory confirmation of influenza is
                  important to ensure implementation of effective infection prevention and treatment
                  strategies, including use of antiviral medications effective against influenza,
                  which may prevent death and may reduce the length of influenza illness. Elderly
                  individuals are especially at risk for secondary pneumonia and other complications
                  from influenza.

               
               

            
            

         
         
         
         
         
            
            
            Tuberculosis

            
            
            
            
               
               
               
               Within two to eight
                  weeks of exposure to tuberculosis, special immune cells (macrophages) ingest and
                  form a barrier shell around the tubercle bacilli. This barrier shell (granuloma)
                  keeps the bacilli contained and under control (latent TB, or LTBI). Individuals with
                  LTBI will have a positive screening test for TB but are not contagious. If the
                  immune system cannot keep the tubercle bacilli under control, the bacilli begin to
                  rapidly multiply (TB disease), signs and symptoms appear, and the individual can
                  transmit the disease. Without treatment, approximately 5% of persons exposed to TB
                  will develop disease in the first or second year after infection and another 5%
                  sometime later in life.

               
               
               
               Several age-associated changes in older adults predispose reactivation of LTBI.
                  Decreased cellular immunity, medications that suppress the immune system,
                  co-morbidities, and malnutrition, in addition to lack of LTBI treatment, contribute
                  to an increased risk of reactivation. Although TB cases and deaths have decreased
                  in
                  the U.S., individuals 65 years and older continue to have the highest rates, at 5.1
                  per 100,000 in population, and comprise 22% of the reported cases of TB in the
                  U.S.

               
               
               
               Symptoms caused by tuberculosis are variable and depend on the stage and location
                  of
                  tuberculosis infection.

               
               
               
               
                  
                  
                  	
                     
                     
                     Primary TB is usually asymptomatic, although a few individuals may develop
                        fevers, cough, or erythema nodosium.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Postprimary TB typically manifests with a productive cough, fevers,
                        hamoptysis, and night sweats, with respiratory symptoms usually lasting more
                        than two to three weeks.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Extrapulmonary TB may have many different symptoms, depending on which other
                        organs are involved. For example, pleural involvement may cause pleuritic
                        chest pain, while pericardial TB may present with fevers, weight loss, pain,
                        and later with hemodynamic compromise.

                     
                     

                  
                  

               
               
               
               
                  Key Point

                  
                     
                     
                     Screening and treatment of LTBI is recommended for groups with
                        a high prevalence of LTBI and/or those at risk for TB exposure/disease. Two
                        methods are recommended, the tuberculin skin test (TST) and the interferon gamma
                        release assay (IGRA).

                     
                     
                     
                     Individuals who are subject to these
                        recommendations include healthcare personnel; LTC facility residents and
                        employees; and patients with HIV, end-stage renal disease, diabetes, or other
                        immunosuppressing diseases. Those who have been exposed to a patient or resident
                        with active TB should also be tested.

                     
                     

               
               

            
            

         
         
         
         
         
            
            
            Respiratory Syncytial Virus

            
            
            
            
               
               
               
               Respiratory syncytial virus (RSV) is an
                  underrecognized illness in older adults that has been associated with outbreaks in
                  LTC facilities. Exposure risk to RSV may be increased during intergenerational
                  enrichment activities. According to the Centers for Disease Control and Prevention
                  (CDC), adults with chronic heart or lung disease and those with weakened immune
                  systems are at highest risk for severe RSV infection.

               
               
               
               The CDC states that typical symptoms include mild-cold like symptoms but that RSV
                  can
                  lead to pneumonia and more severe symptoms for people with asthma, chronic
                  obstructive pulmonary disease, and congestive heart failure.

               
               

            
            

         
         
         
         
         
            
            
            Urinary Tract

            
            
            
            
               
               
               
               Infections in the urinary system are the second most common type of infection,
                  falling well behind all of the various types of respiratory infections. The urinary
                  system consists of the urethra, the bladder, the ureters, and the kidneys and is
                  generally considered to be sterile.

               
               
               
               The term urinary tract infection (UTI) refers to a bacterial
                  or fungal infection of the urinary tract. UTI is a nonspecific term covering a wide
                  range of disease conditions, ranging from asymptomatic bacteriuria and urethritis
                  to
                  urinary sepsis.

               
               
               
               In some settings, these infections are divided into lower tract infections, referred
                  to as cystitis, and upper tract infections, referred to as pyelonephritis. Cystitis
                  is an inflammation of the bladder after bacterial adhesion or invasion of the
                  bladder wall. It may be either asymptomatic or symptomatic. Acute uncomplicated
                  cystitis is the most common type of UTI in adult women. Pyelonephritis is a serious
                  infection with substantial morbidity, which can lead to bacteremia, sepsis, and
                  renal abscess.

               
               
               
               Susceptibility to UTI is common to all people; however, there are specific groups
                  that are more susceptible than others. These groups include male infants, all
                  females (especially sexually active females), people with diabetes, elderly
                  individuals, immunosuppressed individuals, patients with spinal cord injuries,
                  patients with indwelling urinary catheters and stents, and patients with urological
                  abnormalities. We will now discuss some specific factors relevant to LTC settings
                  in
                  more detail.

               
               

            
            
            
            
               
               
               The Elderly

               
               
               
               
                  
                  
                  
                  As the population ages and more
                     elderly individuals are institutionalized, the rates of UTIs increase. Close
                     proximity of living arrangements, dementia, confusion, device use, and debility all
                     play a role in increased rates of infection in this population. UTIs remain a common
                     problem in the LTC facility setting. Residents in LTC facilities often have
                     bacteriuria, although this is not commonly associated with adverse outcomes in these
                     residents (i.e., asymptomatic bacteriuria).

                  
                  
                  
                  Traditional symptoms of a UTI include fever, flank pain, dysuria, and urination
                     urgency and frequency. UTIs can also be associated with altered mental status,
                     declining ADL (activities of daily living) scores, and new-onset incontinence in
                     residents.

                  
                  

               
               
               
               
                  
                  
                  Elderly Females

                  
                  
                  
                  
                     
                     
                     
                     Benign bacteriuria occurs in elderly females who often have
                        few or no symptoms. Relaxation of the pelvic musculature allows for varying degrees
                        of cystocele or rectocele. Benign bacteriuria is often identified on routine
                        urinalysis collected for other purposes. It has been shown that these individuals
                        do
                        not go on to develop symptomatic UTIs, ascending infection, or bacteremia. This
                        situation does not warrant treatment.

                     
                     
                     
                     Acute UTIs will cause different symptoms in healthy immunocompetent premenopausal
                        women than in postmenopausal women. Premenopausal women present with more localized
                        symptoms of infection such as frequent, painful, and burning urination.
                        Postmenopausal women complain of more severe symptoms related to storage of urine,
                        generalized lower abdominal pain, lower back pain, constipation, diarrhea, nausea,
                        nocturnal incontinence, and urgency. Escherichia
                           coli (E. coli) is the most commonly
                        isolated pathogen. Effects of menopause and sexual activity play a role as risk
                        factors for disease transmission in healthy pre- and postmenopausal women.

                     
                     

                  
                  

               
               
               
               
               
                  
                  
                  Elderly Males

                  
                  
                  
                  
                     
                     
                     
                     As a male ages, benign prostatic hypertrophy develops and residuals
                        of urine remain in the bladder after voiding. This residual urine forms a nutritive
                        medium for bacterial growth. As with females, E.
                           coli is the most commonly isolated pathogen, but in the LTC setting, Proteus mirabilis is also common. The UTI rates
                        for males as they age approach that seen in females. By age 80, 50% of males will
                        have had a UTI.

                     
                     
                     
                     Morbidity from infection is considerably higher for males; thus, their infections
                        are
                        often symptomatic and may lead to infections of the prostate, epididymitis, or
                        testes. Chronic prostatitis is very difficult to eradicate and is a common cause of
                        chronic bacteriuria in men.

                     
                     

                  
                  

               
               
               

            
            
            
            
            
               
               
               CAUTIs

               
               
               
               
                  
                  
                  
                  An
                     indwelling urinary catheter is a drainage tube that is inserted into the urinary
                     bladder through the urethra; it is then left in place, connected to a drainage bag
                     (including leg bags). It is also sometimes referred to as a Foley catheter. UTIs are
                     the most common type of HAI; approximately 80% of UTIs are associated with the use
                     of indwelling urinary drainage devices.

                  
                  
                  
                  The voiding habits of approximately 5% of LTC
                     residents are managed by indwelling catheters. Infections resulting from these
                     devices are modest for most individuals, with low morbidity and mortality. The
                     daily risk of urinary tract infection from an indwelling urethral catheter
                     ranges from 3% to 7%.

                  
                  
                  
                  The gender of catheterized
                     residents impacts the
                     transmission of infections: males generally become infected via the intraluminal
                     route from a contaminated drainage bag; females become infected from contamination
                     by the transurethral migration of bacteria up the extraluminal surface of the
                     catheter. Other risk factors associated with CAUTIs include age, diabetes, and
                     prolonged catheterization—in fact, the duration of catheterization is the most
                     important factor in development of bacteriuria.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Pyuria development in short-term catheterized
                           residents is not
                           indicative of infection and should not be used as a criterion for urine culture
                           or as an indication for antimicrobial treatment. Ninety percent of residents with
                           significant bacteriuria are asymptomatic for any signs or symptoms of a UTI.
                           When symptoms are present, they typically include burning or pain in the lower
                           abdomen (below the stomach) and fever.

                        
                        

                  
                  
                  
                  Strategies relevant to delaying the onset of
                     bacteriuria in short-term catheterized patients will not necessarily work in
                     patients with chronic, long-term catheterization. Every patient’s urethral catheter
                     will become coated with biofilm, which will lead to infection given enough time. The
                     only way to prevent such an infection is to not use a catheter or to remove the
                     catheter before bacteriuria is established.

                  
                  
                  
                  The development of a CAUTI is associated with
                     significant morbidity and some risk of mortality. The resident’s extended length of stay,
                     development of antibiotic-resistant organisms, and increased costs have resulted in
                     an emphasis on the appropriate use of the catheter. Physicians and nurses often fail
                     to document the reasons for using a catheter, resulting in large numbers of
                     inappropriate catheterizations.

                  
                  

               
               
               
               
                  
                  
                  Indwelling Catheter Alternatives

                  
                  
                  
                  
                     
                     
                     
                     Alternatives to indwelling urinary catheters often found in
                        the LTC facility environment include intermittent catheterization and suprapubic and
                        external catheters. The preferred catheterization types rated from least risk of UTI
                        to greatest are:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           External urinary devices.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Intermittent catheterization.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Suprapubic catheterization.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Indwelling urinary catheterization.

                           
                           

                        
                        

                     
                     
                     
                     To promote uninterrupted sleep, external urinary devices may be used at nighttime
                        as
                        an alternative to indwelling urinary catheterization with residents who are
                        incontinent or have urinary urgency. These devices may be used in conjunction with
                        a
                        toileting schedule during the daytime hours to promote independence.

                     
                     
                     
                     Leg bags are commonly used in the LTC facility to improve mobility in a resident with
                        a urinary catheter. These may pose a risk for infection due to the reflux of urine
                        as well as frequent changing between urinary bags that open the urinary collection
                        system. Therefore, it is important that any changes to the urinary collection bag
                        be
                        done using aseptic techniques, cleaning the connecting ports with alcohol and
                        cleaning the leg bag between uses.

                     
                     

                  
                  

               
               
               

            
            

         
         
         
         
         
            
            
            Skin and Soft Tissue Infections

            
            
            
            
               
               
               
               Skin and soft tissue infections (SSTIs) may occur at three levels:

               
               
               
               
                  
                  
                  	
                     
                     
                     Epidermis. This is
                        the outermost layer of the skin, and it forms a protective layer against
                        infection. The epidermis may be bypassed through hair follicles and
                        sebaceous glands or through a wound that disrupts it.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Dermis.
                        This layer is separated from the epidermis by a basement membrane and from
                        the deep fascia by an adipose-rich subcutaneous region. The interruption of
                        dermal blood flow can restrict humoral and cellular host defenses against
                        invading microorganisms and predispose a person to infection.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Subcutaneous tissue and deep fascia. The
                        subcutaneous tissue layer is composed of fat cells, which serve as heat
                        insulators, shock absorbers, and depots of caloric reserves. The superficial
                        fascia separates the skin from underlying muscles and a deep fascial
                        layer.

                     
                     

                  
                  

               
               
               
               An infection may involve only one of these levels or concurrently manifest in
                  multiple levels.

               
               

            
            
            
            
               
               
               Skin Integrity

               
               
               
               
                  
                  
                  
                  Skin integrity and the
                     invasive potential of microbial pathogens each contributes to host-microbe
                     interactions associated with skin and soft tissue infection.

                  
                  
                  
                  Skin and soft tissue infections (SSTIs) often arise from defects in the integrity
                     of
                     the epidermis associated with trauma, postoperative wounds, burns, or an underlying
                     dermatosis. In certain circumstances, the portal of entry can be remote from the
                     site of clinical infection, as evident in bacterial cellulitis of the lower
                     extremities associated with tinea pedis and toe web intertrigo.

                  
                  
                  
                  In some cases of cutaneous
                     infection, the portal of entry cannot be identified. Focal skin infection may be the
                     result of hematogenous seeding of the skin, as occurs in bacterial endocarditis or
                     sepsis. Isolation of the etiological microorganism is often unsuccessful because of
                     lack of purulence for diagnostic test specimen procurement, specimen transport and
                     processing, or laboratory detection methods.

                  
                  

               
               

            
            
            
            
            
               
               
               Host Systemic Defense Mechanisms

               
               
               
               
                  
                  
                  
                  Local blood circulation and host immune defenses are the
                     primary determinants of the host response to invasive pathogens. The systemic
                     clinical findings associated with SSTIs are often mediated by host cytokines.
                     Lymphedema, chronic venous insufficiency, prior cellulitis, nephrotic syndrome, and
                     diabetes mellitus are some of the recognized local and systemic predisposing factors
                     to SSTIs. Infecting microbes may enter the lymphatic system, resulting in
                     lymphangitis and regional lymphadenitis, or they may enter the circulatory system
                     and cause bacteremia.

                  
                  

               
               

            
            
            
            
            
               
               
               Common Skin Infections

               
               
               
               
                  
                  
                  
                  Multiple common skin and soft tissue
                     infections may be caused by various pathogens and are not attributable to a single
                     organism.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Folliculitis. This is a circumscribed
                           infectious process originating in hair follicles that can be classified as
                           superficial or deep and by microbial etiology. The initial lesions appear
                           papulo-urticarial, usually within 48 hours of exposure, with evolution to
                           pustular folliculitis.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Furuncules and carbuncles. A furuncle, or boil, is a focal
                           erythematous skin infection complicating an antecedent folliculitis or
                           developing as a deep nodule near a hair follicle. It almost never occurs on
                           the palms or the soles. A relatively thick dermis prevents spontaneous
                           drainage to the surface and contributes to the hard, nodular, painful
                           character of the lesion. Eventually, abscess formation occurs.

                        
                        
                        
                        A carbuncle is larger than a furuncle, with infection spreading under and
                           between fibrous septa in deep skin tissues, forming a series of
                           interconnected small abscesses. Carbuncles usually occur at the nape of the
                           neck or on the back or thighs, with drainage through clustered skin
                           sites.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Erysipelas. This is a painful, bright red, edematous, indurated
                           skin plaque with an advancing raised border, sharply defined from the
                           surrounding uninfected skin. The most common sites of infection are the legs
                           and the face.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Cellulitis. This is similar to erysipelas but extends into
                           subcutaneous tissues; it is also distinct in that it is not raised or
                           sharply defined from the surrounding skin. Quite painful and tender, most
                           cases of cellulitis occur on the legs, usually below the knees. In some
                           cases, the overlying epidermis undergoes bullous formation or even focal
                           necrosis, resulting in epidermal sloughing and erosion. Dermal and
                           subcutaneous abscess formation rarely occurs. Red linear streaking and
                           tender regional lymphadenopathy reflect efferent infection and
                           lymphangitis.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Paronychia. Paronychia is infection of the proximal or lateral
                           fingernail or toenail folds. The development of paronychia has been
                           associated with repeated trauma to the hands or feet or chronic moisture
                           (e.g., from dishwashing).

                        
                        

                     
                     
                     
                     	
                        
                        
                        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. This is a mixed infection caused by common aerobic and
                                 anaerobic bacteria. Gas in the soft tissues is a classic feature of
                                 this infection. It is particularly common in postoperative cases or
                                 patients with diabetes mellitus or peripheral vascular disease. The
                                 type 1 infection usually occurs at or near a surgical site.

                              
                              

                           
                           
                           	
                              
                              
                              Fornier gangrene. This is a
                                 distinctive form of type 1 necrotizing fasciitis typically affecting
                                 the male perineum and scrotum, with occasional extension to the
                                 abdominal wall or buttocks. In women, it can occur between the
                                 perineum and vagina. Predisposing factors include diabetes mellitus,
                                 alcohol abuse, local trauma, paraphimosis, periurethral
                                 extravasation of urine, perirectal or perianal infection, and pelvic
                                 surgery.

                              
                              
                              
                              These infections begin abruptly with severe pain, and they may spread
                                 rapidly to the anterior abdominal wall or gluteal tissues.
                                 Cellulitis occurs near the portal of entry, and the involved area
                                 usually becomes progressively indurated and tender. As gangrene of
                                 the perineum develops, swelling and crepitation increase.

                              
                              

                           
                           
                           	
                              
                              
                              Type 2. Gas is absent from the soft tissues in type 2
                                 necrotizing fasciitis, yet there is rapid clinical progression often
                                 associated with systemic signs suggestive of toxic shock syndrome.
                                 Gangrene results after thrombosis of cutaneous and deep blood
                                 vessels and is often associated with focal intense pain. The type 2
                                 infection may occur in otherwise healthy individuals and is
                                 characterized by sudden onset and widespread necrosis of fascia and
                                 deep subcutaneous tissues, sometimes with initial sparing of the
                                 skin and muscle.

                              
                              

                           
                           
                           	
                              
                              
                              Gas
                                    gangrene. Gas gangrene is usually induced by deep,
                                 penetrating trauma (e.g., gunshot or stab wound, crush injury). The
                                 wound causes compromise of the local blood supply and creates a
                                 relatively anaerobic tissue environment promoting the proliferation
                                 of Clostridium perfringens or
                                 related clostridial species. Clostridial soft tissue infection is
                                 usually heralded by intense and progressive pain at the affected
                                 site. Signs of systemic toxicity (e.g., fever, chills, tachycardia,
                                 shock) often follow.

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Tinea. Tinea refers
                           to a series of common fungal infections and diseases of the skin. While all
                           are fungus-based, they may be caused by many different genera and species of
                           fungus. Many of these may be referred to as “ringworm”; the differentiation
                           of disease type refers to the location of the ringworm on the host body.
                           These diseases may present special concerns for ancillary services, such as
                           barber/salon services and podiatry/nail care services.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
            
               
               
               Skin Infections Due to Preexisting Damage

               
               
               
               
                  
                  
                  
                  Infections may develop in areas of preexisting damage,
                     such as postoperative wounds, accidental trauma, bites, pressure ulcers, and
                     diabetic foot ulcers. The microbial etiology often reflects a preexisting condition
                     and the resident microbial flora. These infections are usually localized, but they
                     can sometimes result in deep tissue invasion with consequent risk for bacteremia and
                     osteomyelitis.

                  
                  
                  
                  Many of the above infections are included;
                     these are covered elsewhere, in the discussions of the organisms that cause them.
                     However, of particular importance in LTC facilities are pressure ulcers (sometimes
                     called decubitus ulcers) and diabetic foot infections.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Pressure ulcer infections are most
                           commonly associated with immobility, advanced age, and inadequate nutrition,
                           yet they can sometimes be associated with severe morbidity and sepsis. The
                           most frequently affected anatomic areas are the sacrum, the coccyx, the
                           greater trochanters, the feet, the elbows, and other pressure sites in
                           bedbound individuals. Pressure ulcers in the sacrum, the hip, and the foot
                           are particularly prone to colonization and secondary polymicrobial infection
                           with fecal flora.

                        
                        
                        
                        In most cases, these infections require combined medical and surgical care,
                           with challenges related to chronic cutaneous wounds that are refractory to
                           available advanced therapies.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Diabetic foot infections are a significant cause of chronic
                           osteomyelitis, limb loss, and sepsis in diabetic patients. Staphylococcus aureus may cause initial
                           diabetic foot infections. However, many other organisms may cause
                           superinfections, for example, Enterobacterales, anaerobes (particularly the
                           Bacteroides fragilis group),
                           enterococci, and Pseudomonas aeruginosa.
                           Therapy is often complicated by physical factors such as patient immobility,
                           diminished cutaneous sensation (neuropathy), and loss of subcutaneous soft
                           tissue mass (padding over bony protuberances). Chronic foot ulcers are
                           common problems in diabetic patients with neuropathy, and optimal glucose
                           control is an important component of treatment response.

                        
                        
                        
                        Successful treatment may require debridement of devitalized tissue or
                           calluses, the design of physical padding or prostheses to prevent continued
                           tissue trauma, or hyperbaric oxygen therapy, and it is best accomplished
                           through cooperative management with an orthopedic surgeon.

                        
                        

                     
                     

                  
                  

               
               

            
            
            

         
         
         
         
         
            
            
            Gastrointestinal Tract Infections

            
            
            
            
               
               
               
               Acute
                  gastroenteritis is significant in elderly persons because it can lead to more
                  serious illness and complications, including dehydration, debilitation,
                  hospitalization, and death. Elderly persons in LTC facilities are at an increased
                  risk of contracting and transmitting gastroenteritis because of the use of shared
                  bathrooms and common dining and rehabilitation facilities and increased close
                  proximity to others in general. Other risks for transmission of gastroenteritis are
                  underlying co-morbidities including dementia, cognitive impairment, and decreased
                  gastric acid.

               
               
               
               Outbreaks in LTC facilities have been caused by rotavirus, enterovirus, norovirus,
                  Clostridioides difficile, Bacillus
                     cereus, Escherichia coli, Campylobacter, Clostridium perfringens,
                     Salmonella, and Giardia
                     lamblia. Proper food preparation and storage are important to decrease the
                  risk of foodborne outbreaks.

               
               
               
               The severity of acute gastroenteritis may range from asymptomatic infection to severe
                  infections leading to dehydration and death, with more severe cases tending to
                  affect children and elderly persons. Typical symptoms include abdominal cramps, pain
                  and tenderness, nausea, vomiting, diarrhea, and fever. Certain pathogens may
                  additionally cause headache, myalgia, generalized weakness, anorexia, loss of
                  appetite, tenesmus, and malaise; diarrhea and vomiting may also lead to dehydration.
                  Symptom combinations, duration, and details (i.e., diarrheal consistency or the
                  presence of mucus or blood in stool) may help narrow down the potential infecting
                  microbe, although laboratory testing is necessary to confirm identification.

               
               

            
            

         
         
         
         
         
            
            
            Bloodborne Pathogens

            
            
            
            
               
               
               
               Recall that
                  bloodstream infections (BSIs) are infections in the vascular system, including
                  bacteremia, fungemia, and viremia. According to a study from Joseph M. Mylotte,
                  Ammar Tayara, and Susan Goodnough published in Clinical Infectious Diseases, E. coli, P. mirabilis, and S. aureus are commonly associated
                  with bacteremia. The three most prevalent forms of bloodborne pathogens that cause
                  viremia are hepatitis B (HBV), hepatitis C (HCV), and human immunodeficiency virus
                  (HIV).

               
               
               
               Transmission of hepatitis B and hepatitis C to residents requiring assisted blood
                  glucose monitoring (ABGM) may occur through the improper use or re-use of
                  contaminated blood glucose testing equipment, the use of blood glucose testing
                  equipment while not wearing gloves, or unsafe injection practices. A significant
                  number of resident exposures and active cases of hepatitis B disease and deaths have
                  been attributed to improper ABGM. The numbers, however, are believed to be vastly
                  underreported. Lack of education and training, the rush to complete a task due to
                  multiple assignments and inadequate staff, the practice of sharing equipment among
                  residents, and the lack of needed supplies all contribute to increased transmission
                  of bloodborne pathogens.

               
               
               
               Hepatitis and other viral pathogens may cause asymptomatic infections, or the
                  infections may be asymptomatic for weeks or months (such as HBV) or years (HIV)
                  before symptoms present. A primary symptom for HBV and HCV is jaundice, and this may
                  be used to categorize the appearance of other typical symptoms. Before jaundice
                  appears, there may be nonspecific symptoms like malaise, fatigue, fever, and others.
                  Following the appearance of jaundice, dark urine, pale-colored stools, pruritus, and
                  anorexia may be present. For other infections such as HIV, symptoms may appear
                  flu-like or otherwise nonspecific, such as fever or weight loss. In particular,
                  earlier stages of the HIV progression present symptoms related to viral
                  multiplication in the lymphatic or nervous systems.

               
               
               
               For other bloodstream infections, such as those resulting from vascular access
                  devices, typical symptoms include fever/chills, localized pain at the site of
                  insertion, redness originating at the site of insertion that spreads,
                  nausea/vomiting, diarrhea, cough, dyspnoea, and expectoration. Atypical symptoms
                  that are reported include malaise, dizziness or unsteadiness, immobility, paresis,
                  speaking difficulties, and confusion.

               
               

            
            

         
         
         
         
         
            
            
            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. As such, we will define antimicrobial
                        resistance as the ability of microorganisms to grow when treated by a
                     drug that was previously an effective antimicrobial agent. 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.

               
               
               
               Multiple-drug-resistant organisms (MDROs) develop
                  resistance to multiple antimicrobials, especially those that are traditionally used
                  for treatment. These pose considerable challenges in healthcare settings; they may
                  be especially prevalent in LTC facilities.

               
               
               
               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 residents
                        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 residents.

               
               

            
            

         
         
   
      
         
         
         
         Section B: Microbiology

         
         
         
         
            
            
            
               After completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Differentiate between viruses, bacteria, fungi, and parasites.

                  
                  

               
               
               
               	
                  
                  
                  Illustrate how these organisms survive and multiply, both inside and outside
                     of a host.

                  
                  

               
               
               
               	
                  
                  
                  Relate the importance of the size of an organism to infection prevention.

                  
                  

               
               
               
               	
                  
                  
                  Describe examples of epidemiologically significant organisms in each class,
                     including notable characteristics, infections caused, transmission routes,
                     and other key details.

                  
                  

               
               

            
            
            
            Viruses, bacteria, fungi, and parasites all may cause illness in humans. They are,
               however, distinct organisms that require unique considerations for infection
               prevention.

            
            

         
         
         
         
   
      
         
         
         
         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 the LTC setting is the Gram stain characteristic;
               bacteria may be classified as Gram-positive or Gram-negative. (This will be explained more elsewhere.) 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 that may appear on testing.

            
            
            
            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.

            
            
            
            
               Key Point

               
                  
                  
                  Knowing the difference between Gram-positive
                     and Gram-negative is particularly important with reference to interpreting
                     laboratory results and understanding the bacteria common to LTC facilities.
                     Additionally, 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 2-2. 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 2-2: 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.

               
               
               
               The transfer 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 bacteria to another, creating an strain that is resistant to
                        traditional treatment methods. Other genes may result in a typically harmless
                        bacteria becoming pathogenic by transferring genes that result in toxin
                        production by the 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. Within the LTC environment, the most
                        commonly encountered and important bacteria are rods and cocci.

                  
                  
                  
                  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 2-3.

                  
                  
                  
                  
                     Exhibit 2-3: 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 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 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
                     . As a result of all of those considerations, preventing the formation of
                        biofilms is the preferred method of control instead of treatment.
                     

                  
                  
                  
                  
                     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.

                        
                        

                  
                  

               
               

            
            

         
         
         
         
            
            
            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 residents 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 2-4 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 2-4: 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.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Other body fluids:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Abdominal.

                           
                           

                        
                        
                        	
                           
                           
                           Synovial.

                           
                           

                        
                        
                        	
                           
                           
                           Pericardial.

                           
                           

                        
                        
                        	
                           
                           
                           Pleural.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Bone.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Deep tissue/organ space.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Staphylococcus (coagulase-positive)
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Staphylococcus aureus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Abscess, pneumonia,
                        empyema, osteomyelitis, purpural sepsis, bacteremia, endocarditis, impetigo,
                        folliculitis, furuncles, carbuncles, cellulitis, paronychia, surgical site
                        infections, necrotizing fasciitis type 1.

                     
                     

                  
                  
                  
                  	
                     
                     
                     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 (meaning it causes coagulation of
                           plasma) 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.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Group A: Streptococcal
                              pharyngitis, scarlet fever, erysipelas, impetigo, cellulitis,
                              necrotizing fasciitis type 2.

                           
                           

                        
                        
                        	
                           
                           
                           Group B: Pneumonia, sepsis,
                              meningitis, bone/joint infection, endocarditis, cellulitis, skin
                              abscess, foot or decubitis ulceration, necrotizing fasciitis,
                              erysipelas.

                           
                           

                        
                        
                        	
                           
                           
                           S. pneumoniae: Pneumonia,
                              meningitis, acute sinusitis.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     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.

                           
                           

                        
                        
                        	
                           
                           
                           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.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Group A: Gram-positive cocci in
                              chains or pairs; among the most frequent and important pathogens
                              found in humans.

                           
                           

                        
                        
                        	
                           
                           
                           Group B: Common inhabitants of
                              the lower gastrointestinal tract and genital tract.

                           
                           

                        
                        
                        	
                           
                           
                           S. pneumoniae: Gram-positive
                              diplococcus. Most common cause of community-acquired pneumonia and
                              of bacterial meningitis in adults; also commonly isolated pathogen
                              in otitis media and acute sinusitis. Vaccines are 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).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Bacterial
                        endocarditis and urinary tract infections (UTIs), surgical site
                        infections.

                     
                     

                  
                  
                  
                  	
                     
                     
                     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 (may appear in pairs or chains) 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.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Clostridioides
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Clostridioides difficile.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused:

                     
                     
                     
                     
                        
                        	
                           
                           
                            Clostridioides difficile
                              infection (CDI), pseudomembranous colitis (PMC).

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     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 residents 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.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused:

                     
                     
                     
                     
                        
                        	
                           
                           
                           C. botulinum: Botulism.

                           
                           

                        
                        
                        	
                           
                           
                           C. perfringens: Gas gangrene,
                              food poisoning.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           C.
                                 botulinum: Ingestion, contact.

                           
                           

                        
                        
                        	
                           
                           
                           C.
                                 perfringens: Ingestion, 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.

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Listeria
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Listeria
                           monocytogenes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Listeria.

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     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.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Neisseria
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Species
                           name(s):
                         
                        Neisseria meningitidis.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Meningitis,
                        bacteremia, pneumonia, pericarditis, arthritis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Respiratory droplets.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Appears as Gram-negative diplococci. Bacterial
                        meningitis is of highest concern of the infections caused by N. meningitidis in LTC facilities. Death
                        may occur quickly due to endotoxin shock or focal cerebral involvement.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Bacillus
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused:

                     
                     
                     
                     
                        
                        	
                           
                           
                           B. anthracis: Skin infection,
                              septicemia, pneumonia, “woolsorter’s disease,” enteritis,
                              meningitis.

                           
                           

                        
                        
                        	
                           
                           
                           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: Gram-positive rod. B. anthracis is a
                        category A bioterrorism agent.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Escherichia
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species
                           name(s): Escherichia coli.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: UTI, septicemia,
                        dysentery, hemolytic uremic syndrome, surgical site infections.

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional
                           notes: Gram-negative rod. Severe cases of
                        illness can result in hemolytic uremic syndrome and may result in patients
                        requiring dialysis.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Proteus
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: UTI, pneumonia,
                        blood infections, wound infections, surgical site infections, necrotizing
                        fasciitis, Fournier’s gangrene.

                     
                     

                  
                  
                  
                  	
                     
                     
                     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).

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Enterobacter

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Enterobacter cloacae, Enterobacter aerogenes, Enterobacter
                           agglomerans; MDRO species known as extended-spectrum beta-lactamase
                        (ESBL) producers and as carbapenem-resistant Enterobacteriaceae (CRE).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused:
                        Healthcare-associated pneumonia, UTI, sepsis, surgical wound infections.

                     
                     

                  
                  
                  
                  	
                     
                     
                     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. Emergence of ESBL and CRE makes
                           treatment challenging, especially CRE, as carbapenems are usually the
                           last treatment option for other MDRO infections in extremely sick
                           patients.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Serratia
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Pneumonia,
                        bacteremia associated with contaminated multi-dose medication vials, UTI,
                        surgical site infections, contact-lens-induced red eye.

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Gram-negative rod. Normal flora in GI tract. Shows
                        emerging resistance to multiple antibiotics.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Helicobacter

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Helicobacter pylori.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Peptic ulcer
                        disease, enterohepatic disease, chronic gastritis, gastric adenocarcinoma
                        and other cancers.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Contact,
                        fecal-oral or oral-oral, improperly cleaned endoscopes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Normal flora of the
                        stomach.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Salmonella
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Typhoid fever, Salmonella gastroenteritis.

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Acid-suppressing
                        medications are associated with increased risk in LTC facility
                        residents.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Klebsiella
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Bloodstream
                        infections, primary lobar pneumonia, surgical site infection, UTI.

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Gram-negative rod.
                        Normal flora of gastrointestinal and genital tracts. May asymptomatically
                        colonize the upper respiratory tract, especially in residents in LTC
                        facilities.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Legionella
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        
                        Species name(s):
                         
                        Legionella
                           pneumophila.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: 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 is a growing number of cases in assisted living
                        and LTC facilities.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Pseudomonas
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Community-acquired
                        infections in nonimmunocompromised individuals: folliculitis, ear
                        infections, meningitis, eye infections associated with contact lens use,
                        endocarditis in IV drug users. Leading cause of respiratory tract HAI, UTI,
                        wound infections, peritonitis in persons on chronic ambulatory peritoneal
                        dialysis, and bacteremia.

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Gram-negative rod.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Acinetobacter
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused:
                        Ventilator-associated pneumonia, bacteremia, respiratory infections, UTI,
                        wound infection (including at catheter sites), septicemia.

                     
                     

                  
                  
                  
                  	
                     
                     
                     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).

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Campylobacter
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Gastroenteritis,
                        gastritis, sepsis, septic arthritis, endocarditis, meningitis, abscesses,
                        peritonitis, proctitis, pancreatitis, periodontal disease.

                     
                     

                  
                  
                  
                  	
                     
                     
                     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: None.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Bordetella
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Bordetella
                           pertussis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Whooping cough.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Droplet.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Vaccination is available. However, the organism may be carried by immune
                        individuals. 

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Tuberculosis-Causing Mycobacterium

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        
                        Species
                           name(s):
                         
                        Mycobacterium tuberculosis.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Pulmonary
                        tuberculosis, laryngeal tuberculosis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     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.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         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 2-5. This
                  means that only the largest viruses approach the same size as the smallest
                  bacteria.

               
               
               
               
                  Exhibit 2-5: 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. Viruses in general replicate in a similar fashion, which
                     occurs in the five steps illustrated in Exhibit 2-6.

               
               
               
               Exhibit 2-6: Virus Reproduction Cycle
                  
                  [image: A labeled diagram showing the six steps of the viral replication cycle inside a host cell. Go to long description for more details.]
                  
                  
                  
                     Go to long description.
                     

                  
                  

               
               
               
               
                  
                  
                  	
                     
                     
                     Attachment. The virion
                        attaches to a complementary receptor site on the host cell. This attachment
                        is specific—the virus cannot attach to just any receptor it encounters, and
                        not every cell type has a receptor that a virus can attach to.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Penetration. The virion
                        enters the cell using endocytosis, whereby the cell engulfs the
                        virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Replication. Viral DNA or
                        RNA directs the host cell to begin creating viral components.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Maturation. The viral
                        components assemble into viral particles, creating daughter virions
                        typically identical to the initial virus (except in cases of
                        mutation).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Release. The daughter
                        virions are released. The time between maturation and release may stretch to
                        months or years, during which time the virus remains dormant in the host
                        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.

                     
                     

               
               

            
            

         
         
         
         
            
            
            Pneumoviridae

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused:

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

                           
                           

                        
                        
                        	
                           
                           
                           RSV: 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 people with specific
                              co-morbidities and older adults; most active in winter and early
                              spring.

                           
                           

                        
                        
                        	
                           
                           
                           RSV:  Reinfection is common, though generally more mild.

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Orthomyxoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Influenza A and influenza
                        B.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Influenza.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Primarily spread
                        among individuals via respiratory secretions as large droplets or droplet
                        nuclei, or aerosols are deposed onto the mucosal surfaces of the upper or
                        lower respiratory tract of a susceptible person during close contact with an
                        infected person. The primary mode of transmission seems to be through large
                        droplets. The extent of transmission by hands or fomites is unknown, but it
                        is not considered to be primary.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Asymptomatic and
                        presymptomatic transmission causes a major challenge with influenza; the
                        virus may be detectable 24 to 48 hours after infection and around 24 hours
                        before symptom onset. The incubation period may be two to four days.
                        Influenza A frequently mutates within reservoirs, resisting eradication and
                        necessitating continually updated vaccines. The rapidly changing virus can
                        lead to pandemic conditions.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Coronaviridae

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: COVID-19.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Person-to-person
                        close contact through respiratory droplets.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Due to the recent
                        emergence of COVID-19, research is ongoing. It may be spread
                        presymptomatically 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.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Picornaviridae

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism
                           characteristics: Non-enveloped RNA virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused:

                     
                     
                     
                     
                        
                        	
                           
                           
                           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.

                           
                           

                        
                        
                        	
                           
                           
                           Rhinovirus: Common cold, laryngitis, tracheitis, and bronchitis. May have
                                 role in acute sinus infections, otitis media, asthma, and
                                 chronic bronchitis.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           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.

                           
                           

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

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional
                           notes:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Enterovirus: Enterovirus season typically runs
                              from July to October.

                           
                           

                        
                        
                        	
                           
                           
                           Hepatitis A: Vaccination is available.

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Respirovirus

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Parainfluenza virus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Croup, common cold
                        syndrome, laryngotracheobronchitis, bronchiolitis, pneumonia.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Droplet.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Reinfection is common,
                        though generally more mild.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Adenoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Adenovirus (divided into seven species, A
                           through G).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Respiratory and
                        gastrointestinal (GI) infections. GI infections primarily affect infants and
                        young children.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Droplet or
                        fecal-oral transmission from individuals with acute infection or
                        asymptomatic viral shedding postinfection.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Herpesviridae

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused:

                     
                     
                     
                     
                        
                        	
                           
                           
                           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.

                                 
                                 

                              

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Caliciviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Norovirus, also known as Norwalk-like virus. Five
                              genogroups (GI through GV); most human diseases are caused by GI and
                              GII.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Acute onset
                        gastroenteritis.

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Causes the majority of
                        acute viral gastroenteritis disease worldwide. Virus is highly infectious,
                        and infected persons can remain contagious for up to three weeks following
                        recovery due to asymptomatic viral shedding.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Hepadnaviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Hepadnavirus (hepatitis
                        B), also known as serum hepatitis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Hepatitis B, also known as serum hepatitis. Symptoms include anorexia,
                        abdominal discomfort, nausea and vomiting, arthralgias, rash,
                        jaundice.

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Vaccination is available for hepatitis B.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Retroviridae (HIV)

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Acute retroviral
                        symptoms, HIV, acquired immunodeficiency 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.

                     
                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Orthopoxvirus

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Mpox (formerly known as
                        Monkeypox).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Mpox.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Person-to-person.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Vaccination is
                        available; previous smallpox vaccination is protective.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         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. 

            
            

         
         
         
         
         
            
            
            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.
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Candida
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Infection(s)
                           caused:
                        

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           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: Yeast. 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. Candida are present as normal oral, skin,
                        and GI tract flora.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            
               Aspergillus
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Invasive pulmonary
                        aspergillosis, otomycosis, opportunistic infections, aspergilloma,
                        toxicosis, allergic reactions, sarcoidosis.

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: This is an ubiquitous,
                        naturally occurring, spore-forming mold.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Cryptococcus
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Cryptococcosis;
                        cryptococcal meningitis; opportunistic infections; acute and chronic
                        pulmonary infections; disseminated central nervous system, cutaneous, eye,
                        sinus, ear, and other organ infections.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Contact, inhalation.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes:
                        Spore-forming yeast; naturally occurring with decay of organic matter. 

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Histoplasma
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Acute pulmonary
                        histoplasmosis, often self-limited; chronic and cavitary histoplasmosis in
                        individuals with underlying lung disease; disseminated/systemic mycosis in
                        immunocompromised individuals and older adults.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Inhalation, contact.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Has both mold and yeast
                        phases.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Coccidioides
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Coccidioidomycosis;
                        transient and chronic pulmonary infections. Systemic mycosis begins in
                        respiratory tract and disseminates to meninges, bone, skin, joints, lymph
                        nodes, and subcutaneous tissue.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Inhalation.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Has both mold and yeast
                        phases.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Blastomyces
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Blastomyces
                           dermatitidis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Blastomycosis;
                        self-limited or asymptomatic localized pulmonary lesions; cutaneous and
                        disseminated and systemic mycoses in immunocompromised individuals; chronic
                        infections of skin, genitourinary (GU) tract, bone, and kidney.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission: Inhalation; contact.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Additional notes: Has both mold and yeast
                        phases.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Pneumocystis
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Pneumonitis,
                        interstitial pneumonia in immunocompromised individuals.

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         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)

                        
                        

                     
                     
                     	
                        
                        
                        Mastigophora (flagellates)

                        
                        

                     
                     
                     	
                        
                        
                        Ciliophora (ciliates)

                        
                        

                     
                     
                     	
                        
                        
                        Sporozoa
                              (organisms whose adult stage is not motile)

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  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.

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  As demonstrated by the above categories,
                     parasites may cause a wide range of issues. Of particular importance to LTC
                     facilities are those that commonly cause gastrointestional and skin infections
                     and other issues. Additionally, common exposure routes for these parasites
                     include undercooked or contaminated food, making food safety procedures crucial
                     to resident safety.

                  
                  

            
            

         
         
         
         
         
            
            
            Scabies

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Scabies.

                     
                     

                  
                  
                  
                  	
                     
                     
                     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: Adults have a round
                        body and four pairs of legs; females are larger than males and measure less
                        than 0.5 millimeters long. 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.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Bedbugs

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Cimex
                           lectularius.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: Bedbug infestation;
                        bites 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.
                        Bedbugs are small, reddish brown, flattened, wingless insects up to 7
                        millimeters in length; their eggs are white, measuring 0.1 centimeters in
                        length, and have an adherent coating.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Pediculosis

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused:

                     
                     
                     
                     
                        
                        	
                           
                           
                           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. Lice are visible (2 to 3 millimeters long)
                        wingless parasites with three pairs of lateral legs ending in “claws.”

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Giardia
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection(s) caused: 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. 

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section C: General Principles of Epidemiology and
            Testing

         
         
         
         
            
            
            
               After completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Define epidemiology and the important terms associated with it.

                  
                  

               
               
               
               	
                  
                  
                  Differentiate between types of statistical association.

                  
                  

               
               
               
               	
                  
                  
                  Use common epidemiological models to describe the relationship between the
                     host, the environment, and the infectious agents (and the component
                     variables affecting those items).

                  
                  

               
               
               
               	
                  
                  
                  Describe the chain of infection and how to use specific strategies to disrupt
                     the chain.

                  
                  

               
               
               
               	
                  
                  
                  Explain how tests are used to observe and confirm infections.

                  
                  

               
               
               
               	
                  
                  
                  Convey basic principles to ensure that test samples are valid from collection
                     to storage to transportation.

                  
                  

               
               
               
               	
                  
                  
                  Define the tests commonly used in LTC environments.

                  
                  

               
               
               
               	
                  
                  
                  Describe the importance and use of susceptibility pattern interpretation.

                  
                  

               
               

            
            
            
            Epidemiology and testing are key to understanding the spread of pathogens through
               the
               LTC environment and the larger environment surrounding it.

            
            

         
         
         
         
   
      
         
         
         
         What Is
            Epidemiology?

         
         
         
         
            
            
            
            Epidemiology is the study of the distribution and determinants of
               disease and other conditions in defined populations and the application of this
               study to the control of health problems. It is both a body of knowledge and a method
               of study. The primary purpose of epidemiology is to aid in understanding the causes
               of a disease by knowing its distribution; its determinants in terms of person,
               place, and time; and its natural history. Understanding the elements involved in the
               transmission of infection enables infection preventionists (IPs) to develop
               strategies that target specific areas in the transmission process.

            
            
            
            
               Key Point

               
                  
                  
                  Epidemiology, unlike clinical medicine, is
                     population-based, and so it is useful for describing health-related phenomena in
                     groups of people. Although epidemiology studies groups of people rather than an
                     individual patient or resident, its principles are used
                     widely in all areas of healthcare. Epidemiology provides information for
                     community and preventive medicine, analysis of health assessments, safety
                     programs, utilization review and management of resources, and health planning
                     and forecasting.

                  
                  

            
            
            
            In
               particular, epidemiology may be used to examine key factors and results before,
               during, and following an intervention to determine how the intervention affected the
               status of the disease. This can lead to better information to use in the future by
               identifying common risk factors and successful transmission prevention strategies
               and determining optimal treatment courses for a given population.

            
            
            
            Epidemiology allows IPs and other healthcare
               personnel (HCP) to identify subgroups who have a higher risk of contracting certain
               diseases. This can help in directing preventive efforts and/or allow for the
               modification of the subgroup’s risk factors. While characteristics such as age and
               sex are not modifiable, lifestyle factors such as obesity, diet, and smoking may
               provide opportunities to modify and reduce risk. Other potentially modifiable risks
               may be especially applicable to contracting healthcare-associated illnesses, such as the use of invasive procedures, an
                  individual having another severe illness, the lack of use of best practices for
                  prevention, and the overuse or improper use of antibiotics.

            
            
            
            In order to yield accurate and useful
               information, epidemiology must look beyond the obvious and immediate relations
               around a disease. Because of the complexity of the relationships between host,
               agent, and environment, the focus of the epidemiological observation must be
               wide.

            
            
            
            Any factors that influence human health may be
               considered—the presence of infectious or chronic diseases, the use of substances
               like drugs and alcohol, diet and exercise habits, immunization and medical
               histories, workplace and home environments, and many others. Many relationships
               between a risk factor or treatment strategy and a specific outcome such as infection
               or successful intervention may be observed, making the understanding of association
               and causation and the recognition of the difference between them crucial.

            
            

         
         
         
         
         
            
            
            Association Versus Causation and
               Hill’s Criteria

            
            
            
            
               
               
               
               Association is the relationship between a risk factor and an outcome
                  such as a disease. It occurs if, as one variable changes, there is a concomitant or
                  resultant change in the quantity or quality of another variable. There are three
                  types of statistical association:

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Artificial or spurious.
                           
                        These
                           associations occur by chance and are often referred to as random error.
                           They increase as the number of factors or variables studied
                           increases.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Indirect or noncausal.
                           
                        These may
                           result from the mixing of relationships between variables, such as
                           between exposure, disease, and a third unrelated variable (known as a
                           confounding variable). The confounding variable may be associated with
                           the other variables through a direct relationship with both; however,
                           the confounding variable does not exist on the path between the two
                           variables. When studies fail to control for confounding variables,
                           artificial and incorrect associations may be identified.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Causal.
                           
                        These result
                           when one factor changes another, for example, when evidence indicates
                           that a factor is clearly shown to increase the probability of the
                           occurrence of a disease. In a causal relationship, the reduction, or
                           diminution, of a factor decreases the frequency of the disease being
                           studied.
                        

                     
                     

                  
                  

               
               
               
               
                  Key Point

                  
                     
                     
                     A causal association or relationship should
                        not be confused with causality. A causal association is a necessary component of
                        causality; however, there are a number of other conditions that must be
                        satisfied for something to be described as causality.

                     
                     

               
               
               
               Note that error, such as random error, occurs
                  in all studies. It is not possible to control for all sources of random error.
                  However, systemic error or bias should be avoided. Bias refers to an error in the
                  design or conduct of a study that results in an incorrect understanding of the
                  association between the variable and the outcome. It may be caused by a variety of
                  reasons, including the instrument, the observer, the data collection method, the
                  case and control group selection, or an inappropriate choice of a statistical
                  test, among other causes. It may result in the failure to
                  identify an association when one actually exists or create an apparent association
                  where there is none.

               
               
               
               The currently used criteria for causality are known as
                  Hill’s criteria. These criteria are equally applicable to infectious and
                  noninfectious diseases. They use modern epidemiological methods to determine whether
                  a factor is causal for a given disease, as shown in Exhibit 2-7.

               
               
               
               
                  Exhibit 2-7: Hill’s Criteria for Causation
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Criterion

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Description

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Strength of
                                          association

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The stronger the association between an exposure
                                       and a disease, the more likely the exposure is to be causal
                                       (e.g., lung cancer is common in those who smoke).

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Consistency

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The association should be observed in numerous
                                       studies, preferably by different researchers using different
                                       research methodologies.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Specificity

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Association between one factor and one disease is
                                       more likely to be causal. Also, the extent to which occurrence
                                       of one factor can predict occurrence of another (disease).
                                       One-to-one relationship is rare due to multifactorial causes of
                                       most diseases; the same factor(s) can cause more than one
                                       disease.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Temporality

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Exposure to the hypothesized causal factor must
                                       precede onset of disease.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Biological gradient

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A dose-response relationship between increased
                                       exposure to a factor and increased likelihood of disease. For
                                       example, the longer one smokes, the more likely one is to
                                       develop lung cancer.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Biologically plausible

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Plausible in light of current knowledge.
                                       Biological knowledge is ever-expanding, so lack of biological
                                       plausibility does not disprove a theoretical association per
                                       se.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Coherence

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Association must be in accordance with other
                                       facts known about the natural history of the disease.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Experimental knowledge

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Adds considerable weight to evidence supporting
                                       causal associations. Can be animal studies or clinical
                                       trials.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Analogy

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    If similar associations have been shown to be
                                       causal, association is more likely to be causal.

                                    
                                    
                                 

                              
                           

                        

                     
                     
                     
                     
                        Source: Adapted from Samantha M.
                           Tweeten, “General Principles of Epidemiology,” in APIC Text, K. M. Boston et al., eds.,
                           2022.
                        

                     
                     

                  
               
               
               
               Note that
                  Hill did not see these criteria being used as a checklist, nor did he see some being
                  more important than others. Therefore, not every criterion necessarily needs to be
                  met. As cited in “General Principles of Epidemiology” in the APIC Text, Rothman and Greenland state that only
                  temporality is inarguably of importance.

               
               
               
               
                  Key Point

                  
                     
                     
                     Statistics cannot prove either an association
                        or causality; it can merely suggest that an association exists.

                     
                     

               
               

            
            

         
         
         
         
            
            
            Prevention Levels 

            
            
            
            
               
               
               
               One of the many uses of epidemiology is to apply the information that is gathered
                  to various forms of disease prevention. There are three categories of
                  prevention, which are sometimes referred to as Leavell’s levels: primary,
                  secondary, and tertiary.

               
               
               
               
                  
                  
                  	
                     
                     
                     Primary prevention involves the
                        complete prevention of a disease before any manifestation of the disease
                        occurs, preferably before the occurrence of any preclinical changes that
                        may lead to disease. Examples of primary prevention include health
                        promotion programs, such as wellness programs, and specific protections,
                        such as immunization.

                     

                  
                  
                  
                  	
                     
                     
                     Secondary prevention refers to early
                        diagnosis of disease so that treatment can begin as early as possible
                        and prevent, to the extent possible, further consequences of disease
                        such as complications, disability, and death. It includes skin testing
                        in tuberculosis, mammograms for early detection of breast cancer, and
                        stopping smoking in people with chronic bronchitis.

                     

                  
                  
                  
                  	
                     
                     
                     Tertiary prevention seeks to improve
                        quality of life by reducing disability and restoring function to the
                        extent possible. It occurs after the disease is well established and may
                        include rehabilitation and organ transplantation.

                     

                  
                  

               
               
               
               Stages of the natural progression of a condition and their relationship to these
                  prevention levels are depicted in Exhibit 2-8. 

               
               
               
               
                  Exhibit 2-8: Primary, Secondary, and Tertiary Prevention in Epidemiology[image: A chart showing four stages of disease progression aligned with levels of prevention. Go to long description for more details.]
               
                  Adapted from drawing by M. J. Clark,
                     Nursing in the
                        Community. Norwalk, Connecticut: Appleton & Lange: 1992.
                  

               
                  Go to long description.
                  

               
               
               
               
               These types of prevention efforts occur across various healthcare systems,
                  including public health initiatives by the government as well as facility and
                  health system efforts. They also include workplace programs to improve
                  occupational health. IPs must be aware of and target these prevention levels as
                  well, as they play a crucial role in IPC plans. In that area, these programs may
                  take many forms, for example, vaccination programs to prevent disease
                  transmission or HCP education efforts to reduce the incidence of HAIs. 

               
               

            
            

         
         
         
         
            
            
            Epidemiological Terminology

            
            
            
            
               
               
               
                  
                  
                  
                  In order to understand the results of epidemiological
                     studies, it is important to be familiar with a number of terms. Many terms are
                     defined throughout this learning system; other terms are described in Exhibit 2-9.

                  
                  
                  
                  
                     Exhibit 2-9: Epidemiological Terminology
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	 
                                    
                                    
                                    
                                    	 
                                    
                                    

                                 
                                 
                              
                              
                              
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Incidence
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                        The number of new cases of a given disease in a given time
                                          period. For example, the number of newly diagnosed
                                          cases of active tuberculosis in a calendar year in a
                                          given county is the incidence of tuberculosis in
                                          that county, or the number of new CLABSIs (central
                                          line-associated bloodstream infections) in the
                                          intensive care unit in January is the incidence of
                                          CLABSI in the ICU in January. 

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Prevalence
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       The number of existing cases of a given disease at a given
                                          time. For example, all active tuberculosis cases in
                                          the same county at the midpoint of the calendar year
                                          or all residents in the ICU with MRSA
                                          in January of a given year. This level is not
                                          necessarily the desired level (which may be zero),
                                          but is instead the observed level. 

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Endemic
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       The usual incidence of a given disease within a
                                          geographical area during a specified time period.
                                          This is also referred to as the baseline of the
                                          disease.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Epidemic

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       An excess over the expected incidence of disease
                                          within a given geographical area during a specified
                                          time period. It should be noted that an epidemic is
                                          not defined on the absolute number of cases but on
                                          the number of cases in comparison to what is
                                          expected. For diseases already present in the
                                          community, it is necessary to know the number of
                                          existing cases (prevalence) as well as new cases
                                          (incidence) to determine whether an increase has
                                          occurred. One case of measles, for example, may be
                                          considered an epidemic.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Pandemic
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       An epidemic spread over a wide geographical
                                          area, across countries or continents.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Outbreak
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       An infection event characterized by a notable,
                                          often sudden increase in the number of cases of a
                                          disease, above the expected norm of a given
                                          population, or the presence of unusual
                                          microbes.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Cluster
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       A group of persons with a given disease
                                          occurring in the same space and time. If an
                                          epidemiological link is made, it may become an
                                          outbreak.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Vector
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       In biology, a living thing (i.e., insects,
                                          rodents, birds, plants, or humans) that carry an
                                          infectious agent or pathogen to a susceptible host,
                                          such as human-to-human, or from a bloodsucking
                                          insect to humans.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Reservoir
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       A
                                          place in which an infectious agent can survive but
                                          may or may not multiply, for example, Pseudomonas in nebulizers and hepatitis B on
                                          the surface of a hemodialysis machine. HCP may also
                                          be reservoirs for certain HAI organisms.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Zoonosis
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       A disease transmitted from animals to humans
                                          (e.g., cat scratch fever, psittacosis,
                                          rabies).

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Fomite
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       An inanimate object on which organisms may exist
                                          for some period of time, for example, a contaminated
                                          piece of medical equipment.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          
                                          Herd
                                             immunity
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       The resistance of a group to invasion and spread
                                          of an infectious agent, based on the immunity of a
                                          high proportion of individual members of the group
                                          (e.g., mass vaccination campaigns).

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Risk
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       The probability or likelihood of an event
                                          occurring.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Risk
                                             factor
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       A characteristic, behavior, or experience that
                                          increases the probability of developing a negative
                                          health status (e.g., disease,
                                          infection).

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          Colonization
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       The presence of microorganisms in or on a host
                                          with growth and multiplication but without tissue
                                          invasion or damage or the clinical evidence of
                                          disease.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Infection—unapparent, asymptomatic, or
                                             subclinical
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       An infection that runs a course similar to that
                                          of clinical disease but below the threshold of
                                          discernible clinical symptoms. Although the host
                                          appears well, they may serve as silent or unapparent
                                          disseminators of the infectious agent (i.e.,
                                          “Typhoid” Mary Malone).

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Infection—apparent, clinical, or
                                             symptomatic
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       An infection that results in clinical signs and
                                          symptoms of a recognizable disease
                                          process.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Healthcare-associated infection
                                             (HAI)
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       An infection that is not present at the time of
                                          admission to a healthcare facility but is temporally
                                          associated with admission to or a procedure
                                          performed in the facility. An infection present at
                                          the time of admission may also be
                                          healthcare-associated if it is related to a recent
                                          encounter with a healthcare environment.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          
                                          Community-acquired infection
                                             (CAI)
                                          

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       An infection that is typically present within 48
                                          hours of admission to a healthcare facility and has
                                          no association with a recent encounter with a
                                          healthcare environment.

                                       
                                       
                                    
                                    

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       
                                          Contamination

                                       
                                       
                                    
                                    
                                    
                                    	
                                       
                                       
                                       The presence of an infectious agent on a body
                                          surface or inanimate object. Inanimate objects
                                          include but are not limited to textiles, hard
                                          surfaces, medical equipment, wound dressings, and
                                          food and beverages.

                                       
                                       
                                    
                                    

                                 
                                 
                              

                           

                        
                        

                     
                  
                  

               

            
            

         
         
   
      
         
         
         
         General
            Epidemiological Models

         
         
         
         
            
            
            
            Basic epidemiological models include the
               epidemiological triangle and the wheel and web models of disease causation.

            
            

         
         
         
         
         
            
            
            Epidemiological Triangle 

            
            
            
            
               
               
               
               The
                  epidemiological triangle consists of three elements:

               
               
               
               
                  
                  
                  	
                     
                     
                     The host, which may be a human or other
                        animal.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        environment, which is all
                        external factors associated with the host.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The agent, which may be a bacteria, virus,
                        fungus, protozoan, helminth, or prion.

                     
                     

                  
                  

               
               
               
               As represented in Exhibit 2-10, the epidemiological triangle is a simple but dynamic
                  system. A change to any of the three elements changes the existing equilibrium;
                  the change may result in an increase or decrease in the frequency of disease.
                  Changes may be expected or unexpected and may take many forms.

               
               
               
               
                  Exhibit 2-10: Epidemiological Triangle[image: A triangle represents the three components involved in the spread of disease. Each corner of the triangle is labeled: Host, Agent, and Environment. Curved arrows connect each component to the others in a continuous cycle.]
               
               
               

            
            

         
         
         
         
            
            
            Wheel Model of Disease Causation
               

            
            
            
            
               
               
               
               The wheel model, depicted in Exhibit 2-11, consists of a hub (the host or human)
                  with an inner core of genetic information. The environment surrounding the host
                  is divided into three parts: physical, biological, and social. The size of each
                  component is related to the disease process under consideration. For example,
                  the genetic core is large for hereditary disease and small for childhood viral
                  diseases. This model does not emphasize the agent per se. Instead, it focuses on
                  the interactions between the host and the environment and between the agent and
                  the environment.

               
               
               
               
                  Exhibit 2-11: Wheel Model of Disease Causation[image: Wheel Model of Disease Causation: A central “Genetic core” is surrounded by “Host (human),” with outer segments showing environmental influences—Biological, Social, and Physical.]
               
               
               

            
            

         
         
         
         
            
            
            Web Model of Disease Causation
               

            
            
            
            
               
               
               
               Another model for describing how disease
                  occurs is the web model of disease causation, also called the “web of
                  causation,” depicted in Exhibit 2-12. This model aims to capture the more
                  complex interactions between the biological (host), environmental, and social
                  factors that contribute to disease. It emphasizes the contributions of the
                  social and political aspects of human life and how these are interrelated to
                  other contributing factors.

               
               
               
               
                  Exhibit 2-12: Web Model of Disease Causation[image: Diagram of the web of causation showing how multiple factors contribute to disease. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               

            
            

         
         
         
         
            
            
            Chain of
               Infection

            
            
            
            
               
               
               
               The infection process can be described as a
                  chain, as seen in Exhibit 2-13.
                  Breaking the links of this chain can prevent infection, but first each link must
                  be understood. Each component, or link, in the chain is connected to another
                  link in the chain.

               
               
               
               
                  Exhibit 2-13: Chain of Infection[image: Chain of infection diagram with six linked ovals: Causative agent, Reservoir, Portal of exit, Transmission mode, Portal of entry, and Susceptible host, forming a continuous cycle with a curved arrow.]
               
               
               
               
               Now we will examine each component of the
                  chain in more detail.

               
               

            
            
            
            
               
               
               Causative Agent

               
               
               
               
                  
                  
                  
                  A causative
                        agent is a biological, physical, or chemical entity capable of causing
                     disease. Biological agents may be bacteria, viruses, fungi, protozoa, helminths, or
                     prions. Some biological agents have characteristics that make them more successful
                     in causing infection.

                  
                  
                  
                  To cause disease, these agents must be invasive
                     enough to enter tissues, multiply, and cause some amount of damage. They must be
                     sufficiently virulent to be pathogenic—that is, the disease is likely to cause
                     severe harm to the host/resident. The infectious dose (the number of organisms
                     required to cause disease) and how viable an organism is in the free state also
                     determine whether infection will develop.

                  
                  
                  
                  Host specificity affects organism success as well.
                     An organism causing disease only in marmosets probably will not have success in
                     causing infection in humans.

                  
                  
                  
                  
                     As discussed elsewhere,
                        organisms
                     
                        may also have specific adaptations that help them succeed, such as high rates of
                        antigenic variation that help to circumvent host-immune responses. This is the
                        case with influenza, in which the outer protein antigens change from year to
                        year, necessitating the yearly development of a new influenza vaccine.
                     

                  
                  

               
               

            
            
            
            
               
               
               Reservoir

               
               
               
               
                  
                  
                  
                  The next link in the chain is the reservoir, which is a
                     place in which an infectious agent can survive but may or may not multiply, for example, Pseudomonas in
                        nebulizers and hepatitis B on the surface of a hemodialysis machine. There
                     are three common reservoirs of interest: humans, animals, and the environment.

                  
                  
                  
                  Common reservoirs related to healthcare-associated
                     infections include residents and patients, HCP, healthcare
                     equipment, and the environment. Human reservoirs are generally individuals with the
                     disease in question, either acute clinical or subclinical cases or carriers.

                  
                  
                  
                  A carrier is a person who
                     shows no recognizable signs or symptoms of a disease but is capable of
                     spreading the disease to others, for example, a healthcare worker with group
                     A Streptococcus. Convalescent carriers are
                     those who have recovered from the disease but still have organisms present
                     that can be transmitted. For example, an individual with Clostridioides difficile may continue to
                     shed bacteria in the stool for several weeks after diarrhea has subsided.
                     Chronic carriers or
                     sustained carriers
                     may continue to have organisms present for very long periods of time.
                     “Typhoid” Mary Malone (1869–1938) is an example. She was a healthy carrier
                     of Salmonella typhi who
                     became synonymous with the spread of disease as she continued to provide
                     domestic services, including cooking, despite being diagnosed with a mild
                     form of typhoid. While evading authorities and moving from household to
                     household for years, she likely contaminated everything and everyone she
                     came into contact with, leading to infection spread. Intermittent carriers periodically shed
                     organisms.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        The following are
                           two crucial concepts to understand with regard to
                           carriers:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Some
                                 diseases may be transmitted by a carrier before
                                 they become symptomatic.

                              
                              

                           
                           
                           	
                              
                              
                              Some
                                 carriers may live long and healthy lives with the
                                 organism present.

                              
                              

                           

                        
                        
                        
                        Both of these
                           circumstances present a particular risk of
                           transmission to susceptible hosts in the healthcare
                           setting because they are less likely to be
                           recognized. There may be no indication that they are
                           ill or that they may be infectious. Precautionary
                           measures to prevent transmission are less likely to
                           be instituted because illness is not apparent.

                        
                        
                        

                  
                  

               
               

            
            
            
            
               
               
               Portal of Exit

               
               
               
               
                  
                  
                  
                  The portal of exit is the path by which an
                     infectious agent leaves the reservoir. Common portals of exit include:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The respiratory tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The genitourinary tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The gastrointestinal tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The skin/mucous membranes.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Transplacental (mother to
                           fetus).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Blood.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Mode of Transmission

               
               
               
               
                  
                  
                  
                  The mode of
                        transmission is the method by which the organism reaches a susceptible
                     host.

                  
                  
                  
                  Contact
                     transmission is of particular concern in the healthcare setting. Direct contact is person-to-person
                     spread with actual physical contact occurring between a source and a susceptible
                     host. Indirect contact may occur
                     when an individual comes in contact with a contaminated intermediate object or
                     fomite. Some organisms, such as methicillin-resistant Staphylococcus aureus (MRSA) or
                     vancomycin-resistant enterococci (VRE), may survive
                     for days or weeks in the environment and contribute to direct or indirect contact
                     transmission.

                  
                  
                  
                  Droplet transmission occurs when infectious agents travel on relatively
                     large respiratory droplets (greater than 5 to 10 micrometers [μm] in diameter) that
                     people sneeze, cough, or exhale. These spend only a brief period passing through the
                     air and can be inhaled at that time. Droplets may arise from speaking, coughing, or
                     sneezing. Because heavy droplets travel only a short distance, generally three to
                     six feet or less, the infected person and the susceptible host need to be relatively
                     close to each other for efficient transmission to occur.

                  
                  
                  
                  Airborne
                        spread is an efficient mode of transmission, and it may involve varying
                     distances between the source and the host. The most efficient means of airborne
                     transmission is by droplet nuclei. These nuclei (sometimes called aerosols) are very
                     small, about 1 to 5 μm, and they can be suspended in air for extended periods of
                     time. The small size of the particles and their ability to remain suspended in air
                     also means that they may spread through ventilation systems. Aerosol-generating
                     procedures such as nebulizer treatments and bronchoscopy may result in
                     aerosolization of organisms not normally transmitted through aerosols. Larger
                     particles may also be airborne, but they do not generally remain suspended in air
                     as
                     long as the smaller droplet-sized particles.

                  
                  
                  
                  Common vehicles, such as food and water, may
                     also transmit infectious agents. In active direct transmission with a common source,
                     the organism first replicates in the vehicle, producing a larger dose of the
                     organism, such as Salmonella in
                     raw chicken, which is then ingested. Passive or indirect transmission may occur if
                     the organism is simply present, with no increase in loading dose required. An
                     example is food contaminated with the hepatitis A virus. The virus does not
                     replicate in the food, but when the food is ingested, it may cause infection.

                  
                  
                  
                  Vectors, such as insects, may transmit
                     infectious organisms. External
                        vector-borne transmission is the mechanical transfer of microorganisms by
                     a vector, such as a fly on food. Internal vector-borne transmission involves transfer of infectious
                     material directly from the vector into the new host, such as occurs with mosquitoes
                     and malaria, fleas and plague, and louse-borne typhus. The vector may simply harbor
                     the infectious organism with no biological interaction taking place, or the agent
                     may actually undergo changes within the vector.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        It is important to understand that some agents
                           (bacteria, viruses, toxins, etc.) may have more than one mode of
                           transmission.

                        
                        

                  
                  

               
               

            
            
            
            
               
               
               Portal of Entry

               
               
               
               
                  
                  
                  
                  The portal of entry is the means by which an
                     infectious agent enters a susceptible host. Many of these also function as a
                     portal of exit. Common portals of entry include:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The respiratory tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The genitourinary tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The gastrointestinal tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The skin/mucous membranes.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Transplacental (fetus to
                           mother).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Parenteral (percutaneous via
                           blood).

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Susceptible Host

               
               
               
               
                  
                  
                  
                  The susceptible host is the portion of the chain that ultimately
                     becomes infected by the initial causative agent from the first step of the chain of
                     infection.  The susceptible host has
                        multiple characteristics that may influence susceptibility to and severity of
                        disease. These include:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Age (e.g., “childhood diseases” and
                           chronic diseases for older residents).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sex (e.g., reproductive diseases).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ethnicity.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Socioeconomic status.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Marital status (e.g., in studies of
                           stress-related diseases).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Lifestyle.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Heredity (e.g., sickle cell
                           anemia).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Nutritional status.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Occupation (e.g., coal miners and black
                           lung disease).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Immunization status.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Diagnostic/therapeutic procedures
                           (e.g., organ transplant residents).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Medications (e.g., steroids increasing
                           the risk of infection).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Pregnancy.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Trauma (e.g., skin break, inflammatory
                           responses).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Immune status (e.g., AIDS, leukemia).

                        
                        

                     
                     

                  
                  
                  
                  These characteristics may positively or
                     negatively affect host susceptibility, and none of them exist completely
                     independently of the others. Some, like immunization status, may be
                     controlled or influenced by the host; others, like age and ethnicity, are
                     not.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        In addition to
                           these characteristics, the susceptible host has several nonspecific defense
                           mechanisms that may modify the risks of becoming infected and developing
                           disease, most of which are discussed elsewhere. These
                           include normal flora, the host’s natural antibodies, natural barriers of entry,
                           and good nutritional status.

                        
                        

                  
                  

               
               

            
            
            
            
               
               
               Breaking the Chain

               
               
               
               
                  
                  
                  
                  Control of infectious diseases involves breaking
                     the chain of infection by altering the host, the environment, or the agent. Examples for each are listed below.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        For the agent:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Proper storage, handling, and
                                 cooking of food

                              
                              

                           
                           
                           	
                              
                              
                              Proper treatment of sewage and
                                 wastewater

                              
                              

                           
                           
                           	
                              
                              
                              Correct implementation of
                                 cleaning and sterilization techniques for medical equipment

                              
                              

                           
                           
                           	
                              
                              
                              Proper antimicrobial
                                 stewardship

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        For the host:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Education, including on ways
                                 they can prevent spread to others

                              
                              

                           
                           
                           	
                              
                              
                              Implementation of standard and
                                 transmission-based precautions: hand hygiene, personal protective
                                 equipment (PPE), respiratory etiquette, etc.

                              
                              

                           
                           
                           	
                              
                              
                              Immunization

                              
                              

                           
                           
                           	
                              
                              
                              Treatment of underlying
                                 conditions/disease

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        For the environment/reservoir:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Restricting access between
                                 infected individuals, including HCP, and susceptible hosts, with a
                                 focus on avoiding the effective mode of transmission for the disease
                                 in question

                              
                              

                           
                           
                           	
                              
                              
                              Environmental cleaning,
                                 disinfecting, and sterilization (instruments, equipment, and resident
                                 care environment)

                              
                              

                           
                           
                           	
                              
                              
                              Pest control

                              
                              

                           

                        
                        

                     
                     

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Some of these examples require the agreement
                           and cooperation of other individuals, which may not always be a given. Educating
                           the host on how to prevent spread works only if the host implements what they
                           learn; restricting access between HCP and susceptible hosts works only if the
                           HCP follows the restrictions set out for them. Given this and other potential
                           complications, it is best to not rely on a single method or focus on a single
                           link in the chain of infection.

                        
                        

                  
                  
                  
                  Common methods to break the chain of infection
                     at any given link are shown in Exhibit 2-14.

                  
                  
                  
                  
                     Exhibit 2-14: Breaking the Chain[image: Chain of infection with six links: Causative Agent, Reservoir, Portal of exit, Transmission mode, Portal of entry, and Susceptible host. Each includes icons and prevention tips. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Common Tests Used in LTC Settings

         
         
         
         
            
            
            
            At many LTC facilities,
               identification of pathogens may be delayed due to lack of access to laboratory
               diagnostic testing and to the complexity of laboratory tests for some pathogens such
               as norovirus. That being said, tests are used for a multitude of reasons in LTC
               facilities, including but not limited to resident health and safety, infection
               surveillance, and antimicrobial stewardship.

            
            
            
            There are various ways these uses may manifest, for example:

            
            
            
            
               
               
               	
                  
                  
                  IPs must be able to interpret hepatitis serology laboratory reports if the
                     facility has residents on dialysis.

                  
                  

               
               
               
               	
                  
                  
                  Analysis of laboratory reports may be necessary to determine if continued use
                     of an antibiotic is clinically justified beyond the initial duration
                     ordered.

                  
                  

               
               
               
               	
                  
                  
                  Review of residents’ past medical and vaccination history, medications, and
                     laboratory and radiology tests may be used during admission decisions for a
                     potential resident.

                  
                  

               
               
               
               	
                  
                  
                  Nurses can provide safer care to the residents when they are able to
                     recognize abnormal laboratory findings accurately and report those findings
                     to the medical provider in a timely manner.

                  
                  

               
               

            
            
            
            IPs and other non-physician healthcare professionals in LTC facilities do not have
               a
               primary responsibility to interpret overall testing results; that responsibility
               remains with primary care providers for a given resident. However, due to the above
               reasons, it is important that those professionals in LTC facilities are able to
               recognize basic laboratory reports and normal findings for the reasons above, among
               others.

            
            

         
         
         
         
         
            
            
            Examples of Common Tests

            
            
            
            
               
               
               
               Tests help provide definitive diagnoses of infectious diseases or processes. This
                  can
                  be accomplished in several ways:

               
               
               
               
                  
                  
                  	
                     
                     
                     Determination of the
                        presence of an infectious agent, a substance known to cause disease, by
                        direct visualization of the agent in the patient’s specimen (e.g., Plasmodium falciparum, the causative
                        agent of malaria, in red blood cells), by detecting antigens or genetic
                        material specific to the agent (e.g., hepatitis B surface antigen), or by
                        recovering the agent in culture of the patient’s specimen (e.g., wound,
                        urine, blood, throat, sputum)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Detecting in clinical specimens those product(s) resulting from a specific
                        infectious agent (e.g., C. difficile toxin
                        in feces)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Detecting the presence of an infectious agent through nucleic acid
                        hybridization and amplification techniques

                     
                     

                  
                  

               
               
               
               Examples of tests common to LTC facilities are listed in Exhibit 2-15.

               
               
               
               
                  Exhibit 2-15: Common Tests in LTC facilities
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Test Name

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Description

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Use, Normal Results,
                                       or Notes

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Gram stain

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Uses a crystal
                                       violet/iodine dye to stain bacteria cell walls. An
                                       alcohol wash is then used. Gram-positive bacteria remain
                                       stained due to resistance to alcohol caused by their
                                       thick peptidoglycan cell wall; Gram-negative bacteria
                                       lose the stain, as the alcohol disrupts the
                                       lipopolysaccharide layer from their cell wall, releasing
                                       the dye.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The retention of the
                                       stain, including the intensity of the color, can help
                                       classify the bacteria being observed. As such, a normal
                                       result would depend on the type of bacteria that is
                                       being searched for.

                                    
                                    
                                    
                                    There are other
                                       types of stains to identify organisms that stain poorly
                                       using this technique; these tests are used, but are less
                                       common, in LTC facilities.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Antibody

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    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).

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Radioimmunoassay (RIA).

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Antigen

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Antigen detection is a
                                       direct method of testing 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.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    These 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
                                       structures). 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.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Nucleic acid amplification
                                       (NAAT or PCR)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Nucleic acid probes
                                       (i.e., segments of DNA or RNA) are labeled with reporter
                                       molecules (i.e., radioisotopes, enzymes, or
                                       chemiluminescence). The probes bind to complementary
                                       nucleic acid sequences and can be used to identify
                                       pathogens directly from specimen samples or culture
                                       isolates. The most commonly used formats of probes
                                       include liquid phase, solid phase, and in situ
                                       hybridization. These tests usually depend on having a
                                       large amount of organisms present in the specimen (i.e.,
                                       poor sensitivity).

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    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. New laboratory designs and
                                       changes in practice and workflow have been implemented
                                       to decrease the risk of false-positive reactions.

                                    
                                    
                                    
                                    The availability of
                                       these 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 to
                                       identify fungi

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The diagnosis of
                                       fungal pathogens uses other types of tests described in
                                       this area, especially the Gram stain test. New antigen,
                                       antibody, and rapid PCR tests are also increasingly
                                       used.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The test used will be
                                       specific to the fungi that is being tested for or that
                                       is present. Normal results and test efficacy will be
                                       based on the criteria associated with the fungi
                                       itself.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Chest x-ray

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    X-ray imaging of the
                                       chest, showing potential issues including fractures and
                                       issues in the lungs.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    This is
                                       particularly useful in the diagnosis of tuberculosis,
                                       which may present with nonspecific issues, and
                                       pneumonia. Results that may indicate these issues will
                                       show white cloudy areas in otherwise clear lungs.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    White blood cell (WBC) counts

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    There are two types of
                                       WBC tests that are especially useful for diagnosing or
                                       monitoring infections:

                                    
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          The
                                             traditional WBC count measures the total number of
                                             WBCs per one cubic millimeter of blood.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          The WBC
                                             differential count measures each type of WBC
                                             present in the blood specimen. The five types, in
                                             order of normal frequency, are neutrophils,
                                             lymphocytes, monocytes, eosinophils, and
                                             basophils.

                                          
                                          

                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Overall WBC counts
                                       have a wide range of normal values depending on personal
                                       factors such as age. Increased counts (greater than
                                       10,000) and decreased counts (less then 4,000) may
                                       indicate various types of infections.

                                    
                                    
                                    
                                    Increases of a type
                                       of WBC in the WBC differential count above what would be
                                       expected may indicate different types of infections,
                                       depending on which type of WBC is elevated.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Basic urinalysis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    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 red blood
                                       cells, WBCs, casts, crystals, bacteria, or yeast.

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Urinalysis is a
                                       frequently used screening test to assess general health
                                       as well as the health of the urinary tract.

                                    
                                    
                                    
                                    Of the many
                                       components tested, only a few are used to screen for
                                       infection.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Culture reports

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    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 culture), pure
                                       culture (a single bacterial strain cultivated in
                                       culture), or no growth (no bacteria recovered from
                                       clinical specimen).

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

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               
               
               
                  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 resident “sensitivity” patterns, using “sensitivity” in place of
                        “susceptibility” while retaining the same intended meaning.

                     
                     

               
               

            
            

         
         
         
         
            
            
            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 2-16 shows an example of an antibiogram.

                  
                  
                  
                  Exhibit 2-16: 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.

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            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
                  resident 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 residents
                           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 resident 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; these regulations divide
                        potentially infectious substances into two categories.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Category A specimens, which are not
                           typically encountered in LTC settings, are capable of causing permanent
                           disability or life-threatening or fatal disease in otherwise healthy humans
                           and animals.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Category B specimens comprise all other
                           potentially infectious substances that do not meet the description of
                           Category A. These shipments must contain three layers of packaging (as does
                           Category A); in contrast to Category A, the Category B shipment has less
                           stringent requirements with regard to cushioning and leak prevention.

                        
                        

                     
                     

                  
                  
                  
                  Both categories feature specific
                     labeling requirements and may be subject to additional labeling requirements if
                     other dangerous chemicals are used in their transport (for instance, to keep a
                     sample frozen).

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section D: Processes to Mitigate Transmission

         
         
         
         
            
            
            
               After completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Differentiate between cleaning, disinfection, and sterilization.

                  
                  

               
               
               
               	
                  
                  
                  Determine what level of cleaning, disinfection, and/or sterilization is
                     necessary for an item based on its classification.

                  
                  

               
               
               
               	
                  
                  
                  Define and give examples of important transmission precautions that may be
                     described as standard or transmission-based precautions.

                  
                  

               
               
               
               	
                  
                  
                  Describe how vaccination works and the importance of vaccination to prevent
                     disease transmission.

                  
                  

               
               
               
               	
                  
                  
                  List and provide counterinformation to common misconceptions surrounding the
                     safety and efficacy of vaccines.

                  
                  

               
               

            
            
            
            The best way to avoid the damaging health effects of infection is to prevent
               transmission of the pathogen in the first place.

            
            

         
         
         
         
   
      
         
         
         
         Cleaning, Disinfection, and Sterilization

         
         
         
         
            
            
            
            Cleaning, disinfection, and
               sterilization all have specific meanings in the healthcare context.

            
            
            
            
               
               
               	
                  
                  
                  Cleaning is the removal of
                     foreign material (e.g., soil, organic material) from objects. It is required
                     before disinfection and sterilization can occur since foreign material
                     interferes with the effectiveness of these processes.

                  
                  

               
               
               
               	
                  
                  
                  Disinfection is thermal or
                     chemical destruction of pathogenic and other types of microorganisms.
                     Disinfection is less lethal than sterilization because it destroys most
                     recognized pathogenic microorganisms but not necessarily all microbial forms
                     (e.g., bacterial spores).

                  
                  

               
               
               
               	
                  
                  
                  Sterilization
                     results in sterility, which is the state of being free from
                     all living microorganisms. In practice, this is usually described as a
                     probability function (e.g., as the probability of a microorganism surviving
                     sterilization being one in one million).

                  
                  

               
               

            
            
            
            If soiled materials become dried or baked onto instruments or surfaces, the cleaning
               process becomes harder and disinfection or sterilization become less effective or
               ineffective. With that in mind, cleaning should generally begin as soon as possible
               following use.

            
            
            
            Opened but unused components should still be considered contaminated and reprocessed
               or disposed of accordingly.

            
            

         
         
         
         
         
            
            
            Cleaning Level Classifications

            
            
            
            
               
               
               
               Three major
                  categories are used to determine the necessary level of reprocessing: critical,
                  semicritical, and noncritical.

               
               
               
               
                  
                  
                  	
                     
                     
                     Critical items are objects or instruments that must be free of
                        any microorganisms, including bacterial spores, when they enter sterile
                        tissue, bone, or the vascular system in order to not introduce
                        microorganisms into the site that would result in an infection or a disease.
                        Examples include:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Surgical instruments.

                           
                           

                        
                        
                        	
                           
                           
                           Cardiac and urinary catheters.

                           
                           

                        
                        
                        	
                           
                           
                           Implants.

                           
                           

                        
                        
                        	
                           
                           
                           Ultrasound probes used in sterile body cavities.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Semicritical items are those that come in contact with mucous
                        membranes or non-intact skin. These medical devices should be free of all
                        microorganisms (i.e., mycobacteria, fungi, viruses, bacteria), although
                        small numbers of bacterial spores may be present. Examples include:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Respiratory therapy and anesthesia equipment.

                           
                           

                        
                        
                        	
                           
                           
                           Gastrointestinal endoscopes.

                           
                           

                        
                        
                        	
                           
                           
                           Bronchoscopes.

                           
                           

                        
                        
                        	
                           
                           
                           Laryngoscopes.

                           
                           

                        
                        
                        	
                           
                           
                           Esophageal manometry probes.

                           
                           

                        
                        
                        	
                           
                           
                           Anorectal manometry catheters.

                           
                           

                        
                        
                        	
                           
                           
                           Endocavitary probes (e.g., rectal and vaginal probes).

                           
                           

                        
                        
                        	
                           
                           
                           Prostate biopsy probes.

                           
                           

                        
                        
                        	
                           
                           
                           Infrared coagulation devices.

                           
                           

                        
                        
                        	
                           
                           
                           Diaphragm fitting rings.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Noncritical items are those that come in contact with intact
                        skin but not mucous membranes. Intact skin acts as an effective barrier to
                        most microorganisms; therefore, the sterility of items coming in contact
                        with intact skin is not critical. Noncritical items may be split into two
                        groups: patient or resident care equipment and environmental surfaces.

                     
                     
                     
                     Examples of patient and resident care equipment include:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Stethoscopes.

                           
                           

                        
                        
                        	
                           
                           
                           Bedpans.

                           
                           

                        
                        
                        	
                           
                           
                           Blood pressure cuffs.

                           
                           

                        
                        
                        	
                           
                           
                           Crutches.

                           
                           

                        
                        
                        	
                           
                           
                           Bed rails.

                           
                           

                        
                        
                        	
                           
                           
                           Poles.

                           
                           

                        
                        
                        	
                           
                           
                           Monitors.

                           
                           

                        
                        
                        	
                           
                           
                           Wheelchairs.

                           
                           

                        

                     
                     
                     
                     Examples of environmental surfaces include:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Counters.

                           
                           

                        
                        
                        	
                           
                           
                           Sinks.

                           
                           

                        
                        
                        	
                           
                           
                           Bedside tables.

                           
                           

                        
                        
                        	
                           
                           
                           Resident furniture.

                           
                           

                        
                        
                        	
                           
                           
                           Floors.

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
   
      
         
         
         
         Standard Precautions Strategies

         
         
         
         
            
            
            
            Standard precautions (SP) strategies are a series of evidence-based
               procedures, used for all patients in all settings (wherever healthcare is provided),
               to reduce the presence of microbiological agents in a healthcare facility and to
               prevent cross-contamination between HCP, patients, and the environment. 

            
            
            
            
               Key Point

               
                  
                  
                  Application of SP is the first step in
                     preventing the transmission of microorganisms between HCP, patients, and the
                     environment. Every HCP must decide when and which SP are indicated.

                  
                  

            
            
            
            For SP to be effective, essential IPC
               components need to be present, including:

            
            
            
            
               
               
               	
                  
                  
                  
                     
                        Administrative support.
                        
                     Administrators ensure SP are incorporated into all aspects of patient
                        care. They provide guidance, support, monitoring, and correction.
                     

                  
                  

               
               
               
               	
                  
                  
                  
                     
                        Education.
                        
                     SP
                        education—at hire and annually—is often a regulatory requirement.
                     

                  
                  

               
               
               
               	
                  
                  
                  
                     
                        Policies and procedures.
                        
                     Policies and
                        procedures must meet all regulatory requirements, be current, and be
                        available to all HCP (plus access to reference materials).
                     

                  
                  

               
               
               
               	
                  
                  
                  
                     
                        Institutional culture.
                        
                     In a culture
                        in which patient and HCP safety is an expectation, adoption of safe work
                        practices are integral and valued in IPC activities.
                     

                  
                  

               
               

            
            
            
            SP include precautions for hand hygiene (HH);
               availability, selection, use, and disposal of PPE; donning and doffing of PPE; resident placement, transfer,
               and discharge; respiratory hygiene and cough etiquette; use of patient care products
               and medical equipment; principles of safe injection practices; and compounding
               pharmacy.

            
            
            
            
            The extent that SP are required depends on the
               situation. For example: an HCP enters a resident’s room with the goal of assisting them with daily
               hygiene and bathing. The HCP observes that the resident has vomited and is experiencing explosive diarrhea.
               The HCP sees that the resident, their bed linens, and the flooring are extensively soiled. Per SP
               guidelines, the HCP should perform HH and don a gown and gloves before assisting the
               resident.

            
            
            
            
               Key Point

               
                  
                  
                  Standard precautions should be used any time
                     healthcare services are rendered, even when it is not suspected that there is an
                     infectious process present.

                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Transmissions-Based Precautions (TBP)
            Strategies

         
         
         
         
            
            
            
            Transmission-based precautions (TBP) (also called isolation precautions)
               are used in addition to SP when a resident is suspected or known to be
                  infected or colonized with infectious microorganisms which require additional
                  precautions to limit transmission. Since the infecting organism may not be known
                  every time that HCP interact with residents, TBP should be selected according to clinical
                  signs and symptoms and the likely causative agent whenever definitive
                  identification of the agent has not occurred. In these situations, TBP should be
                  modified once definitive diagnosis occurs.
               

            
            
            
            TBP are separated into four main
               categories: contact precautions, droplet precautions, airborne precautions, and
               enhanced barrier precautions (EBP). It should be noted, however, that precautions
               from these categories are not mutually exclusive: it is possible that various TBP
               from different categories might be used in combination. For example, disseminated
               herpes zoster (shingles) could call for both contact and airborne precautions.

            
            
            
            A breakdown of contact, droplet, and airborne
               precautions can be seen in Exhibit 2-17. The choice of which TBP to implement is
               based on the mode of transmission of the specific pathogen.

            
            
            
            
               
               
               	
                  
                  
                  Contact precautions are used for diseases
                     transmitted by contact with the patient or the patient’s environment.

                  
                  

               
               
               
               	
                  
                  
                  Droplet precautions prevent transmission
                     of diseases caused by large respiratory droplets that are generated by
                     coughing, sneezing, or talking.

                  
                  

               
               
               
               	
                  
                  
                  Airborne precautions are used to prevent
                     transmission of infectious organisms that remain suspended in the air and
                     travel great distances due to their small size (less than five microns).
                     Consequently, the concern for transmission of these pathogens in healthcare
                     settings is not typically from face-to-face contact but rather from airflow
                     patterns in the facility.

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  Based on the route(s) of transmission, more
                     than one category may be needed (for example, contact plus droplet). TBP, no
                     matter which category or combination of categories, are always implemented in
                     addition to SP.

                  
                  

            
            
            
            
               Exhibit 2-17: Contact, Droplet, and Airborne Precautions
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Contact
                                    Precautions

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Droplet
                                    Precautions

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Airborne
                                    Precautions

                                 
                                 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Appropriate PPE

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Gloves, gown

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Mask

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 N95 respirator or
                                    PAPR

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Resident
                                    transport or move

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Expedite and carefully
                                    manage and only move as medically necessary. Cover or
                                    contain infected or colonized area. Remove all PPE and
                                    perform HH. No PPE use required during transport. Don
                                    clean PPE at the new location.

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Resident should
                                    don mask and follow the facility’s specific respiratory
                                    hygiene and cough etiquette polices and procedures.
                                    After resident is masked (not N95, which could
                                    restrict breathing) and any lesions are covered, HCP
                                    transporting residents do not need to wear a
                                    mask.

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Same as droplet
                                    precautions.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Equipment

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Use disposable or
                                    dedicated equipment. If shared equipment is unavoidable,
                                    clean and disinfect per policy and manufacturers’
                                    recommendations between each use.

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Same as contact
                                    precautions.

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Same as contact
                                    precautions.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Cleaning/disinfection of resident room

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Clean high-touch
                                    surfaces daily (bed rails, tabletops, door handles,
                                    bathroom fixtures). Follow the facility’s specific
                                    cleaning policies and procedures upon resident
                                    discharge (terminal clean).

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Same as contact
                                    precautions.

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Same as contact
                                    precautions.

                                 
                                 
                              

                           
                        

                     

                  
                  
                  
                  
                     Source: Adapted from Catherine
                        Chachere et al., Ready
                           Reference for Microbes.
                     

                  
                  

               
            
            
            
            Transmission-based precautions
               may be discontinued when signs and symptoms have been resolved or according to
               pathogen-specific recommendations.

            
            
            
            Even though some of the processes above are similar to each other,
               in practice, manifestations will vary based on the specific organism and
               environment. For example, for C.
                  difficile, the CDC recommends that residents with confirmed and suspected CDI (for example, with
               diarrhea) are placed into isolation as soon as possible, and contact precautions put
               in place immediately. Contact precautions should remain in place for at least 48
               hours after diarrhea has resolved. In addition:

            
            
            
            
               
               
               	
                  
                  
                  HCP should perform HH carefully and
                     regularly.

                  
                  

               
               
               
               	
                  
                  
                  Resident care equipment should be dedicated to
                     individual residents.

                  
                  

               
               
               
               	
                  
                  
                  Residents should bathe daily with soap and water.

                  
                  

               
               
               
               	
                  
                  
                  Daily and terminal cleaning protocols
                     should be created.

                  
                  

               
               
               
               	
                  
                  
                  C. difficile sporicidal agent (EPA List K
                     agent) should be used for daily cleaning of CDI resident rooms (and also
                     post-transfer/discharge); surfaces and equipment should also be cleaned
                     daily, especially high-touch surfaces; other areas where residents were should also be
                     cleaned using an appropriate cleaning agent.

                  
                  

               
               
               
               	
                  
                  
                  If a resident needs to be transferred, the receiving
                     ward/facility should be forewarned so contact precautions can be maintained
                     at the new location.

                  
                  

               
               

            
            
            
            In addition to these precautions, the IP should
               work with clinical and laboratory personnel to confirm CDIs and develop a safe
               antibiotic therapy regimen to treat infections. Confirmed results should be shared
               immediately with care providers and IPC personnel to assess for appropriateness of
               testing. Facilities should create CDI prevention strategies as part of their overall
               IPC strategy, institute careful surveillance and monitoring of CDI rates, and
               provide staff with appropriate education.

            
            
            
            We will now briefly examine TBP and MDROs before moving into more
               detailed discussions on contact, droplet, airborne precautions, concluding with protective
               isolation.

            
            

         
         
         
         
         
            
            
            Enhanced Barrier Precautions

            
            
            
            
               
               
               
               According to the CDC, enhanced barrier precautions are “infection control
                  intervention[s] designed to reduce transmission of multidrug-resistant organisms
                  (MDROs) in nursing homes.” These precautions are based on CDC guidelines and are
                  recommended for nursing homes in the United States.

               
               
               
               As the CDC explains, enhanced barrier precautions expand the use of PPE and
                  specifically refer to the use of gowns and gloves during high-contact activities
                  that provide transfer opportunities for MDROs. The CDC lists examples of resident
                  activities that require gown and glove use under enhanced barrier precaution
                  rules:

               
               
               
               
                  
                  
                  	
                     
                     
                     Dressing

                     
                     

                  
                  
                  
                  	
                     
                     
                     Bathing/showering

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transferring

                     
                     

                  
                  
                  
                  	
                     
                     
                     Providing hygiene

                     
                     

                  
                  
                  
                  	
                     
                     
                     Changing linens

                     
                     

                  
                  
                  
                  	
                     
                     
                     Changing briefs or assisting with toileting

                     
                     

                  
                  
                  
                  	
                     
                     
                     Device care or use—central line, urinary catheter, feeding tube,
                        tracheostomy/ventilator

                     
                     

                  
                  
                  
                  	
                     
                     
                     Wound care: any skin opening requiring a dressing

                     
                     

                  
                  

               
               

            
            

         
         
         
   
      
         
         
         
         Vaccination Basics

         
         
         
         
            
            
            
            It is important to
               understand what vaccines are, what they are made up of, and how they work.

            
            
            
            As defined by the CDC, a vaccine is “a preparation
               that is used to stimulate the body’s immune response against diseases.” Vaccines are
               a crucial, highly effective tool used to prevent the spread of certain viruses.
               Outbreaks of vaccine-preventable diseases have been well documented in healthcare
               facilities. Vaccine-preventable diseases likely to occur in LTC facilities are
               influenza, pneumococcal infection, herpes zoster (shingles), and pertussis, but
               vaccines are available for a wide range of other infections as well.

            
            
            
            Vaccination is the act of introducing a vaccine into the body to produce
               immunity to a specific disease. The terms vaccination and immunization (a process by which a person becomes
               protected against a disease through vaccination) are often used interchangeably.

            
            
            
            
               Key Point

               
                  
                  
                  Vaccines protect everyone involved in LTC
                     facilities: residents, HCP, other staff, and visitors.

                  
                  

            
            
            
            Vaccines can be used to
               convey active immunity to a person. Active immunity occurs when a person is exposed to the organism by
               either vaccination or direct exposure. This creates an immune response “memory” in
               the person, so when the person encounters the organism in the future, the immune
               system will respond more quickly. This is distinct from passive immunity,
               which occurs when a person is given antibodies for a specific disease, resulting in
               immediate immunity. This may also be conveyed through administration of certain
               blood products.

            
            
            
            The vaccine itself
               may consist of live (usually attenuated or “weakened”) or inactivated (killed)
               microorganisms or fractions thereof. Live, attenuated vaccination uses small doses
               of the organism, producing a subclinical infection and triggering an immunological
               approach that is more like the response that follows natural infection. This may
               confer more long-lasting immunity than inactivated vaccines. Inactivated vaccines
               may consist of the whole microorganism, toxoids (modified bacterial toxins),
               detoxified exotoxins, soluble capsular material, surface antigens, or components of
               the organism. Vaccines for some diseases may be available in both live and
               inactivated compositions. The differences between live and inactivated vaccines help
               explain why a single dose of measles, mumps, and rubella (MMR) vaccine is thought
               to
               confirm lifelong immunity (even though two doses are now recommended), whereas
               repeated vaccination and boosters are required for other immunobiologics such as
               those for diphtheria and tetanus.

            
            
            
            Passive immunity is conferred by exogenous antibody administration. Sources of these
               antibodies include human immunoglobulin, specific immunoglobulin preparations, and
               antitoxins harvested from human blood plasma or the serum of immunized animals.

            
            
            
            Vaccines may be described by a few other terms that refer to the breadth of their
               intended coverage:

            
            
            
            
               
               
               	
                  
                  
                  Monovalent. A vaccine consisting of a single strain
                     or type of organism.

                  
                  

               
               
               
               	
                  
                  
                  Bivalent. A SARS-CoV-2 vaccine consisting of two SARS-CoV-2 strains
                     targeted to specific variants.

                  
                  

               
               
               
               	
                  
                  
                  Trivalent. A vaccine consisting of three types or
                     strains of a single organism (e.g., influenza vaccine) or three different
                     organisms (e.g., diphtheria-pertussis-tetanus vaccine).

                  
                  

               
               
               
               	
                  
                  
                  Quadrivalent. An influenza vaccine consisting of four
                     influenza strains (e.g., two A virus strains, two B virus strains).

                  
                  

               
               
               
               	
                  
                  
                  Polyvalent. A vaccine consisting of multiple
                     strains or types of organisms (e.g., 23-valent pneumococcal vaccine).

                  
                  

               
               

            
            
            
            Vaccines may include components from several classes of substances and compounds.
               The
               four main classes of compounds and their uses are listed in Exhibit 2-18.

            
            
            
            
               Exhibit 2-18: Vaccine Components
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Component

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Examples/Purpose

                                 
                                 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Immunobiologic

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 The organism, live or
                                    inactive, that triggers the immune response.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Suspending fluids

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 May include sterile
                                    water, saline, or complex fluids in addition to small
                                    amounts of protein or other constituents from the
                                    biological system in which the vaccine was produced
                                    (such as a chicken egg).

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Preservatives, antibiotics,
                                    stabilizers

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Inhibit bacterial
                                    growth or stabilize the active component of the
                                    immunobiologic.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Adjuvants

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Enhance the
                                    antigenicity of immunbiologics such as toxoids which, if
                                    administered alone, would not elicit a sufficient
                                    immunological response.

                                 
                                 
                              

                           
                        

                     

                  
                  

               
            
            
            
            
               Key Point

               
                  
                  
                  In addition to a lack of understanding of
                     the components of a vaccine, vaccine resistance may arise from a host of other
                     factors. Understanding these factors and being able to offer counterpoints can
                     assist the IP in their efforts to prevent disease transmission and negative
                     effects in their facilities. Some of the reasons for resistance include:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Adults viewing immunizations as
                           “kid stuff.”

                        
                        

                     
                     
                     	
                        
                        
                        Difficulty in scheduling.

                        
                        

                     
                     
                     	
                        
                        
                        Perception that vaccines are
                           unnecessary.

                        
                        

                     
                     
                     	
                        
                        
                        Confusion as to the purpose of
                           vaccines. (For example, not all vaccines entirely prevent infection; the
                           goal may be to reduce illness severity following future infection, as
                           with the COVID-19 vaccine.)

                        
                        

                     
                     
                     	
                        
                        
                        Fear of potential
                           complications.

                        
                        

                     

                  
                  

            
            

         
         
         
         
         
            
            
            Vaccine Storage

            
            
            
            
               
               
               
               Vaccines must be stored correctly in order to maintain their
                  effectiveness and optimal immunity response. Not all vaccinations have the same
                  storage and handling requirements. For example, some can be refrigerated while
                  others require freezing. Different variations of vaccinations for the same disease
                  may require different storage conditions, too. (Different COVID-19 vaccinations have
                  required different storage temperatures.) Some vaccines—for example, certain
                  influenza vaccines—should be protected from excess exposure to light.

               
               
               
               Healthcare personnel handling vaccines should
                  therefore always check the manufacturer’s instructions before storing vaccines to
                  ensure that they are stored correctly. Relevant storage information should be
                  printed on the label of each vaccination vial or container.

               
               
               
               The CDC recommends that
                  vaccines be stored in dedicated, purpose-built or pharmaceutical-grade units
                  designed to refrigerate or freeze biologics. (A “Vaccine Storage and Handling
                  Toolkit” is available on their website.) These units are available in a variety of
                  sizes to suit each facility’s needs, but a facility should install units that can
                  accommodate the largest expected inventory, for example, to ensure that a long-term
                  care facility can store enough influenza vaccine for all residents and staff during
                  the annual flu season. Vaccines should be stored separately from other medications,
                  and they should never be stored in the same refrigerator as food and/or beverages.
                  It is also important that vaccines not be stored in a combined refrigerator/freezer
                  unit under any circumstances. Limiting the number of times vaccine storage is
                  accessed reduces the risk of accidental spills and contamination. The CDC recommends
                  that HCP monitor vaccine storage temperatures at least twice daily.

               
               
               
               
               According to the CDC’s The Epidemiology and Prevention of
                     Vaccine-Preventable Diseases, facilities should establish standard operating
                  procedures for handling and storing vaccines. These SOPs should include the
                  following:

               
               
               
               
                  
                  
                  	
                     
                     
                     General information. Vaccine manufacturer
                        contact information, equipment service providers, key stakeholder
                        information (including contact details), regularly used forms (e.g.,
                        temperature logs, temperature excursion logs, vaccine information
                        statements), staff training requirements.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Routine storage and handling. All vaccine
                        inventory management processes: ordering, receiving, unpacking, storage,
                        handling, disposal, and monitoring.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Emergency policies and procedures. Steps
                        to be taken in the event of equipment malfunctions, power failures, natural
                        disasters, or other emergencies that might compromise vaccine storage
                        conditions.

                     
                     

                  
                  

               
               
               
               Developing these SOPs is an
                  important step in the infection prevention and control program, and the IP should
                  be
                  involved in the process. They should also incorporate vaccine storage and handling
                  into relevant training and evaluation programs:

               
               
               
               
                  
                  
                  	
                     
                     
                     Training. New employee orientation,
                        annual refresher course for HCP involved in administering vaccines, when new
                        vaccines are added to the LTC facility’s inventory, and when vaccine
                        recommendations are updated.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Evaluation. At least once annually, in
                        addition to when new vaccines are added to the facility’s inventory, and
                        also when vaccine recommendations are updated.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Misconceptions
               versus Contraindications

            
            
            
            
               
               
               
               Various reasons exist for vaccine hesitancy. People may be
                  incorrectly concerned about getting the disease from a vaccine (for example,
                  influenza or measles). In the case of influenza, because inactivated vaccine
                  contains only a killed virus, it is impossible to “get the flu” from the flu shot.
                  People may be concerned about hypersensitivity reactions, viral replication, and
                  efficacy and cost-benefit issues. As a result of their exposure to medical
                  information, HCP in particular may have exaggerated fears regarding known adverse
                  reactions or potential complications. There are also anti-vaccine groups that
                  publish and distribute erroneous or misguided information. Side effects may be
                  exaggerated; yet because they have a basis in fact, even HCP can be influenced.

               
               
               
               Although there are some legitimate
                  contraindications to immunization, there remains substantial confusion regarding the
                  appropriate indications and exclusions for various vaccines. The following are
                  common areas of misconceptions:

               
               
               
               
                  
                  
                  	
                     
                     
                     Previous local reaction or fever after
                        tetanus–diphtheria (Td) vaccination

                     
                     

                  
                  
                  
                  	
                     
                     
                     Egg intolerance or allergy to
                        feathers

                     
                     

                  
                  
                  
                  	
                     
                     
                     Penicillin or other, nonspecific
                        allergy

                     
                     

                  
                  
                  
                  	
                     
                     
                     Mild acute illness with low-grade
                        fever

                     
                     

                  
                  
                  
                  	
                     
                     
                     Recent exposure to infectious
                        disease

                     
                     

                  
                  
                  
                  	
                     
                     
                     Breastfeeding

                     
                     

                  
                  

               
               
               
               Unpleasant childhood memories of redness,
                  soreness, or fever may prevent adults from seeking re-immunization. Local reactions
                  and low-grade temperatures are associated with bacterial vaccines, such as the Td
                  vaccine, but these side effects are usually transient.

               
               
               
               True hypersensitivity reactions are unusual.
                  Potential vaccine allergens include animal proteins, antibiotics, preservatives, and
                  stabilizers. Of these, the most common potential allergen is residual egg protein
                  found in vaccines grown in chick embryo cell cultures (for example, MMR or influenza
                  vaccines). Thus, MMR and influenza virus vaccines are contraindicated in persons
                  with histories of anaphylaxis or immediate reactions (for example, hives, swelling
                  of the mouth and throat, difficulty breathing, hypotension, or shock) following egg
                  ingestion. However, there is no evidence that persons with other types of reactions
                  associated with egg ingestion or allergies to chickens or their feathers are at an
                  increased risk for reactions to vaccination.

               
               
               
               Even egg allergies may not result in contraindication of the use of vaccines grown
                  in
                  chick embryo cell cultures; only individuals with a history of anaphylaxis or
                  immediate reactions following egg ingestion should avoid these vaccines. In other
                  histories of reactions, including to chicken feathers, increased risk of reaction
                  has not been found.

               
               
               
               Individuals with suppressed immune function, such as symptomatic HIV (human
                  immunodeficiency virus) or treatment-induced immune suppression, should generally
                  avoid live vaccines, but inactivated vaccines (and a few specific live vaccines) are
                  still recommended for these individuals. Mild acute illness with a low-grade fever
                  and recent exposure to infectious disease are not contraindications for immunization
                  in an otherwise healthy individual.

               
               
               
               Pregnant women (including pregnant HCP) may
                  have concerns about being immunized during their pregnancy or when breastfeeding,
                  but breastfeeding should not interfere with routine immunization. The only vaccine
                  virus that has been isolated from breast milk is rubella, but there is no evidence
                  that such breast milk is harmful to infants or leads to the transmission of disease.
                  Inactivated vaccines do not appear to pose a risk to the fetus and may be safely
                  administered, where indicated, in the second or third trimester (or any trimester
                  for inactivated influenza vaccine); however, live, attenuated vaccines are
                  contraindicated during pregnancy. Other contraindications are addressed
                  elsewhere.

               
               
               
               The lack of a sore arm does not imply that
                  immunization has failed to elicit a good antibody response. Sore or red arms should
                  be treated symptomatically with ice packs, elevation, and anti-inflammatory
                  medication, as needed. Very large or severe local reactions can indicate that an
                  allergic or Arthrus reaction has occurred; such reactions are best assessed by an
                  allergist or experienced vaccinologist.

               
               
               
               Understanding and being able to discuss the specifics of these common rationales and
                  conveying accurate information regarding them is a key tool to help increase
                  vaccination.

               
               

            
            

         
         
         
   
      
         
         
         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 2-14: Breaking the Chain
[image: Chain of infection with six links: Causative Agent, Reservoir, Portal of exit, Transmission mode, Portal of entry, and Susceptible host. Each includes icons and prevention tips. Go to long description for more details.]
                  
                  
                  This diagram represents the Chain of Infection and strategies to interrupt
                     it. The chain consists of six interconnected links, depicted as metallic
                     chain links in a circular arrangement:

                  
                  
                  
                  
                     
                     	
                        
                        Causative Agent – Represented by a hospital icon. Preventive measures
                           include diagnosis and treatment and antimicrobial
                           stewardship.

                        

                     
                     
                     	
                        
                        Reservoir – Represented by a cleaning bucket icon. Prevention
                           includes cleaning, disinfection, sterilization, infection prevention
                           policies, and pest control.

                        

                     
                     
                     	
                        
                        Portal of Exit – Represented by a person wearing a mask. Preventive
                           actions include hand hygiene, personal protective equipment, control
                           of aerosols, respiratory etiquette, and waste disposal.

                        

                     
                     
                     	
                        
                        Mode of Transmission – Represented by a handwashing icon. Prevention
                           strategies include hand hygiene, PPE, food safety, cleaning,
                           disinfection, sterilization, and isolation.

                        

                     
                     
                     	
                        
                        Portal of Entry – Represented by a medical kit icon. Preventive
                           measures include hand hygiene, PPE, personal hygiene, first aid, and
                           removal of catheters and tubes.

                        

                     
                     
                     	
                        
                        Susceptible Host – Represented by a syringe icon. Prevention
                           strategies include immunizations, treatment of underlying diseases,
                           and resident
                           education.

                        

                     

                  
                  
                  
                  Lightning bolt icons indicate points where intervention can break the cycle.
                     The diagram visually emphasizes how controlling infections at any stage can
                     prevent disease transmission.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-8: Primary, Secondary, and Tertiary Prevention in Epidemiology
[image: A chart showing four stages of disease progression aligned with levels of prevention. Read long description below.]
                  
                  
                  The stages are:

                  
                  
                  
                  
                     
                     	
                        
                        Pre-exposure stage: Risk factors are present but no exposure has
                           occurred. Associated with primary prevention.

                        

                     
                     
                     	
                        
                        Preclinical stage: Exposure to a causative agent occurs, but no
                           symptoms appear yet. Still under primary prevention.

                        

                     
                     
                     	
                        
                        Clinical stage: Symptoms develop. Aligned with secondary
                           prevention.

                        

                     
                     
                     	
                        
                        Resolution stage: The condition is resolved through recovery, chronic
                           illness, or death. Corresponds to tertiary prevention.

                        

                     

                  
                  
                  
                  Arrows indicate the progression from exposure to symptom development to
                     resolution.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-12: Web Model of Disease Causation
[image: Diagram of the web of causation showing how multiple factors contribute to disease. Read long description below.]
                  
                  
                  Three central elements—Environmental factors, Social
                     factors, and Host factors—connect directly to Disease in the center.
                     Surrounding these are many contributing factors like climate, food,
                     geography, sanitation, housing, socioeconomic status, politics, culture,
                     physical activity, race/ethnicity, genetics, and age. Arrows show complex
                     interconnections among these factors, illustrating that disease results from
                     many interacting causes.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-3: 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 2-2: 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 2-5: 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 2-6: Virus Reproduction Cycle
[image: A labeled diagram showing the six steps of the viral replication cycle inside a host cell. Read long description below.]
                  
                  
                  The six steps are:

                  
                  
                  
                  
                     
                     	
                        
                        Attachment – A virus (virion) attaches to the surface of a
                           host cell.

                        

                     
                     
                     	
                        
                        Penetration – The virus enters the host cell and releases its
                           DNA.

                        

                     
                     
                     	
                        
                        Replication – The viral DNA takes over the host cell machinery
                           to replicate viral components.

                        

                     
                     
                     	
                        
                        Maturation – New virus particles assemble inside the host
                           cell.

                        

                     
                     
                     	
                        
                        Release – Newly formed viruses exit the host cell, often
                           destroying it in the process.

                        

                     
                     
                     	
                        
                        The cycle repeats with new virions infecting other cells.

                        

                     

                  
                  
                  
                  Host DNA is shown in the nucleus, and viral DNA is represented separately.
                     Each phase is depicted visually with arrows guiding the circular
                     process.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-16: 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.
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