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         Module 1: Identification
            of Infectious Disease Processes

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

            
            

         
         
         
         
   
      
         
         
         
         Section A: Foundations of
            Medical Terminology

         
         
         
         
            
            
            
               After completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Interpret basic medical terminology using common prefixes and suffixes.

                  
                  

               
               
               
               	
                  
                  
                  Describe the organ systems that are important to infection prevention
                     concepts. 

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Medical Terminology Prefixes and Suffixes

         
         
         
         
            
            
            To individuals lacking a medical background or education, even understanding the
               terminology used may seem difficult. Fortunately, most medical terms use a
               consistent pattern of prefixes and suffixes, which, when combined, describe the
               procedure, condition, or anatomical area reliably. The examples provided in this
               topic are primarily sourced from Medical Terminology for Healthcare
                  Professions by Andrea Nelson and Katherine Greene, with some minor
               adjustments.

            
            
            
            
               Key Point

               
                  
                  
                  Though we position the
                     following discussions as “prefixes” and “suffixes,” it is important to
                     understand that the described usage of the example is not true in every
                     situation. 

                  
                  
                  
                  For example, below we will list these two
                     prefixes: Intra- (within) and ven/o- (vein). However, they are both used in
                     construction of the term “intravenous” (meaning “pertaining to within a vein”),
                     with one as a prefix and one functioning as the root of the word. 

                  
                  

            
            

         
         
         
         
         
            
            
            Prefixes

            
            
            
            
               
               
               Prefixes are the
                  first part of the medical term and generally alter the meaning of the medical term
                  that is provided in the suffix. Exhibit 1-1
                  lists many of the common prefixes used in the medical field. Note that it is not
                  complete, and there are many other prefixes that may be encountered in the medical
                  field. 

               
               
               
               
                  Exhibit 1-1: Common Prefixes in Medicine
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Prefix

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Meaning

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Example Medical Term(s)

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    A-, An-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Without; Lacking

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Anemia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Aden/o-, Adren/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Gland

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Adenoid; Adrenal cortex

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Angi/o-, Vasculo-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Blood vessel

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Angioplasty; Vasculitis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Ante-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Before; Forward

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Antenatal

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Anti-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Against

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Antibiotic

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Arteri/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Artery

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Arteriole

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Bio-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Life

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Biology

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Cardi/o-, Coron-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Heart

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cardiology; Coronary artery

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Cephal/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Head

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cephalic flexure

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Contra-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Against

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Contraception

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Crani/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Brain

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cranium

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Cry/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cold

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cryotherapy

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Cutane-, Derm-,
                                          Dermat/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Skin

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cutaneous; Dermatology

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    De-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Away from; Ending

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Dehydration

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Dia-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Across; Through

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Diagnosis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Dis-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Separation; Taking apart

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Dissection

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Dys-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Difficult; Abnormal

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Dyspnea

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Ect/o-, Exo-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Outer; Outside

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Exocrine gland

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    End/o-, Ent-,
                                          Enter/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Within; Inner

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Endocrine gland

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Epi-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Upon; Outside of

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Epidermis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Gastr-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Stomach

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Gastrectomy

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Hepat/o-,
                                          Hepatico-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Liver

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Hepatic portal system

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Infra-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Beneath; Below

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Infratemporal fossa

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Inter-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Between

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Interstitial fluid

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Intra-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Within

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Intracellular fluid

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Lyso-, Lys-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Break down; Destruction; Dissolving

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Lysosome

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Mal-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Bad; Abnormal

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Malignant

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Myc/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Fungus

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Mycetoma

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Myel/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Spinal cord or bone marrow

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Myelin

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Necr/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Death

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Necrosis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Neo-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    New

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Neonate

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Nephr/o-, Ren/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Kidney

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Nephron; Renal cortex

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Neur/i-, Neur/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Nerve

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Neuron

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Onco-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Tumor; Bulk; Volume

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Oncology

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Para-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Alongside; Abnormal

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Parathyroid glands

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Path/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Disease

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pathologist

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Peri-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Around

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pericardium

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Pharyng/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pharynx; Throat

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pharyngeal tonsil

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Pleb/o-, Ven/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Vein

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Phlebotomist; Venae cavae

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Pleur-, Pleur/a-,
                                          Pleur/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Rib; Pleura (the membrane in between lungs and chest
                                       cavity)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pleural cavity

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Pneum/a-
                                          Pneumat/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Air; Lung

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pneumonia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Pseudo-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    False

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pseudoinfection

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Re-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Again; Backward

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Rejuvenation

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Sclera-, Sclero-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Hardness

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Sclerosis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Sten/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Narrowed; Blocked

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Stenosis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Sub-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Under

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Subcutaneous layer

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Super-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Above

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Superior

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Supra-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Above; Upon

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Supraglottis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Therm/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Heat

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Thermotherapy

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Thorac/o-,
                                          Thoracico-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Chest

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Thoracic cavity

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Thromb/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Blood clot

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Thrombolytic

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Ur/o-

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Urine

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Urologist

                                    
                                    
                                 

                              
                           

                        

                     
                     
                     
                     
                        Source: Adapted from Andrea Nelson and Katherine Greene, Medical
                              Terminology for Healthcare Professions, licensed under CC BY
                           4.0.
                        

                     
                     

                  
               
               

            
            

         
         
         
         
            
            
            Suffixes

            
            
            
            
               
               
               Suffixes are the
                  last part of the medical term and similarly can alter the meaning of medical terms.
                  Exhibit 1-2 shares suffixes that are
                  common to the medical field.

               
               
               
               
                  Exhibit 1-2: Common Suffixes in Medicine
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Suffix

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Meaning

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Example Medical Term(s)

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    -ac, -eal, -ial, -ity,
                                          -ous

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pertaining to

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cardiac; Esophageal; Immunity; Aqueous

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -blast, -blasto,
                                          -blastic

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Bud; Germ

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Myeloblast

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -centesis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Surgical puncture to remove fluid

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Thoracentesis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -cyte, -cytic

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cell

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Thrombocyte

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -dynia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pain; Swelling

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Thoracodynia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -ectasis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Expansion; Dilation

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Atelectasis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -ectomy

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cut out; Removal

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Mastectomy

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -emia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Blood condition

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Anemia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -ia, -ism, -sis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Condition

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Hemophilia; Hypothyroidism; Agranulocytosis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -iasis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Condition; Formation of

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Psoriasis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -ites, -itis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Inflammation

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Arthritis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -ium

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Structure or tissue

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Epithelium

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -lysis, -lytic

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Break down; Destruction; Dissolving

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Osteolytic

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -malacia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Softening

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Osteomalacia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -megaly

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Enlargement

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Acromegaly

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -meter

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Device used for measuring

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Sphygmomanometer

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -oid

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Resembling

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Arachnoid trabeculae

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -oma

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Tumor

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Angiosarcoma

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -opsy

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Visual examination

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Biopsy

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -osis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Condition; Usually abnormal

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Endometriosis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -ostomy

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Opening

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Colostomy

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -otomy

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Incision

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Laparotomy

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -pathy

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Disease

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Lymphadenopathy

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -penia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Deficiency; Lack of

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Thrombocytopenia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -phagia, -phagy

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Eating; Swallowing

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Dysphagia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -phasia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Speech

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Aphasia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -plasia, -plastic,
                                          -trophy

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Growth

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Hyperplasia; Hypertrophy

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -plegia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Paralysis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Hemiplegia

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -pnea

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Breathing

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Sleep apnea

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -poiesis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Production

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Hemopoiesis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -ptosis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Falling; Drooping

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Apoptosis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -rrhage, -rrhagic

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Bleeding

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Hemorrhage

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -rrhea

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Flow or discharge

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Diarrhea

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -sclerosis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Hardening

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Arteriosclerosis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -scope

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    For examining

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Endoscope

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -scopy

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Examine

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Endoscopy

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -stasis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Level; Unchanging

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Homeostasis

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    -uria

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    In the urine

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Anuria

                                    
                                    
                                 

                              
                           

                        

                     
                     
                     
                     
                        Source: Adapted from Andrea Nelson and Katherine Greene, Medical
                              Terminology for Healthcare Professions, licensed under CC BY
                           4.0.
                        

                     
                     

                  
               
               

            
            

         
         
   
      
         
         
         
         Body Systems and Other Terminology

         
         
         
         
            
            
            In order to successfully navigate the infection prevention
               landscape, it is crucial to possess knowledge of basic human anatomy. Without that
               foundation, it is difficult to understand how infections are transmitted, how they
               invade, and how symptoms of the infections manifest. We will start with an overview
               of the body systems that are important to infections and infection prevention before
               moving on to discuss anatomical area names, cavity names, membranes, and other
               terms. We will then close with a discussion of symptom definitions. The information
               and graphics provided in this topic are primarily adapted from Medical
                  Terminology for Healthcare Professions by Andrea Nelson and Katherine
               Greene.

            
            

         
         
         
         
         
            
            
            Body Systems

            
            
            
            
               
               
               Here we provide a brief overview of the body systems that are important to infection
                  prevention concepts, listed in alphabetical order: 

               
               
               
               
                  
                  
                  	
                     
                     
                     Cardiovascular system. The
                        cardiovascular system is responsible for delivery of oxygen and nutrients
                        throughout the body, as well as the transport of waste (carbon dioxide and
                        other) away from cells. It includes the heart and blood vessels (arteries,
                        veins, and capillaries).

                     
                     
                     
                     Exhibit 1-3 depicts the cardiovascular
                        system.

                     
                     
                     
                        Exhibit 1-3: Cardiovascular System[image: Diagram of the human cardiovascular system showing the heart and blood vessels. Red lines represent arteries, blue lines represent veins, extending throughout the body.]
                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     Digestive system. The digestive
                        system processes food and breaks it down into usable nutrients, while
                        removing waste from food that is not able to be digested. It includes the
                        stomach, liver, gall bladder, large intestine, and small intestine. Exhibit 1-4
                        depicts the digestive system.

                     
                     
                     
                     
                        Exhibit 1-4: Digestive System[image: Diagram of the digestive system showing the stomach, liver, gallbladder, large intestine, and small intestine inside a human outline.]
                     
                     
                     
                     
                     A common term that is related to the digestive system is enteric, which describes something relating
                        to or affecting the intestines. For example, a common way to differentiate
                        bacteria families is whether they are enteric or not. 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Endocrine system. The endocrine
                        system secretes hormones and regulates bodily processes. It includes the
                        pituitary gland (located within the brain), thyroid gland, pancreas, adrenal
                        glands, and testes or ovaries. Exhibit 1-5
                        depicts the endocrine system. 

                     
                     
                     
                     
                        Exhibit 1-5: Endocrine System[image: Diagram of the human endocrine system showing pituitary gland, thyroid gland, pancreas, adrenal glands, testes, and ovary.]
                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     Integumentary system. The
                        integumentary system encloses the internal structures of the body, creating
                        a physical barrier against invasion from microbes that is an important
                        immune defense mechanism. It includes hair, skin, and nails, and is the site
                        of many sensory receptors. Exhibit 1-6
                        depicts the integumentary system.

                     
                     
                     
                     
                        Exhibit 1-6: Integumentary System[image: Diagram of the integumentary system labeling hair, skin, and nails on a human outline.]
                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     Lymphatic system. The lymphatic
                        system moves fluids that surround organs back into the blood system and
                        transports immune system cells around the body, making it crucial to the
                        body’s defense systems against infection. It includes the thymus, lymph
                        nodes, spleen, and lymphatic vessels. Exhibit 1-7
                        depicts the lymphatic system.

                     
                     
                     
                     
                        Exhibit 1-7: Lymphatic System[image: Diagram of the lymphatic system labeling thymus, lymph nodes, spleen, and lymphatic vessels.]
                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     Nervous system. The nervous system
                        is responsible for capturing and processing sensory information and
                        activating bodily responses. It includes the brain, spinal cord, and
                        peripheral nerves that extend throughout the body. Exhibit 1-8
                        depicts the nervous system.

                     
                     
                     
                     
                        Exhibit 1-8: Nervous System[image: Diagram of the nervous system labeling brain, spinal cord, and peripheral nerves.]
                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     Respiratory system. The respiratory
                        system is responsible for the delivery of oxygen to the blood and the
                        expulsion of carbon dioxide. It includes the nasal passage, trachea, and
                        lungs. Exhibit 1-9 depicts the respiratory system.

                     
                     
                     
                     
                        Exhibit 1-9: Respiratory System[image: Diagram of the respiratory system labeling nasal passage, trachea, and lungs.]
                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     Urinary system. The urinary system
                        removes waste and excess water from the blood, excreting them from the body.
                        It includes the kidneys and the urinary bladder. When including reproductive
                        organs in the grouping, this is referred to as the genitourinary system.
                        Exhibit 1-10 depicts the urinary system.

                     
                     
                     
                     
                        Exhibit 1-10: Urinary System[image: Diagram of the urinary system labeling kidneys and urinary bladder.]
                     
                     
                     

                  
                  

               
               
               
               None of these systems function alone, and each plays an important
                  role in overall immune function and/or infection symptoms and transmission.
                  Understanding the organs, organ location, and function of each system is important
                  to diagnosing which organisms may be causing an infection (prior to laboratory
                  confirmation). It is also important when attempting to limit the spread of organisms
                  through standard and transmission-based precautions.

               
               

            
            

         
         
         
         
            
            
            Anatomical Area Terminology

            
            
            
            
               
               
               In addition to the body systems and organs, there are some
                  important terms that describe anatomical areas of the human body. These terms may
                  be
                  encountered in symptom descriptions, among other places. Some of these terms
                  include: 

               
               
               
               
                  
                  
                  	
                     
                     
                     Abdominal or abdomen

                     
                     

                  
                  
                  
                  	
                     
                     
                     Antecubital or elbow

                     
                     

                  
                  
                  
                  	
                     
                     
                     Axillary or armpit

                     
                     

                  
                  
                  
                  	
                     
                     
                     Buccal or cheek

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cephalic or head

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cervical or neck

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cranial or skull

                     
                     

                  
                  
                  
                  	
                     
                     
                     Dorsal or back

                     
                     

                  
                  
                  
                  	
                     
                     
                     Facial or face

                     
                     

                  
                  
                  
                  	
                     
                     
                     Femoral or thigh

                     
                     

                  
                  
                  
                  	
                     
                     
                     Gluteal or buttocks

                     
                     

                  
                  
                  
                  	
                     
                     
                     Inguinal or groin

                     
                     

                  
                  
                  
                  	
                     
                     
                     Lumbar or lower back

                     
                     

                  
                  
                  
                  	
                     
                     
                     Nasal or nose

                     
                     

                  
                  
                  
                  	
                     
                     
                     Oral or mouth

                     
                     

                  
                  
                  
                  	
                     
                     
                     Orbital or eye (ocular)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Otic or ear (auris)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Pubis or pubic

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sacral or sacrum

                     
                     

                  
                  
                  
                  	
                     
                     
                     Thoracic or chest (thorax)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Vertebral or spine

                     
                     

                  
                  

               
               
               
               Note that you may encounter some areas with different terminology that describes the
                  same place: these alternate terms are shown above in parentheses following the
                  common language meaning.

               
               
               
               Exhibit 1-11 depicts the location of the above terms.

               
               
               
               
                  Exhibit 1-11: Anatomical Areas[image: Diagram of human body with anatomical terms labeled. Front view shows facial, cervical, thoracic, abdominal, inguinal, pubic, femoral, axillary, antecubital. Back view shows cephalic, dorsal, vertebral, lumbar, sacral, and gluteal.]
               
               
               

            
            

         
         
         
         
            
            
            Directional Terms Relative to Body

            
            
            
            
               
               
               There are certain
                  descriptive terms that help describe the location of symptoms or body structures.
                  For example, there are two large veins responsible for returning blood to the heart,
                  each called a vena cava. By referring to them as the “superior” or “inferior” vena
                  cava, it is possible to discern which specific vein is being referenced.

               
               
               
               
                  
                  
                  	
                     
                     
                     Anterior (or ventral). This describes the front or a direction toward
                        the front of the body.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Posterior (or dorsal). This describes the back or a direction toward
                        the back of the body.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Superior (or cranial). This describes a position above or higher than
                        another part of the body.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Inferior (or caudal). This describes a position below or lower than
                        another part of the body.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Lateral. This describes a position
                        toward the side of the body, away from the midline.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Medial. This describes a position
                        toward the middle of the body, closer to the midline.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Proximal. This describes a position
                        on a limb that is closer to where the limb attaches to the body. 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Distal. This describes a position
                        on a limb that is further away from where the limb attaches to the body.

                     
                     

                  
                  

               
               
               
               Given the ability of limbs to be held in different positions, it is important to note
                  that these terms are referred to as though the body is in a normal, relaxed standing
                  position, with arms hanging at the side of the body, palms facing forward. These
                  various directional terms are shown in Exhibit 1-12.

               
               
               
               
                  Exhibit 1-12: Directional Terms[image: Diagram of anatomical directions showing anterior/ventral, posterior/dorsal, superior, inferior, medial, lateral, proximal, and distal labeled on human body figures with arrows indicating orientation.]
               
               
               

            
            

         
         
         
         
            
            
            Body Cavities

            
            
            
            
               
               
               Also of importance to symptom interpretation and diagnostic
                  processes are the various cavities of the body. Some of the important cavities to
                  remember include the following: 

               
               
               
               
                  
                  
                  	
                     
                     
                     Dorsal body cavity. This cavity
                        features two main subdivisions:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Cranial cavity. This cavity
                              houses the brain, protected by bone and cerebrospinal fluid. 

                           
                           

                        
                        
                        	
                           
                           
                           Vertebral cavity (or spinal cavity). This cavity
                              encloses the spinal cord and is protected by vertebrae and
                              cerebrospinal fluid.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ventral body cavity. This cavity
                        also features three main subdivisions:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Thoracic cavity. This
                              cavity is the upper cavity of the ventral body cavity and is
                              enclosed by the rib cage. It contains two subdivisions:

                           
                           
                           
                           
                              
                              	
                                 
                                 
                                 Pleural cavity.
                                    This cavity contains the lungs.

                                 
                                 

                              
                              
                              	
                                 
                                 
                                 Pericardial cavity.
                                    This cavity contains the heart.

                                 
                                 

                              

                           
                           

                        
                        
                        	
                           
                           
                           Abdominal cavity. This
                              cavity contains the digestive organs, including the stomach, liver,
                              gall bladder, small intestine, and large intestine; it also contains
                              the kidneys.

                           
                           

                        
                        
                        	
                           
                           
                           Pelvic cavity. This cavity
                              contains the bladder and reproductive organs. 

                           
                           

                        

                     
                     

                  
                  

               
               
               
               These cavities are depicted in Exhibit 1-13.

               
               
               
               
                  Exhibit 1-13: Body Cavities[image: Diagram of body cavities. Side and front views show dorsal cavity (cranial and spinal) and ventral cavity (thoracic with pleural and pericardial, abdominal, and pelvic cavities) labeled.]
               
               
               

            
            

         
         
         
         
            
            
            Membranes

            
            
            
            
               
               
               Important to the body’s ability to avoid infection are membranes, which are a thin layer of cells that cover the exterior of
                  the body, the organs, or internal passages that adjoin an orifice. These are the
                  main types of membranes pertinent to infection prevention:

               
               
               
               
                  
                  
                  	
                     
                     
                     Mucous membranes. These line the
                        digestive, respiratory, urinary, and reproductive tracts. They are coated
                        with secretions (mucus) that help protect the body from infection.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Serous membranes. These line the
                        peritoneal, pleural, and pericardial cavities, all of which are closed off
                        from the exterior of the body.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cutaneous membrane. This is the
                        skin, which covers the exterior of the body. 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Synovial membranes. These line
                        joint cavities and produce the fluid within the joint.

                     
                     

                  
                  

               
               
               
               The above tissue membranes in the body are often separated into two broader
                  categories of membranes, epithelial and connective. Connective membranes include the
                  synovial membranes, while epithelial membranes consist of mucous, serous, and
                  cutaneous membranes.

               
               
               
               Exhibit 1-14 depicts
                  where each type of membrane is found. 

               
               
               
               
                  Exhibit 1-14: Membranes[image: Diagram of human body showing four types of membranes: mucous membranes (respiratory/digestive tracts), serous membranes (thoracic/abdominal cavities), cutaneous membrane (skin), and synovial membranes (joints).]
               
                  Nelson, A., & Greene, K. (2021). Medical
                     Terminology for Healthcare Professions. University of West Florida
                     Pressbooks. https://pressbooks.uwf.edu/medicalterminology/
                  

               
               
               

            
            

         
         
         
         
            
            
            Symptom Terminology

            
            
            
            
               
               
               When faced with a potential infectious individual, there are a wide range of symptoms
                  that may arise. While it is impossible to define every potential symptom, we will
                  examine many of the commonly encountered symptoms in Exhibit 1-15.

               
               
               
               
                  Exhibit 1-15: Symptom Terminology
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Symptom

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Description

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Abscess

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    An enclosed collection of pus in tissues, organs, or
                                       confined spaces in the body.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Anemia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A condition in which the number of red blood cells or
                                       hemoglobin is below the typically accepted range. 

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Apnea

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A temporary absence of respiration.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Bacteremia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Viable bacteria in the blood.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Cellulitis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Infection of the skin and the tissue beneath the
                                       skin.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Conjunctivitis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Inflammation or infection of the conjunctiva of the eye,
                                       also called pinkeye.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Coryza

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A runny nose or congestion caused by inflammation of the
                                       mucous membranes of the nose.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Cyanosis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A condition in which the oxygen supply is restricted,
                                       causing the skin to look blue.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Emesis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Vomiting.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Expectoration

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The act of coughing up and spitting out the material
                                       produced in the respiratory tract, also called sputum
                                       production.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Gastroenteritis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Inflammation of the lining of the stomach and the
                                       intestines. It may result in diarrhea, vomiting, and
                                       abdominal pain.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Hematuria

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Blood in the urine.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Hemoptysis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Coughing or spitting up blood that originates from the
                                       lungs.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Hemorrhage

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Bleeding that originates from a damaged blood vessel.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Hypoxia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A lack of oxygen supply to the tissues.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Impetigo

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    An acute contagious staphylococcal or streptococcal skin
                                       disease characterized by vesicles, pustules, and
                                       yellowish crusts. 

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Jaundice

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A condition in which the skin and the whites of the eyes
                                       become yellow, urine darkens, and the color of stool
                                       becomes lighter than normal.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Koplik spots

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Small bluish white dots surrounded by a reddish zone that
                                       appear on the mucous membrane of the cheeks and lips
                                       before the appearance of the skin eruption in a case of
                                       measles.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Lethargy

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A condition marked by drowsiness and an unusual lack of
                                       energy and mental alertness.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Leukopenia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A condition in which too few white blood cells are
                                       produced.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Maculopapular

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A red rash with both flat red areas (macules) and small
                                       bumps (papules) that may run together.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Meningitis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Inflammation of the meninges, the tough membranes that
                                       surround the brain and spinal cord.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Myalgia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Pain in a muscle or group of muscles.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Necrosis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Death of body tissue.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Otitis media

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Inflammation of the middle ear.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Pneumonia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A severe inflammation of the lungs in which the alveoli
                                       (tiny air sacs) are filled with fluid.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Pruritus

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Itchy skin.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Purpuric

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Red or purple discolorations caused by bleeding under the
                                       skin or mucous membranes that do not blanch or fade with
                                       pressure. 

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Pyuria

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The presence of white blood cells in the urine.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Sepsis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The body’s overactive and extreme response to an
                                       infection. Sepsis is a life-threatening emergency.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Sinusitis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Inflammation of the sinuses.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Somnolence

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Drowsiness or sleepiness.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Tachycardia

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A condition in which the resting heart rate is above 100
                                       beats per minute.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Thrombosis

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    The formation of blood clots inside a blood vessel or a
                                       chamber of the heart.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Ulcer

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    A break on the skin, in the lining of an organ, or on the
                                       surface of a tissue.

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
   
      
         
         
         
         Section B: Factors Influencing Likelihood of Disease
            Presence

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

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

                  
                  

               
               

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

            
            

         
         
         
         
   
      
         
         
         
         Assessing Risk
            Factors

         
         
         
         
            
            
            A risk factor is something that increases the possibility
               of a person acquiring a disease or infection. The European Patients’ Academy on
               Therapeutic Innovation (EUPATI) has identified five general categories into which
               patient risk factors can be grouped. Examples can be seen in Exhibit 1-16.

            
            
            
            
               Exhibit 1-16: Risk Factor Categories and Examples
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Risk Factor Category

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Examples

                                 
                                 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Behavioral

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Tobacco use

                                 
                                 
                                 
                                 Alcohol consumption

                                 
                                 
                                 
                                 Diet and nutrition

                                 
                                 
                                 
                                 Physical activity levels

                                 
                                 
                                 
                                 Sun exposure (skin conditions)

                                 
                                 
                                 
                                 Unsafe sex

                                 
                                 
                                 
                                 Vaccinations

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Physiological

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Overweight/obese

                                 
                                 
                                 
                                 High blood pressure

                                 
                                 
                                 
                                 High blood cholesterol

                                 
                                 
                                 
                                 High glucose (blood sugar)

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Demographic

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Age

                                 
                                 
                                 
                                 Occupation

                                 
                                 
                                 
                                 Religion

                                 
                                 
                                 
                                 Level of income

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Environmental

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Clean water and sanitation access

                                 
                                 
                                 
                                 Workplace risks

                                 
                                 
                                 
                                 Air pollution

                                 
                                 
                                 
                                 Social relationships

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Genetic

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Cystic fibrosis

                                 
                                 
                                 
                                 Muscular dystrophy

                                 
                                 
                                 
                                 Asthma

                                 
                                 
                                 
                                 Diabetes

                                 
                                 
                              

                           
                        

                     

                  
                  

               
            
            
            
            While these categories are an effective way to
               understand the risk of infection, a different structure that may be more closely
               related to how facilities and providers gather risk data on patients arriving for
               treatment broadly utilizes four risk factor categories: 

            
            
            
            
               
               
               	
                  
                  
                  Travel

                  
                  

               
               
               
               	
                  
                  
                  Environment

                  
                  

               
               
               
               	
                  
                  
                  Vaccination status

                  
                  

               
               
               
               	
                  
                  
                  Immunocompromising factors

                  
                  

               
               

            
            
            
            No matter how risk factors are considered, the factors influencing
               risk are numerous and interrelated. Let’s now examine the four risk factor
               categories listed above in more detail.

            
            

         
         
         
         
         
            
            
            Travel

            
            
            
            
               
               
               
               The number of people traveling abroad annually has increased
                  dramatically during the past 25 years. The ease of international travel has brought
                  with it effortless transportation of highly contagious diseases from one continent
                  to another; the global pandemic of COVID-19 has showcased the challenges of travel
                  and infection spread. Adherence to Standard Precautions is an
                     essential component to prevent the transmission of new or unknown infections and
                     colonizing organisms that might be picked up while traveling, upon an
                     individual’s return home.

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

               
               
               
               
                  Key Point

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

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

                     
                     

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

               
               
               
               Using the information gathered from the
                  patient, resources such as the CDC’s Traveler’s Health page, which includes
                  travel advisories and reports of outbreaks worldwide sortable by location, can
                  help create a clearer picture of the risk associated with travel.

               
               

            
            
            
            
               
               
               Considerations for Employee Travel

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

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

                  
                  

               
               

            
            

         
         
         
         
            
            
            The Environment

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

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

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

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

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

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Plumbing system design and
                        operation.

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Compliance with hand and
                        respiratory hygiene processes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Population density in a
                        facility.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organism prevalence in a
                        facility.

                     
                     

                  
                  

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

               
               
               
               
                  Key Point

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

                     
                     

               
               

            
            

         
         
         
         
            
            
            Vaccination Status

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

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

               
               
               
               
                  
                  
                  	
                     
                     
                     Anthrax.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Cholera.

                     
                     

                  
                  
                  
                  	
                     
                     
                     COVID-19.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Dengue.

                     
                     

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

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ebola.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hepatitis A (HepA).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hepatitis B (HepB).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Haemophilus influenzae Type b
                        (Hib).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Human papillomavirus (HPV).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Influenza.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Japanese encephalitis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Measles, mumps, and rubella
                        (MMR).

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Mpox.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Meningococcal disease.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Pneumococcal disease.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Polio.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Rabies.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Respiratory syncytial virus (RSV).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Rotavirus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Smallpox (vaccinia).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Typhoid.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Varicella (chickenpox).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Yellow fever.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Zoster (shingles).

                     
                     

                  
                  

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

               
               
               
               
                  Key Point

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

                     
                     

               
               

            
            

         
         
         
         
            
            
            Immunocompromising Factors

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

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

               
               
               
               The various host defects that are commonly
                  associated with impaired immune resistance can be put into seven general categories.
                  These categories are as follows.

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

                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Mucous membrane barrier
                           defects.
                        

                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Conditions that cause
                           obstruction of a natural body passage.
                        

                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Abnormal number or function of
                           granulocytes.
                        

                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Abnormalities of cell-mediated
                           immunity.
                        

                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Abnormalities of humoral
                           immunity.
                        

                     
                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Factors that affect immunity
                           in multiple ways.
                        

                     
                     
                     

                  
                  

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

               
               
               
               
                  Key Point

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

                     
                     

               
               
               
               Exhibit 1-17 shows the major categories of host defects
                  and how they lead to the net state of immunosuppression.

               
               
               
               
                  Exhibit 1-17: Interacting Host Defects That Affect State of Immunosuppression[image: An illustration of a human figure labeled “Host” with the title “State of immunosuppression.” Go to long description for more details.]
               
                  Go to long description.
                  

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

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

               
               
               
               
                  Key Point

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

                     
                     
                     

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

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

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Birthplace and geographical areas of residence.

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     A meticulous systems review and
                        physical examination.

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section C: Local and Global Health Factors

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

            
            
            
            
               After completing this section,
                  learners will be able to:
               

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

                  
                  

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

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Public Health
            Organizations

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

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

            
            
            
            
               Key Point

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

                  
                  

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

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

                  
                  
                  
                  
                     
                     	
                        
                        
                        Vaccination programs.

                        
                        

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

                        
                        

                     
                     
                     	
                        
                        
                        Public health community
                           guidance and education.

                        
                        

                     
                     
                     	
                        
                        
                        Outbreak investigations and
                           case follow-up.

                        
                        

                     
                     
                     	
                        
                        
                        Tuberculosis and sexually
                           transmitted infection treatment.

                        
                        

                     
                     
                     	
                        
                        
                        Bioterrorism, emergency, and
                           pandemic preparedness leadership and response.

                        
                        

                     
                     
                     	
                        
                        
                        Clinic health services for
                           uninsured or underinsured individuals.

                        
                        

                     
                     
                     	
                        
                        
                        Public health nurse and school
                           nurse services.

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Prevention. Many prevention efforts are
                     targeted at specific populations or subpopulations, such as specific age
                     groups, at-risk or behavior-associated groups, or persons with the same
                     chronic disease such as diabetics. 

                  
                  

               
               
               
               	
                  
                  
                  Health equity. The CDC has defined this as “The state in which
                     everyone has a fair and just opportunity to attain their highest level of
                     health.”

                  
                  

               
               
               
               	
                  
                  
                  Notifiable diseases and reporting.
                     Notifiable, or reportable, infectious diseases are generally those that are
                     of public interest due to contagiousness, severity, or frequency. Whether
                     reporting is required or not depends on the specifics of the organism and
                     associated requirements from authoritative entities. 

                  
                  
                  

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

                  
                  
                  
                  Public health typically offers
                     consultation on cluster and outbreak investigation. 

                  
                  

               
               
               
               	
                  
                  
                  Emerging infectious disease/pathogen oversight and leadership. The potential and actual need to contain
                     infectious individuals and quarantine exposed individuals has generally led
                     to change in public health laws and authorities and an increased leadership
                     role for public health organizations across the globe. 

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

                  
                  

               
               

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

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

                  
                  

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

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            World Health Organization

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

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

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

                  

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

               
               

            
            

         
         
         
         
         
            
            
            Centers for Disease Control and Prevention

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

               
               
               
               
               The CDC publishes a vast array of recommendations and
                  guidelines related to infection prevention and control, as well as most other issues
                  related to disease and healthcare. To guide IPs and other healthcare professionals
                  who need to implement their recommendations, the CDC’s Healthcare Infection Control
                  Practices Advisory Committee (HICPAC) has developed a system of categorization for
                  each recommendation, based on existing scientific data, theoretical rationale,
                  applicability, and sometimes economic impact. The CDC/HICPAC recommendation
                  categories are shown in Exhibit 1-18.

               
               
               
               
                  Exhibit 1-18: CDC/HICPAC Recommendation Categories
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Category
                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Details
                                       

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    IA

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Strongly
                                             recommended for implementation.

                                          
                                          

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

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    IB

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Strongly
                                             recommended for implementation.

                                          
                                          

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

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    IC

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Required for
                                             implementation.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Mandated by
                                             federal and/or state regulation or standard.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    II

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Suggested for
                                             implementation.

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Supported by
                                             suggestive clinical or epidemiologic studies or
                                             theoretical rationale.

                                          
                                          

                                       

                                    
                                    
                                 

                              
                           

                        

                     
                     

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

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

               
               

            
            

         
         
   
      
         
         
         
         Nongovernmental
            Entities

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

            
            
            
            
               
               
               	
                  
                  
                  Accreditation agencies. Examples include The Joint Commission, the
                     American Osteopathic Association, and the College of American
                     Pathologists.

                  
                  

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

                  
                  

               
               
               
               	
                  
                  
                  Consumer resources. In many areas, performance and infection
                     prevention outcomes data are publicly available, by law. The CMS Hospital
                     Compare is an example of this.

                  
                  

               
               
               
               	
                  
                  
                  Professional and trade organizations. The Association for
                     Professionals in Infection Control and Epidemiology (APIC) is an example of
                     these types of organizations.

                  
                  

               
               
               
               	
                  
                  
                  Manufacturer’s instructions for use. Manufacturers provide
                     recommendations for the use of their products (including protocols for
                     cleaning, disinfection, and sterilization) in most cases.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Laws and Regulations versus
            Guidelines

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

            
            
            
            Regulatory agencies cannot issue
               regulations that override statutory law. When agencies issue regulations, the
               regulations carry the weight of law, and compliance with them is mandatory.

            
            
            
            Guidelines are framed as recommendations, and
               they are written to provide practice guidance. These typically are based on expert
               consensus and the most current, best scientific evidence. Best practice is to follow
               guidelines, although they are not enforceable via legal penalties (unless they are
               adopted formally by a different law or rulemaking body). 

            
            
            
            
               Key Point

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

                  
                  
                  
                  
                     
                     	
                        
                        
                        Which
                           agencies regulate your facility

                        
                        

                     
                     
                     	
                        
                        
                        The
                           reportable illness list for your facility

                        
                        

                     
                     
                     	
                        
                        
                        Local
                           health department officials and how to contact
                              them at any time

                        
                        

                     
                     
                     	
                        
                        
                        Outbreak
                           and other reporting requirements

                        
                        

                     
                     
                     	
                        
                        
                        How to get
                           information from health departments

                        
                        

                     

                  
                  

            
            

         
         
         
         
         
            
            
            Regulatory Levels of Authority

            
            
            
            
               
               
               
               Typically, the highest level of regulatory authority
                  stems from the national government. In some circumstances, international bodies such
                  as the European Union may have some regulatory power that supersedes that of
                  national bodies. 

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

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

               
               
               
               

               
               
               
               
               

               
               

            
            

         
         
         
   
      
         
         
         
         Section D: Detecting, Identifying, and Responding to
            Disease

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

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

                  
                  

               
               

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

            
            

         
         
         
         
   
      
         
         
         
         Bacteria

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

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

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

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

            
            

         
         
         
         
         
            
            
            Size and Reproduction

            
            
            
            
               
               
               
               Bacteria are small, with most ranging from 0.2 to 2.0
                  micrometers in diameter and 2 to 8 micrometers in length (although larger species
                  do
                  exist), as illustrated in Exhibit 1-19. This
                  has implications associated with many IP concerns, such as mask rating and
                  effectiveness, air filtration, and cleaning and sanitation. For example, an almost
                  invisible crack in medical devices and/or equipment can harbor bacteria and
                  potentially serve as a transmission source. An IP who understands this will be able
                  to more effectively convince hospital staff of the need for effective cleaning and
                  disinfection procedures.

               
               
               
               
                  Exhibit 1-19: 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.
                  

               
               
               

            
            

         
         
         
         
            
            
            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.

               
               
               
               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 are much thinner and 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).

               
               
               
               Gram-negative bacteria are among the world’s most significant public
                  health challenges due to their high resistance to antibiotics.

               
               

            
            
            
            
               
               
               Bacteria Cell Shape and Organization

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

                  
                  
                  
                  Cocci tend to be round but may be irregularly
                     shaped. They are usually described as single or in pairs (diplococci), chains
                     (streptococci), or clusters (staphylococci). Most bacilli appear as single rods and
                     are fairly uniform in shape. However, some are oval and look so much like cocci that
                     they are called coccobacilli. If they’re seen in pairs, they’re identified as
                     diplobacilli. Spiral bacteria have one or more twists and may be curved (vibrios),
                     corkscrews (spirilla), or helical (spirochetes). These common shapes and
                     organizations are depicted in Exhibit 1-20.

                  
                  
                  
                  
                     Exhibit 1-20: 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. Endotoxins have moderate toxicity, while exotoxins are more potent and highly
                        toxic. This makes exotoxins more likely to cause major damage or death in an
                        infected individual.

                  
                  

               
               

            
            
            
            
               
               
               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.
                     They are remarkable for their ability to survive in water heated to above
                     boiling, extreme drying, and exposure to some toxic chemicals. 

                  
                  
                  
                  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. 

                  
                  
                  
                  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.

                  
                  
                  
                  

                  
                  
                  
                  
                     Key Point

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

                        
                        

                  
                  

               
               

            
            

         
         
         
         
            
            
            Common Grouping Criteria

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

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        Oxygen
                           utilization:
                        

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

                           
                           

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

                           
                           

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

                           
                           

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

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Typical infection
                           location:
                        

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

                           
                           

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

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Morphological
                           features:
                        

                     
                     
                     
                     
                        
                        	
                           
                           
                           Shape

                           
                           

                        
                        
                        	
                           
                           
                           Organization

                           
                           

                        
                        
                        	
                           
                           
                           Ability to form
                              endospores

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Enzyme production:
                        

                     
                     
                     
                     
                        
                        	
                           
                           
                           Catalase, which
                              catalyzes (breaks down) the
                              decomposition of hydrogen peroxide to water and oxygen.

                           
                           

                        
                        
                        	
                           
                           
                           Coagulase, which causes
                              blood to coagulate (clot).

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Other criteria:
                        

                     
                     
                     
                     
                        
                        	
                           
                           
                           Toxin production

                           
                           

                        
                        
                        	
                           
                           
                           Hemolysis on blood
                              agar

                           
                           

                        
                        
                        	
                           
                           
                           Sugar fermentation

                           
                           

                        
                        
                        	
                           
                           
                           Gas production

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Viruses

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

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

            
            

         
         
         
         
         
            
            
            Size and Reproduction

            
            
            
            
               
               
               
               Viruses are too small to be seen with a light
                  microscope (therefore they are sometimes said to be ultramicroscopic), although they
                  may be visualized with an electron microscope. They generally range in size from 20
                  to 400 nanometers (0.02 to 0.4 micrometers), as seen in Exhibit 1-21. This
                  means that only the largest viruses approach the same size as the smallest
                  bacteria.

               
               
               
               
                  Exhibit 1-21: Virus Size Comparison[image: An illustration comparing the sizes of various viruses to a human neutrophil cell. Go to long description for more details.]
               
                  Go to long description.
                  

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

               
               

            
            

         
         
         
         
            
            
            Classification and Taxonomy

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

               
               
               
               
                  
                  
                  	
                     
                     
                     Whether the virus contains DNA or
                        RNA

                     
                     

                  
                  
                  
                  	
                     
                     
                     Whether the virus is single- or
                        double-stranded

                     
                     

                  
                  
                  
                  	
                     
                     
                     Size and shape of the virus

                     
                     

                  
                  
                  
                  	
                     
                     
                     Structure of the protein coat

                     
                     

                  
                  
                  
                  	
                     
                     
                     Presence or absence of an
                        envelope

                     
                     

                  
                  
                  
                  	
                     
                     
                     Mode of replication

                     
                     

                  
                  

               
               
               
               
                  Key Point

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

                     
                     

               
               

            
            

         
         
         
         
            
            
            Prions

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

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

               
               
               
               
                  Key Point

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

                     
                     

               
               

            
            

         
         
   
      
         
         
         
         Fungi

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

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

            
            
            
            The two broad groups
               of fungi are yeasts and molds, based on the macroscopic appearance of the colonies
               formed. Yeasts are single-celled, 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. The most
                  common examples of yeast that are pathogenic in humans include Candida
                  species and Cryptococcus species. 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. Aspergillus, the
                  mold that causes aspergillosis, is very common both indoors and outdoors and is
                  ubiquitous in both home and healthcare environments. Several pathogenic
               species of fungi, such as Histoplasma capsulatum, 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.
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         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.

            
            
            
            
               
               
               	
                  
                  
                  Protozoa are the simplest life forms and include amoebas,
                     flagellates, ciliates, and nonmotile tissue-dwelling organisms. 

                  
                  
                  

               
               
               
               	
                  
                  
                  Helminths are large, multicellular
                     organisms whose adult stages are generally visible to the naked eye. 

                  
                  
                  

               
               
               
               	
                  
                  
                  Microfilaria are microscopic filarial
                     worms transmitted by mosquitoes. 

                  
                  

               
               
               
               	
                  
                  
                  Arthropods live on the outside of their
                     hosts and transmit parasitic, viral, bacterial, and rickettsial diseases
                     while ingesting a blood meal. 

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Section E: Colonization and Infection 

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

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

                  
                  

               
               

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

            
            

         
         
         
         
   
      
         
         
         
         Infection

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

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

                  
                  

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

                  
                  

               
               

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

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

                  
                  

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

                  
                  

               
               

            
            
            
            
               Key Point

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

                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Colonization

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

            
            
            
            
               Key Point

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

                  
                  

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

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

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

            
            

         
         
         
         
   
      
         
         
         
         Contamination

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

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

            
            
            
            
               Key Point

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

                  
                  

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

            
            
            
            
               
               
               	
                  
                  
                  Equipment, including things like probes
                     and implanted medical devices.

                  
                  

               
               
               
               	
                  
                  
                  Environmental surfaces, such as bed
                     rails and television remotes.

                  
                  

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

                  
                  

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

                  
                  

               
               
               
               	
                  
                  
                  Personal protective equipment, for
                     example, masks and gloves.

                  
                  

               
               

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

            
            

         
         
         
         
   
      
         
         
         
         Flora

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

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

                  
                  

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

                  
                  

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

                  
                  

               
               

            
            
            
            
               Key Point

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

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

                  
                  

            
            
            
            In order to help determine whether the presence
               of flora is pathogenic or not, it is useful to understand which flora are considered
               normal across four major body sites. Exhibit 1-22 provides a list of normal flora as is found
               on skin, in the respiratory tract, in the gastrointestinal tract, and in the
               genitourinary tract, though other examples of common flora may also be found.

            
            
            
            
               Exhibit 1-22: 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.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Section F: Immune System
            Responses

         
         
         
         
            
            
            
               After completing this section, learners will be able
                  to:
               

            
            
            
            
               
               
               	
                  
                  
                  Differentiate between the different immune system
                     components that respond to infection

                  
                  

               
               

            
            
            
            The host response to infection involves the cellular immune system, the humoral
               immune system, and other defenses. We will examine each of these next, followed by
               a
               discussion of how all of these areas work together to create a systemic
               response.

            
            

         
         
         
         
   
      
         
         
         
         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. These are the
                              first to respond to a bacteria or virus.

                        
                        

                     
                     
                     	
                        
                        
                        Lymphocytes. These fight
                              infections through the production of
                              antibodies.

                        
                        

                     
                     
                     	
                        
                        
                        Monocytes.
                           These clean up dead cells in
                              the body.

                        
                        

                     
                     
                     	
                        
                        
                        Eosinophils. These are known
                              for their role in triggering allergy
                              symptoms.

                        
                        

                     
                     
                     	
                        
                        
                        Basophils.
                           These are known for their role
                              in inflammation in the body and narrowing of the
                              airways (i.e., asthma).

                        

                     

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

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

                  
                  
                  
                  
                  
                  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.

            
            
            
            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.

                  
                  

               
               

            
            
            
            
               Key Point

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

                  
                  

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

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

            
            

         
         
         
         
   
      
         
         
         
         Systemic Operation

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

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

            
            

         
         
         
         
   
      
         
         
         
         Section G:
            Common Infections and Their Symptoms

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

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

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Symptoms Associated with Common
            Infections

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

            
            
            
            
               Key Point

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

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

                        
                        

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

                        
                        

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

                        
                        

                     
                     

                  
                  

            
            
            
            Common illnesses and their symptoms include the following:

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

                  
                  

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

                  
                  

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

                  
                  

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

                  
                  

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

                  
                  

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

                  
                  

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

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

                        
                        

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

                        
                        

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

                        
                        

                     
                     

                  
                  

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

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Common Organisms by Type of Typical
            Encounter

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

            
            
            
            
               
               
               	
                  
                  
                  Bioterrorism agents

                  
                  

               
               
               
               	
                  
                  
                  Foodborne-illness-causing
                     organisms

                  
                  

               
               
               
               	
                  
                  
                  Opportunistic organisms

                  
                  

               
               

            
            
            
            
               Key Point

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

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

                        
                        

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

                        
                        

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

                        
                        

                     
                     

                  
                  

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

            
            

         
         
         
         
         
            
            
            Bioterrorism Agents

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

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Foodborne-Illness-Causing Organisms

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

               
               
               
               Exhibit 1-23 shares commonly encountered foodborne illnesses (as
                  identified by the CDC “Guide to Confirming an Etiology in Foodborne Disease
                  Outbreak”) and their incubation period (as identified by the APIC Text, the CDC “Guide,” and other
                  resources).

               
               
               
               
                  Exhibit 1-23: Commonly Encountered Foodborne Organisms with Incubation Periods and
                     Symptom Duration
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Organism Type

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Common Examples

                                    
                                    
                                 
                                 
                                 
                                 	Typical
                                    
                                    Incubation Period

                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Typical Symptom Duration

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Bacteria

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Bacillus
                                          cereus
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Vomiting toxin: 1–6 hours

                                    
                                    
                                    
                                    Diarrheal toxin: 8–16 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Vomiting toxin: Within a day

                                    
                                    
                                    
                                    Diarrheal toxin: 8–16 hours

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Brucella
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–3 weeks

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Weeks

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Campylobacter
                                          jejuni/coli
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–5 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–10 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Clostridium
                                          botulinum
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    12–72 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Varies with illness severity

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Clostridium
                                          perfringens
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    8–16 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 days

                                    
                                    
                                 
                                 

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

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–8 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    5–10 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Listeria
                                          monocytogenes
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    GI symptoms: 9–48 hours

                                    
                                    
                                    
                                    Invasive disease: 2–6 weeks

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    GI symptoms: 1–3 days

                                    
                                    
                                    
                                    Invasive
                                       disease: Several days to several weeks

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Salmonella
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–3 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    4–7 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Shigella
                                       spp.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    4–7 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Staphylococcus
                                          aureus
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–6 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Streptococcus
                                       group A

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–4 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Within 4 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Vibrio cholerae
                                       (toxin)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–3 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    3–7 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Vibrio
                                          parahaemolyticus
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–48 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–5 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Yersinia
                                          enterocolitica
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–3 weeks

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Viruses

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Astroviruses

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    10–70 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–9 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Hepatitis A

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    15–50 days, average 28 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 weeks

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Noroviruses

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    12–48 hours

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    12–60 hours

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Parasites

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Cryptosporidium
                                       spp.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–10 days

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–14 days

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Cyclospora
                                          cayetanensis
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–14 days, usually >1 week

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    10–12 weeks, may relapse

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Giardia
                                       spp.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    1–2 weeks

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    2–6 weeks

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Trichinella
                                       spp.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Intestinal phase: 1–2 days

                                    
                                    
                                    
                                    Systemic phase: 2–8 weeks

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Intestinal phase: Unknown

                                    
                                    
                                    
                                    Systemic phase: 5–45 days

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               In the initial stages of a foodborne outbreak investigation, it
                  may not be apparent whether the causal agent is a bacterium, virus, parasite, or
                  other substance (such as a chemical); at times, only the apparent time from the
                  suspected exposure to the appearance of symptoms and/or the length of time that the
                  symptoms lasted may be available. Exhibit 1-24 displays the illnesses and incubation periods from Exhibit 1-23 in
                  descending order of time elapsed since exposure; Exhibit 1-25
                  displays the illnesses and symptom durations, again ordered from shortest to
                  longest.

               
               
               
               Note that the scales on Exhibit 1-24 and Exhibit 1-25 are sliding (not spaced consistently) as they move from left
                  to right. This was done so that all of the organisms could be displayed together in
                  the images. When comparing the bar length of organisms that are not directly beside
                  one another, take care to account for the change as the scale moves from left to
                  right to avoid errant conclusions regarding relative length.

               
               
               
               
                  Exhibit 1-24: Incubation Periods of Common Foodborne Illnesses[image: A horizontal bar chart listing foodborne pathogens in the left column and symptom onset ranges across a timeline from 1 hour to 2 months after exposure. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               
                  Key Point

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

                     
                     

               
               
               
               
                  Exhibit 1-25: Symptom Duration for Common Foodborne Illnesses[image: A bar chart showing the duration of symptoms for various foodborne pathogens. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               
               
               Note that in Exhibit 1-25,
                  due to some values not being definable, a handful of organisms listed in the
                  previous exhibits do not appear. Additionally, given that the left axis in this
                  graphic depicts the beginning of symptoms, symptoms would be present in the blue
                  area to the left of the bar and not present on the right side of the bar.

               
               

            
            

         
         
         
         
            
            
            Opportunistic Organisms

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

               
               
               
               Exhibit 1-26 shares a
                  list of some of the most commonly encountered opportunistic organisms. For more
                  information about any of the listed organisms, consult trusted information from
                  sources like WHO, CDC, and others.

               
               
               
               
                  Exhibit 1-26: Commonly Encountered Opportunistic Organisms
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Organisms Type

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Common Examples

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Bacteria

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Bacteroides
                                                fragilis
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Clostridium
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Enterococcus
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Encapsulated
                                             strains (especially type B) of Haemophilus
                                                influenzae

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Listeria
                                                monocytogenes
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Mycobacterium spp.,
                                             including M.
                                                tuberculosis

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Neisseria
                                                meningitidis
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Nocardia, such as
                                             N.
                                                asteroides

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Pseudomonas
                                                pseudomallei
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Rhodococcus
                                                equi
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Salmonella
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Staphylococcus
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Streptococcus
                                             spp.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Viruses

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Herpes group,
                                             especially cytomegalovirus and herpes
                                             zoster

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Fungi

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Aspergillus
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Candida
                                             spp.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Coccidioides
                                                immitis
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Cryptococcus
                                                neoformans
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Histoplasma
                                                capsulatum
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Penicillium
                                                marneffei
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Pneumocytis
                                                jiroveci
                                             

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Torulopsis
                                                glabrata
                                             

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Protozoa

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Cryptosporidium
                                             spp., such as C.
                                                parvum

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Toxoplasma
                                                gondii
                                             

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Helminths

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          
                                             Strongyloides
                                                stercoralis
                                             

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            
            

         
         
   
      
         
         
         
         Section H: Bacteria

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

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

                  
                  

               
               

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

            
            
            
            
               Key Point

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

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

                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Enteric Gram-Negative
            Bacteria

         
         
         
         

         
         
         
         
         
            
            
            Enterobacter

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

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Transmission from
                        hands of healthcare personnel (HCP), exposure to contaminated media like
                        food, solution, and medical equipment. 

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Escherichia
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species
                           name(s): Escherichia coli.

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Klebsiella
               

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Salmonella
               

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Serratia
               

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Shigella
               

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

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Predominant route is
                        through fecal-oral contact, mostly from person to person. 

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Other Gram-Negatives

         
         
         
         
         
            
            
            
               Acinetobacter
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Acinetobacter baumannii.

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Campylobacter
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Gastroenteritis.

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Haemophilus
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        Species name(s):
                         
                        Haemophilus
                           influenzae.
                        

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Contact and inhalation of
                        droplets.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Legionella
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        
                        Species name(s):
                         
                        Legionella
                           pneumophila.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Legionnaires’ disease (pneumonia), Pontiac fever (flu-like symptoms without pneumonia).

                     
                     

                  
                  
                  
                  	
                     
                     
                     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.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Neisseria
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Neisseria
                                 meningitidis: Meningitis, bacteremia/sepsis.

                           
                           

                        
                        
                        	
                           
                           
                           Neisseria
                                 gonorrhoeae: Genital infection, conjunctivitis, newborn
                              ophthlamitis, pharyngitis.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Respiratory droplets.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Pseudomonas
               

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Gram-Positive Bacteria

         
         
         
         

         
         
         
         
         
            
            
            
               Clostridioides
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Clostridioides difficile.

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Enterococci

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Listeria
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Listeria
                           monocytogenes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Perinatal listeriosis, meningitis.

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Staphylococcus (coagulase-negative)
               

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Staphylococcus (coagulase-positive)
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Staphylococcus aureus.

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               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.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:

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

                           
                           

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

                           
                           

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

                           
                           

                        
                        
                        	
                           
                           
                           S. pneumoniae:
                              Pneumonia, otitis media, meningitis.

                           
                           

                        
                        
                        	
                           
                           
                           S. viridans:
                              Endocarditis, oral abscesses.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

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

                           
                           

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

                           
                           

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

                           
                           

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

                           
                           

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

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         
            Mycobacterium
            

         
         
         
         

         
         
         
         
         
            
            
            Tuberculosis-Causing Mycobacterium

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                        
                        
                        
                        
                        Species
                           name(s):
                         
                        Mycobacterium tuberculosis.
                        

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Airborne
                        droplets.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Spirochetes

         
         
         
         

         
         
         
         
         
            
            
            
               Borrelia
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Borrelia burgdorferi.

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission: Ticks.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Treponema
               

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Treponema
                           pallidum.

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section I: Viruses and Prions

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

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

                  
                  

               
               

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

            
            

         
         
         
         
   
      
         
         
         
         Commonly Encountered Viruses

         
         
         
         
            
            
            As is
               noted in the discussion of the taxonomy of viruses, the relationships between the
               illness that a virus causes, the morphological characteristics of the microbe, and
               the scientific name may cause some confusion. Some viral genera contain only one
               species and thus may be referred
               to by the more commonly used name. Others contain multiple species that are so
               similar to one another that the distinction between them is relatively unimportant
               to an infection preventionist. Still other genera contain
               multiple species or serotypes that result in distinctive illnesses.

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

            
            

         
         
         
         
         
            
            
            Adenoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Adenovirus.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Respiratory and gastrointestinal infections.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission:
                        Direct and indirect contact.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Caliciviridae

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Gastroenteritis.

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Coronaviridae

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:

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

                           
                           

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

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

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

                           
                           

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

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Hepadnaviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Hepadnavirus (hepatitis
                        B).

                     
                     

                  
                  
                  
                  	
                     
                     
                     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, perinatal
                           transfer, body excretions and secretions, percutaneous and
                        permucosal exposure, indirect contact with contaminated inanimate surface,
                        blood products.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Herpesviridae

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark
                           infections:

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

                           
                           

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

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

                                 
                                 

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

                                 
                                 

                              

                           
                           

                        

                     
                     

                  
                  

               
               
               
               
                  Key Point

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

                     
                     

               
               
               
               
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

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

                           
                           

                        
                        
                        	
                           
                           
                           Varicella-zoster:

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

                                 
                                 

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

                                 
                                 

                              

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Orthomyxoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Influenza A and influenza
                        B.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Influenza.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of transmission:
                        Spread mainly by droplets made when people with flu cough, sneeze, or talk.
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Orthopoxvirus

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Paramyxoviridae

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Pneumoviridae

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Respiratory syncytial virus (RSV).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Bronchiolitis in
                              infants and young children, pneumonia, tracheobronchitis.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Modes of
                           transmission:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Direct
                              contact, indirect transmission from hands for fomites. 

                           
                           

                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Retroviridae (HIV)

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Prions

         
         
         
         

         
         
         
         
         
            
            
            Creutzfeldt-Jakob Disease (CJD)

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Name(s): Creutzfeldt-Jakob
                        disease.

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section
            J: Fungi and Parasites

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

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

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Commonly Encountered
            Fungi

         
         
         
         
            
            
            Commonly
               encountered fungi include the following.

            
            

         
         
         
         
         
            
            
            
               Aspergillus
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hallmark infections:
                        Pulmonary infections, sarcoidosis.

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Candida
               

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Hallmark infections:
                        

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

                           
                           

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

                           
                           

                        
                        

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
   
      
         
         
         
         Commonly Encountered
            Parasites

         
         
         
         
            
            
            Commonly
               encountered parasites include the following.

            
            

         
         
         
         
         
            
            
            Bedbugs

            
            
            
            
               
               
               
               
                  
                  
                  	
                     
                     
                     Species name(s): Cimex
                           lectularius.

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Cryptosporidium
               

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               Plasmodium
               

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Scabies

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section K: Clinical Testing

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to:
               

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

                  
                  

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

                  
                  

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

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Role of Diagnostic
            Microbiology Lab in Infection Prevention

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

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

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

                  
                  

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

                  
                  

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

                  
                  

               
               

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

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

            
            

         
         
         
         
         
            
            
            Biosafety Levels

            
            
            
            
               
               
               
               One important
                  consideration with regards to the DML and infection prevention is the concept of
                  biosafety levels, as defined by the CDC and other United States health agencies.
                  This 4-level system has become the “code of practice for biosafety” in the
                  laboratory setting. The levels and their key characteristics are:

               
               
               
               
                  
                  
                  	
                     
                     
                     Biosafety Level 1. Biosafety Level 1 (BL-1) defines conditions
                        suitable for work involving well-characterized microorganisms not known
                        to cause disease in healthy adult humans and of attendant minimal
                        potential hazard to laboratory personnel and the environment. Special
                        containment equipment or facility design is neither required nor
                        generally used. Infection prevention measures for BL-1 include hand
                        hygiene when indicated.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Biosafety Level 2. Biosafety Level 2 (BL-2) is similar to BL-1 and
                        is suitable for work involving agents of moderate potential hazard to
                        personnel and the environment. This safety level is appropriate when
                        work is done with any human blood, body fluids, or tissues in which the
                        presence of an infectious agent may be unknown. Except in extraordinary
                        circumstances (e.g., suspected outbreak of hemorrhagic fever), the
                        initial processing of clinical specimens and identification of isolates
                        can be done safely in a BL-2 laboratory. Certain procedures in which
                        infectious aerosols or splashes may be created are conducted in a
                        biologic safety cabinet (BSC) or with other physical containment
                        equipment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Biosafety Level 3. Biosafety Level 3 (BL-3) is applicable to
                        clinical, diagnostic, teaching, research, or production facilities in
                        which work is done with indigenous or exotic agents; such agents may
                        cause serious or potentially lethal disease as a result of exposure by
                        the inhalation route. In BL-3 laboratories, greater emphasis is placed
                        on primary and secondary barriers. These barriers protect personnel in
                        contiguous areas and the wider community from exposure to potentially
                        infectious aerosols and to prevent contamination of the environment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Biosafety Level 4. Biosafety Level 4 (BL-4) laboratories are the
                        most sophisticated of laboratories and are required for work with
                        dangerous and exotic agents that pose a high risk of aerosol
                        transmission for life-threatening diseases such as those caused by
                        Marburg and Ebola viruses. These types of laboratories are rarely found
                        within a hospital and are typically found in reference and/or research
                        settings. 

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Tests Used
               to Achieve Definitive Diagnosis

            
            
            
            
               
               
               
               Many test methods rely on a culture of the suspected pathogen.
                  

               
               
               
               
                  It is important to note that
                     there is a difference between a culture and a bacteria pure culture.
                  

               
               
               
               
                  
                  
                  	
                     
                     
                     A culture is created from a specimen that is received by a lab
                        that is (often) placed into or onto a special media to cultivate the growth
                        of any microbes contained in the specimen. Once that growth has occurred,
                        further tests can be done to identify the organisms that were present in the
                        specimen. However, clinical specimens usually contain a variety of microbes
                        in addition to the suspected pathogen(s), such as common commensals and
                        colonizing organisms. Thus, reliable identification is only possible when a
                        pure culture is prepared.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A bacteria pure culture is a culture that was created from a
                        single bacterium that was extracted from a specimen. This may require the
                        use of additional tools, such as a streak plate, but results in definitive
                        identification of the microbe in question. 

                     
                     

                  
                  

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

               
               
               
               Tests can be grouped based on their function
                  and use:

               
               
               
               
                  
                  
                  	
                     
                     
                     Direct examination

                     
                     

                  
                  
                  
                  	
                     
                     
                     Other infectious process tests

                     
                     

                  
                  
                  
                  	
                     
                     
                     Tests that detect immunological response

                     
                     

                  
                  
                  
                  	
                     
                     
                     Molecular
                        and diagnostic

                     
                     

                  
                  

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

               
               

            
            
            
            
               
               
               Direct Examination

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

                  
                  

               
               
               
               
                  
                  
                  Staining Methods

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

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

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

                           
                           

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

                           
                           

                        
                        

                     
                     
                     
                     Some organisms absorb an increased amount of
                        the stains and are said to have a strong avidity, whereas others are weakly stained
                        and present a pale appearance (low avidity). 

                     
                     
                     
                     In addition to bacteria, many fungi and some
                        protozoa and helminths stain with the Gram stain process. 

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

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Histology/Cytology

                  
                  
                  
                  
                     
                     
                     
                     Histology is the study of the microscopic
                        structure of tissues, whereas cytology is the study of the formation, structure, and
                        function of cells. Histological or cytological procedures involve gross and
                        microscopic evaluation of a specimen or tissue by a qualified pathologist. Special
                        fixing or staining techniques may be used, depending on the suspected infectious
                        process. Histological examination is useful for diagnosing infections with agents
                        that are difficult or impossible to culture. The infectious agent may be seen
                        directly in the specimen or indirectly as characteristic cell damage. 

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Wet Mount

                  
                  
                  
                  
                     
                     
                     
                     A wet mount is the microscopic examination of
                        fresh clinical specimens. Specimens routinely collected for wet mount include sputum
                        viewed for fungal elements and stool
                        examined for larvae, adult worms, ova, cysts, or parasites. 

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Tests That Detect Immunological Response

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

                  
                  

               
               
               
               
                  
                  
                  Antigen Detection

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

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

                     
                     
                     
                     
                        Key Point

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

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

                           
                           

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Antibody Detection

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

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

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Molecular and Diagnostic Testing

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

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

                  
                  
                  
                  
                     Key Point

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

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

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

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

                        
                        

                  
                  
                  
                  The availability of tests has improved initial
                     diagnosis, disease prognosis, and monitoring of response to therapy. The largest
                     impact in initial diagnosis has been seen in clinical virology. 

                  
                  
                  
                  For bacteria, the use of molecular assays is
                     limited by the need to perform antibiotic susceptibility testing on isolates. 

                  
                  

               
               

            
            
            
            
               
               
               Other Infectious Process Tests

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

                  
                  

               
               
               
               
                  
                  
                  Body Fluid Analysis

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

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Cerebrospinal Fluid Analysis

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

                     
                     
                     
                     
                        Key Point

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

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

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

                           
                           

                     
                     

                  
                  

               
               
               
               
                  
                  
                  Complete Blood Count

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

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

                     
                     

                  
                  

               
               
               
               
               
                  
                  
                  X-Rays

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

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

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Importance
            of Specimen Collection and Transport

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

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

            
            

         
         
         
         
         
            
            
            General Guidelines for Specimen Collection

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

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

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

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Obtain cultures prior to administration
                        of antibiotics whenever possible.

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Urine Collection Methods

               
               
               
               
                  
                  
                  For any method of sample collection, there are specific procedures that must be
                     followed. However, there are several different methods for collecting a urine
                     sample that may be useful to know: 

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Clean catch. Clean catch midstream techniques can produce a
                           reputable specimen when obtained correctly and with care. As it is not
                           uncommon for urine in healthy individuals to have low counts of bacteria,
                           when possible, urine specimens should be collected as a “midstream” sample.
                           All samples regardless of method of collection should be placed in a sterile
                           collection container.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sample from intermittent straight catheterization kit. Obtaining a
                           specimen directly from the bladder by an invasive technique occasionally
                           may be necessary if contamination cannot be avoided, the patient is
                           unable to cooperate, or in some research settings. Insertion of an
                           indwelling urinary catheter to obtain urine specimens is unwarranted.
                           Intermittent straight catheterization kits are available for this
                           purpose.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sample from patients with indwelling urinary catheters. In
                           patients with indwelling urinary catheters, urine for culture should be
                           collected from the sampling port using aseptic technique. Specimens
                           should not be obtained from the urinary drainage bag nor should the
                           specimen be obtained by disconnecting the catheter from the drainage
                           tubing. Urinary catheter tips should not be cultured and are not
                           acceptable for the diagnosis of a UTI.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Other methods. In infants and young children, special collection
                           devices (wee-bags) or bladder catheterization and/or aspiration can be
                           used to collect an appropriate urine specimen. Leg bags and wee-bags in
                           adults are inappropriate methods of collecting urine specimens.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Considerations for Specimens Used in Bacterial/Fungal Cultures

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

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

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

                        
                        

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

                        
                        

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

                        
                        

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

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Rules from Clinical Laboratories

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

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

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

               
               

            
            

         
         
         
         
            
            
            Transportation Guidelines

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

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

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Never transport syringes with needles
                        attached.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Laboratories must have enforceable
                        criteria for rejection of unsuitable specimens.

                     
                     

                  
                  

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

               
               

            
            

         
         
   
      
         
         
         
         Section L: Antimicrobial Stewardship

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to:
               

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

                  
                  

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

                  
                  

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

                  
                  

               
               
               
               	
                  
                  
                  Collaborate with interdisciplinary team
                     members on an antimicrobial stewardship plan.

                  
                  

               
               
               
               	
                  
                  
                  Describe the various types of
                     antimicrobial agents and their use.

                  
                  

               
               
               
               	
                  
                  
                  Explain how antimicrobial resistance
                     develops in an organism.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Antimicrobials

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

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

               

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

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

            
            
            
            
               
               
               	
                  
                  
                  Infection site.

                  
                  

               
               
               
               	
                  
                  
                  Administration route.

                  
                  

               
               
               
               	
                  
                  
                  Mode of excretion of the
                     antimicrobial.

                  
                  

               
               
               
               	
                  
                  
                  Potential toxicity of the agent.

                  
                  

               
               
               
               	
                  
                  
                  Allergic history of the patient.

                  
                  

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

                  
                  

               
               

            
            
            
            
               Key Point

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

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

                  
                  

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

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

            
            
            
            
               Key Point

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

                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Types of Antimicrobials

         
         
         
         
            
            
            
            The major classification of antimicrobials is based
               on the broad category of microorganisms against which the drugs possess activity;
               this includes antibacterials, antivirals, antifungals, and antiparasitics. We will now briefly discuss antibacterials and antivirals in more
                  detail.

            
            

         
         
         
         
         
            
            
            Antibacterials

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

               
               

            
            
            
            
               
               
               Penicillins

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

                  
                  
                  
                  
                     
                     
                     

                  

               
               

            
            
            
            
               
               
               Cephalosporins

               
               
               
               
                  
                  
                  Several generations of cephalosporins are
                     available. Antimicrobials in higher (such as fourth and fifth)
                     generations generally have more broad-spectrum activities.

                  
                  

               
               

            
            
            
            
               
               
               Other β-Lactams

               
               
               
               
                  
                  
                  There are two additional classes of
                     β-lactam drugs: monobactam and carbapenems.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Antivirals

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

               
               

            
            

         
         
   
      
         
         
         
         Antimicrobial
            Stewardship Programs and Antimicrobial Use Strategies

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

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

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

            
            
            
            
               Key Point

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

                  
                  

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

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

            
            

         
         
         
         
         
            
            
            Uses of Antimicrobials

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

               
               
               
               
                  Key Point

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

                     
                     

               
               

            
            
            
            
               
               
               Prophylactic Uses

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

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

                  
                  

               
               

            
            
            
            
               
               
               Empiric Uses

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

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

                  
                  

               
               

            
            
            
            
               
               
               Pathogen-Directed/Therapeutic Uses

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

                  
                  
                  
                  
                     Key Point

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

                        
                        

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

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Factors
            Affecting Antimicrobial Use Outcomes

         
         
         
         
            
            
            
            Five major factors contribute to successful
               antimicrobial therapy:

            
            
            
            
               
               
               	
                  
                  
                  Prompt institution of an appropriate
                     antimicrobial

                  
                  

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

                  
                  

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

                  
                  

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

                  
                  

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

                  
                  

               
               

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

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

            
            

         
         
         
         
         
            
            
            Multiple-Drug-Resistant-Organisms (MDROs)

            
            
            
            
               
               
               
               
                  Key Point

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

                     
                     

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

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

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

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

               
               
               
               
                  
                  
                  	
                     
                     
                     Improved use of and compliance with hand hygiene
                        procedures.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Implementation of contact precautions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Surveillance.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Healthcare personnel education.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Improved environmental cleaning.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Correct and appropriate selection and use of
                        antimicrobials.

                     
                     

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

                     
                     

                  
                  

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

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

                     
                     

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

                     
                     

                  
                  

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

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

               
               

            
            

         
         
   
      
         
         
         
         Antimicrobial Susceptibility

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

            
            

         
         
         
         
         
            
            
            Susceptibility Pattern Interpretation

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

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

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

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

                  

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

               
               

            
            

         
         
         
         
         
            
            
            Antibiograms

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

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

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

               
               
               
               
                  Key Point

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

                     
                     

               
               
               
               Exhibit 1-27 shows an example of an antibiogram.

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

                  
                  
                  
                  
                     Go to long description.
                     

                  
                  

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

               
               

            
            

         
         
   
      
         
         
         
         MDROs Antimicrobial Misuse

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

            
            

         
         
         
         
         
            
            
            Antimicrobial Misuse

            
            
            
            
               
               
               
               Misuses of antimicrobials include the
                  following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Prolonged empiric antimicrobial therapy
                        without clear evidence of infection

                     
                     

                  
                  
                  
                  	
                     
                     
                     Treating a positive clinical culture in
                        the absence of infection

                     
                     

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

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prolonged prophylaxis

                     
                     

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

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Societal Overuse Harm

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

                  
                  
                  
                  ESBLs are found in common Gram-negative
                     bacteria, such as E. coli and K. pneumoniae, and they confer
                     resistance to all β-lactam drugs except the carbapenems. CREs are Gram-negative
                     pathogens that are resistant to most antimicrobials, including carbapenems that have
                     been useful for multiple-drug-resistant pathogens until now. 

                  
                  
                  
                   Antimicrobial stewardship is critical to preventing
                     antimicrobial prescribing habits that provide an environment conducive to such a
                     resistant pathogen.

                  
                  

               
               

            
            
            
            
               
               
               Patient Misuse Risk

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

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Stopping use of an antibiotic once
                           they feel better.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Using antibiotics left over from a
                           previous illness.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Pressuring providers into writing
                           prescriptions for them.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sharing prescriptions with
                           others.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Antimicrobial Misuse Interventions

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

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Interventions prior to or at the
                           time of prescription:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Clinician education

                              
                              

                           
                           
                           	
                              
                              
                              Patient and public
                                 education

                              
                              

                           
                           
                           	
                              
                              
                              Institution-specific
                                 guidelines for the management of common infections

                              
                              

                           
                           
                           	
                              
                              
                              Cumulative antibiograms

                              
                              

                           
                           
                           	
                              
                              
                              Prior authorization of
                                 restricted antimicrobials

                              
                              

                           
                           
                           	
                              
                              
                              De-labeling of spurious
                                 antibiotic allergies

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        Interventions after
                           prescription:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Prospective audit and
                                 feedback

                              
                              

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

                              
                              

                           
                           
                           	
                              
                              
                              Antibiotic dose
                                 optimization

                              
                              

                           
                           
                           	
                              
                              
                              Antibiotic duration

                              
                              

                           

                        
                        

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section M: Diagnostic Stewardship and
            Communication

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Describe the importance of diagnostic stewardship.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Diagnostic Stewardship and Communication

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

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

            
            
            
            Improving how the data are used includes
               ensuring that the reports are simple and contain interpretive statements to help
               guide correct understanding. Negative test results also need to be reported. Upon
               being received at the healthcare facility, the reports need to be easy to access in
               patient files (ideally electronically) and as part of surveillance data. 

            
            

         
         
         
         
         
            
            
            Communication

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

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

               
               
               
               
                  Key Point

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

                     
                     

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

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

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

               
               
               
               
                  
                  
                  	
                     
                     
                     Early recognition of sepsis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Timely administration of
                        medication.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Monitoring for side effects
                        associated with medication.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Obtaining samples to determine
                        therapeutic levels.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Accurate surgical prophylaxis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transitioning from IV to oral
                        therapy.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Appropriate resource use.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Assessing for allergy labeling.

                     
                     

                  
                  

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

               
               

            
            

         
         
   
      
         
         
         Long Description Appendix

         
         
            
            This appendix provides more detailed descriptions for some of the images found in
               the text. Return to the image location in the text by clicking the link at the end
               of each description.

            
            
            
               
               Exhibit 1-17: Interacting Host Defects That Affect State of Immunosuppression
[image: An illustration of a human figure labeled “Host” with the title “State of immunosuppression.” Read long description below.]
                  
                  
                  Arrows point to the host from the following list of factors:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Defects in the cutaneous barrier

                        
                        

                     
                     
                     	
                        
                        
                        Defects in the mucous membrane

                        
                        

                     
                     
                     	
                        
                        
                        Obstructions to a natural body passage

                        
                        

                     
                     
                     	
                        
                        
                        Abnormal number or function of granulocytes

                        
                        

                     
                     
                     	
                        
                        
                        Abnormalities of cell-mediated immunity

                        
                        

                     
                     
                     	
                        
                        
                        Abnormalities of humoral immunity

                        
                        

                     
                     
                     	
                        
                        
                        Factors that affect immunity in multiple ways

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-20: Common Shapes and Organizations of Bacteria
[image: A chart showing bacterial shapes and arrangements grouped into three categories: Coccus, Rod, and Spiral. Go to long description for more details.]
                  
                  
                  Coccus (spherical bacteria): Pairs, Chains, and Clusters

                  
                  
                  
                  Rod (bacillus-shaped bacteria): Single, Diplobacillus (pair),
                     Streptobacillus (chain), and Coccobacillus (short and round-ended rods)

                  
                  
                  
                  Spiral-shaped bacteria: Spirochete (tight spiral), Vibrio
                     (comma-shaped), and Spiral (loose curve or wave)

                  
                  
                  
                  Each type is represented with a simplified illustration of the bacterial
                     arrangement and shape.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-19: Bacteria Size Compared to Human Cell Size
[image: An illustration comparing the relative sizes of various bacteria and a human cell (neutrophil), labeled with dimensions in micrometers. Go to long description for more details.]
                  
                  
                  The diagram visually contrasts bacterial cell sizes with
                     that of a human immune cell. A note at the bottom clarifies: “µm =
                     micrometer.”

                  
                  
                  
                  
                     
                     	
                        
                        Methicillin-resistant Staphylococcus aureus (MRSA): 0.5 to 1.5
                           µm

                        

                     
                     
                     	
                        
                        Streptococcus pneumoniae: 0.5 to 1.25 µm

                        

                     
                     
                     	
                        
                        Vancomycin-resistant Enterococcus (VRE): 0.6 to 2.0 µm by 0.6
                           to 2.5 µm

                        

                     
                     
                     	
                        
                        Clostridioides difficile: 3 to 4 µm

                        

                     
                     
                     	
                        
                        Legionella pneumophila: 2 to 20 µm (shown here as 10
                           µm)

                        

                     
                     
                     	
                        
                        Human cell (neutrophil): 9 to 15 µm (shown here as 9
                           µm)

                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-24: Incubation Periods of Common Foodborne Illnesses
[image: A horizontal bar chart listing foodborne pathogens in the left column and symptom onset ranges across a timeline from 1 hour to 2 months after exposure. Read long description below.]
                  
                  
                  It is indicated that symptoms typically appear for a given
                     organism within the shaded time frame. Time intervals are labeled: 1 hour,
                     12 hours, 1 day, 3 days, 1 week, 1 month, and 2 months.

                  
                  
                  
                  Incubation periods for selected organisms include:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Bacillus cereus (vomiting toxin) and Staphylococcus aureus: 1–6
                           hours

                        
                        

                     
                     
                     	
                        
                        
                        Vibrio parahaemolyticus: 2–48 hours

                        
                        

                     
                     
                     	
                        
                        
                        B. cereus (diarrheal toxin) and Clostridium perfringens: 8–16
                           hours

                        
                        

                     
                     
                     	
                        
                        
                        Listeria monocytogenes (GI symptoms): 9–48 hours

                        
                        

                     
                     
                     	
                        
                        
                        Astroviruses: 10–70 hours

                        
                        

                     
                     
                     	
                        
                        
                        Noroviruses: 12–48 hours

                        
                        

                     
                     
                     	
                        
                        
                        Clostridium botulinum: 12–72 hours

                        
                        

                     
                     
                     	
                        
                        
                        Shigella spp., Trichinella spp. (GI symptoms), and Yersinia
                           enterocolitica: 1–2 days

                        
                        

                     
                     
                     	
                        
                        
                        Vibrio cholerae and Salmonella spp.: 1–3 days

                        
                        

                     
                     
                     	
                        
                        
                        Streptococcus group A: 1–4 days

                        
                        

                     
                     
                     	
                        
                        
                        E. coli (including O157:H7): 1–8 days

                        
                        

                     
                     
                     	
                        
                        
                        Cyclospora cayetanensis: 1–14 days, typically at least 1 week

                        
                        

                     
                     
                     	
                        
                        
                        Campylobacter jejuni and C. coli: 2–5 days

                        
                        

                     
                     
                     	
                        
                        
                        Cryptosporidium spp.: 2–10 days

                        
                        

                     
                     
                     	
                        
                        
                        Giardia spp.: 1–2 weeks

                        
                        

                     
                     
                     	
                        
                        
                        Brucella spp.: 1–3 weeks

                        
                        

                     
                     
                     	
                        
                        
                        Listeria monocytogenes (invasive): 2–6 weeks

                        
                        

                     
                     
                     	
                        
                        
                        Trichinella spp. (systemic): 2–8 weeks

                        
                        

                     
                     
                     	
                        
                        
                        Hepatitis A: 15–50 days, average 28 days

                        
                        

                     

                  
                  
                  
                  A blue bar next to each organism shows the time range during which symptoms
                     are most likely to appear.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-25: Symptom Duration for Common Foodborne Illnesses
[image: A bar chart showing the duration of symptoms for various foodborne pathogens. Read long description below.]
                  
                  
                  Each row includes a pathogen and a blue bar indicating when symptoms are
                     present, with a dotted section showing when symptoms typically resolve. The
                     horizontal axis shows time from symptom onset, ranging from 1 hour to 3
                     months.

                  
                  
                  
                  Key durations by pathogen:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Noroviruses: 12–60 hours

                        
                        

                     
                     
                     	
                        
                        
                        Bacillus cereus (vomiting toxin): 20–24 hours (within a day)

                        
                        

                     
                     
                     	
                        
                        
                        B. cereus (diarrheal toxin), C. perfringens, S. aureus: 1–2 days

                        
                        

                     
                     
                     	
                        
                        
                        Listeria monocytogenes (GI symptoms): 1–3 days

                        
                        

                     
                     
                     	
                        
                        
                        Vibrio parahaemolyticus: 2–5 days

                        
                        

                     
                     
                     	
                        
                        
                        Astroviruses: 2–9 days

                        
                        

                     
                     
                     	
                        
                        
                        Campylobacter jejuni and C. coli: 2–10 days

                        
                        

                     
                     
                     	
                        
                        
                        Cryptosporidium spp.: 2–14 days

                        
                        

                     
                     
                     	
                        
                        
                        Streptococcus group A: 3–4 days (within 4 days)

                        
                        

                     
                     
                     	
                        
                        
                        Vibrio cholerae: 3–7 days

                        
                        

                     
                     
                     	
                        
                        
                        Salmonella spp. and Shigella spp.: 4–7 days

                        
                        

                     
                     
                     	
                        
                        
                        E. coli (incl. O157:H7): 5–10 days

                        
                        

                     
                     
                     	
                        
                        
                        Trichinella spp. (systemic): 5–45 days

                        
                        

                     
                     
                     	
                        
                        
                        Hepatitis A: 1–2 weeks typical

                        
                        

                     
                     
                     	
                        
                        
                        Yersinia enterocolitica: 1–3 weeks

                        
                        

                     
                     
                     	
                        
                        
                        Giardia spp.: 2–6 weeks typical

                        
                        

                     
                     
                     	
                        
                        
                        Cyclospora cayetanensis: 10–12 weeks (symptoms may relapse)

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-21: Virus Size Comparison
[image: An illustration comparing the sizes of various viruses to a human neutrophil cell. Read long description below.]
                  
                  
                  All measurements are in micrometers (µm):

                  
                  
                  
                  
                     
                     	
                        
                        
                        HIV: 0.1 to 0.13 µm

                        
                        

                     
                     
                     	
                        
                        
                        Norovirus: 0.027 to 0.038 µm

                        
                        

                     
                     
                     	
                        
                        
                        Varicella-zoster: 0.15 to 0.2 µm

                        
                        

                     
                     
                     	
                        
                        
                        SARS-CoV-2: 0.07 to 0.09 µm

                        
                        

                     
                     
                     	
                        
                        
                        Influenza: 0.08 to 0.12 µm

                        
                        

                     
                     
                     	
                        
                        
                        Human cell (neutrophil): 9 to 15 µm (represented as 9 µm in
                           the image)

                        
                        

                     

                  
                  
                  
                  A large, textured cell occupies the lower right, showing the scale difference
                     between the human cell and the much smaller viruses. A note at the bottom
                     reads: “µm = micrometer.”

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 1-27: Antibiogram
[image: This image shows an “Annual Antimicrobial Susceptibility Report” (antibiogram) table for an unspecified year (20XX), summarizing the percent susceptibility of various bacteria to a list of antibiotics. Go to long description for more details.]
                  
                  
                  The table is divided into Gram-positive and Gram-negative
                     bacteria. Susceptibility is given as percentages for each antibiotic tested,
                     based on the first isolate per patient per year.

                  
                  
                  
                  Gram-Positive Organisms:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Staphylococcus aureus – oxacillin resistant (MRSA):

                        
                        
                        
                        
                           
                           	
                              
                              
                              1149/1926 isolates (59%)

                              
                              

                           
                           
                           	
                              
                              
                              0% susceptible to penicillin, 5% to oxacillin, 66% to
                                 erythromycin, 100% to vancomycin, 98% to TMP/SMZ
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