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         Module 2: Surveillance
            and Outbreaks

         
         
         
         
            
            
            Surveillance is an essential component of an
               effective infection prevention and control (IPC) program. This module discusses
               basic epidemiology concepts and the use of surveillance programs in healthcare
               facilities. It looks at steps to design and conduct a surveillance program and
               methodologies that can be used to collect, analyze, and present data. Then the
               module covers how to manage and report on an outbreak, including control measures
               that can be implemented to address gaps in performance to control and halt an
               outbreak.

            
            

         
         
         
         
   
      
         
         
         
         Section A: Epidemiology

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  List examples of epidemiologically
                     important risk factors.

                  
                  

               
               
               
               	
                  
                  
                  Implement processes associated with the
                     three levels of prevention.

                  
                  

               
               
               
               	
                  
                  
                  Describe various epidemiological models
                     and how they may be applied to infection prevention efforts.

                  
                  

               
               

            
            
            
            This section explains sound epidemiological
               principles, including levels of prevention, use of common terminology, and
               epidemiological models. These principles form the foundation for surveillance. After
               that, this section addresses the need for surveillance and its principles and goals.
               Note that risk assessments are vital to surveillance programs, but these assessments
               are addressed in another module.

            
            

         
         
         
         
   
      
         
         
         
         What Is
            Epidemiology?

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

            
            
            
            
               Key Point

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

                  
                  

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

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

            
            
            
            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 2-1.

            
            
            
            Exhibit 2-1: 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

                                       
                                       

                                    

                                 
                                 
                              

                           
                        

                     

                  
                  

               

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

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

            
            

         
         
         
         
   
      
         
         
         
         Prevention Levels 

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

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

                  

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

                  

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

                  

               
               

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

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

            
               Go to long description.
               

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

            
            

         
         
         
         
   
      
         
         
         
         Epidemiological Terminology

         
         
         
         
            
            
            
               
               
               
               In order to understand the results of epidemiological
                  studies, it is important to be familiar with a number of terms. Many terms are
                  defined throughout this learning system; other terms are described in Exhibit 2-3.

               
               
               
               
                  Exhibit 2-3: Epidemiological Terminology
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	 
                                 
                                 
                                 
                                 	 
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Incidence
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Prevalence
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Endemic
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Epidemic

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Pandemic
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Outbreak
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Cluster
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Vector
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Reservoir
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Zoonosis
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Fomite
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       
                                       Herd
                                          immunity
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Risk
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    The probability or likelihood of an event
                                       occurring.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Risk
                                          factor
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       Colonization
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Infection—unapparent, asymptomatic, or
                                          subclinical
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Infection—apparent, clinical, or
                                          symptomatic
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Healthcare-associated infection
                                          (HAI)
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       Community-acquired infection
                                          (CAI)
                                       

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

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    
                                       Contamination

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

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            

         
         
         
         
   
      
         
         
         
         General
            Epidemiological Models

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

            
            

         
         
         
         
         
            
            
            Epidemiological Triangle 

            
            
            
            
               
               
               
               The
                  epidemiological triangle consists of three elements:

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

                     
                     

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

                     
                     

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

                     
                     

                  
                  

               
               
               
               As represented in Exhibit 2-4, the epidemiological triangle is a simple but dynamic
                  system. A change to any of the three elements changes the existing equilibrium;
                  the change may result in an increase or decrease in the frequency of disease.
                  Changes may be expected or unexpected and may take many forms.

               
               
               
               
                  Exhibit 2-4: Epidemiological Triangle[image: A triangle represents the three components involved in the spread of disease. Each corner of the triangle is labeled: Host, Agent, and Environment. Curved arrows connect each component to the others in a continuous cycle.]
               
               
               

            
            

         
         
         
         
            
            
            Wheel Model of Disease Causation
               

            
            
            
            
               
               
               
               The wheel model, depicted in Exhibit 2-5, consists of a hub (the host or human)
                  with an inner core of genetic information. The environment surrounding the host
                  is divided into three parts: physical, biological, and social. The size of each
                  component is related to the disease process under consideration. For example,
                  the genetic core is large for hereditary disease and small for childhood viral
                  diseases. This model does not emphasize the agent per se. Instead, it focuses on
                  the interactions between the host and the environment and between the agent and
                  the environment.

               
               
               
               
                  Exhibit 2-5: Wheel Model of Disease Causation[image: Wheel Model of Disease Causation: A central “Genetic core” is surrounded by “Host (human),” with outer segments showing environmental influences—Biological, Social, and Physical.]
               
               
               

            
            

         
         
         
         
            
            
            Web Model of Disease Causation
               

            
            
            
            
               
               
               
               Another model for describing how disease
                  occurs is the web model of disease causation, also called the “web of
                  causation,” depicted in Exhibit 2-6. This model aims to capture the more
                  complex interactions between the biological (host), environmental, and social
                  factors that contribute to disease. It emphasizes the contributions of the
                  social and political aspects of human life and how these are interrelated to
                  other contributing factors.

               
               
               
               
                  Exhibit 2-6: Web Model of Disease Causation[image: Diagram of the web of causation showing how multiple factors contribute to disease. Go to long description for more details.]
               
                  Go to long description.
                  

               
               
               

            
            

         
         
         
         
            
            
            Chain of
               Infection

            
            
            
            
               
               
               
               The infection process can be described as a
                  chain, as seen in Exhibit 2-7.
                  Breaking the links of this chain can prevent infection, but first each link must
                  be understood. Each component, or link, in the chain is connected to another
                  link in the chain.

               
               
               
               
                  Exhibit 2-7: Chain of Infection[image: Chain of infection diagram with six linked ovals: Causative agent, Reservoir, Portal of exit, Transmission mode, Portal of entry, and Susceptible host, forming a continuous cycle with a curved arrow.]
               
               
               
               
               Now we will examine each component of the
                  chain in more detail.

               
               

            
            
            
            
               
               
               Causative Agent

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

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

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

                  
                  
                  
                  
                     Organisms
                     
                        may also have specific adaptations that help them succeed, such as high rates of
                        antigenic variation that help to circumvent host-immune responses. This is the
                        case with influenza, in which the outer protein antigens change from year to
                        year, necessitating the yearly development of a new influenza vaccine.
                      The ability to develop antimicrobial resistance also gives
                        the organism an advantage to continue causing infection.
                     

                  
                  

               
               

            
            
            
            
               
               
               Reservoir

               
               
               
               
                  
                  
                  
                  The next link in the chain is the reservoir, which is a
                     place in which an infectious agent can survive but may or may not multiply. There
                     are three common reservoirs of interest: humans, animals, and the environment.

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

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

                  
                  
                  
                  
                     Key Point

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

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

                              
                              

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

                              
                              

                           

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

                        
                        
                        

                  
                  

               
               

            
            
            
            
               
               
               Portal of Exit

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

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The respiratory tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The genitourinary tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The gastrointestinal tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The skin/mucous membranes.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Transplacental (mother to
                           fetus).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Blood.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Mode of Transmission

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

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

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

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

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

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

                  
                  
                  
                  
                     Key Point

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

                        
                        

                  
                  

               
               

            
            
            
            
               
               
               Portal of Entry

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

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The respiratory tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The genitourinary tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The gastrointestinal tract.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The skin/mucous membranes.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Transplacental (fetus to
                           mother).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Parenteral (percutaneous via
                           blood).

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Susceptible Host

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

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

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sex (e.g., reproductive diseases).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ethnicity.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Socioeconomic status.

                        
                        

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

                        
                        

                     
                     
                     
                     	
                        
                        
                        Lifestyle.

                        
                        

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

                        
                        

                     
                     
                     
                     	
                        
                        
                        Nutritional status.

                        
                        

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

                        
                        

                     
                     
                     
                     	
                        
                        
                        Immunization status.

                        
                        

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

                        
                        

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

                        
                        

                     
                     
                     
                     	
                        
                        
                        Pregnancy.

                        
                        

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

                        
                        

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

                        
                        

                     
                     

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

                  
                  
                  
                  
                     Key Point

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

                        
                        

                  
                  

               
               

            
            
            
            
               
               
               Breaking the Chain

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

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        For the agent:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Proper storage, handling, and
                                 cooking of food

                              
                              

                           
                           
                           	
                              
                              
                              Proper treatment of sewage and
                                 wastewater

                              
                              

                           
                           
                           	
                              
                              
                              Correct implementation of
                                 cleaning and sterilization techniques for medical equipment

                              
                              

                           
                           
                           	
                              
                              
                              Proper antimicrobial
                                 stewardship

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        For the host:

                        
                        
                        
                        
                           
                           	
                              
                              
                              Education, including on ways
                                 they can prevent spread to others

                              
                              

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

                              
                              

                           
                           
                           	
                              
                              
                              Immunization

                              
                              

                           
                           
                           	
                              
                              
                              Treatment of underlying
                                 conditions/disease

                              
                              

                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        For the environment/reservoir:

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

                              
                              

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

                              
                              

                           
                           
                           	
                              
                              
                              Pest control

                              
                              

                           

                        
                        

                     
                     

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        By breaking the chain of infection at any of
                           the links, the transmission of infection is stopped:

                        
                        
                        
                        
                           
                           	
                              
                              
                              The infectious agent is eliminated or
                                 inactivated or cannot survive in the reservoir (e.g., rapid
                                 identification and management of organisms, cleaning and disinfecting of
                                 the environment).

                              
                              

                           
                           
                           	
                              
                              
                              The portal of exit is managed through
                                 good infection prevention and control practices (e.g., hand hygiene,
                                 appropriate use of PPE, safe packaging, disposal of waste).

                              
                              

                           
                           
                           	
                              
                              
                              Transmission does not occur due to
                                 good infection prevention and control practices (e.g., hand hygiene,
                                 isolation of infected patients, air flow control where appropriate).

                              
                              

                           
                           
                           	
                              
                              
                              The portal of entry is protected
                                 (e.g., aseptic non-touch technique, safe catheter care, wound care).

                              
                              

                           
                           
                           	
                              
                              
                              The susceptibility of patients
                                 receiving healthcare is reduced (e.g., treatment of underlying disease,
                                 recognizing high-risk patients).

                              
                              

                           

                        
                        

                  
                  
                  
                  Common methods to break the chain of infection
                     at any given link are shown in Exhibit 2-8.

                  
                  
                  
                  
                     Exhibit 2-8: Breaking the Chain[image: Chain of infection with six links: Causative Agent, Reservoir, Portal of exit, Transmission mode, Portal of entry, and Susceptible host. Each includes icons and prevention tips. Go to long description for more details.]
                  
                     Go to long description.
                     

                  
                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section B: Surveillance
            Design

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to do the following to design a surveillance system:
               

            
            
            
            
               
               
               	
                  
                  
                  Conduct a risk assessment based on the
                     following: geographic location, demographics of the population served, care,
                     treatment, services provided, organizational priorities, analysis of
                     infection prevention data, evidence-based guidelines or recommendations, and
                     regulatory or other requirements as applicable.

                  
                  

               
               
               
               	
                  
                  
                  Develop goals and objectives based on the
                     risk assessment.

                  
                  

               
               
               
               	
                  
                  
                  Develop a surveillance plan based on
                     the goals identified from the risk assessment.

                  
                  

               
               
               
               	
                  
                  
                  Adopt or establish standardized
                     surveillance definitions.

                  
                  

               
               
               
               	
                  
                  
                  Create a process to identify
                     epidemiologically significant findings and notify relevant parties (e.g.,
                     nursing unit, health department, leadership).

                  
                  

               
               
               
               	
                  
                  
                  Integrate surveillance activities
                     across healthcare settings (e.g., ambulatory, home health, long-term care,
                     acute care, behavioral).

                  
                  

               
               
               
               	
                  
                  
                  Establish process for identifying
                     individuals with communicable diseases requiring transmission-based
                     precautions and/or follow-up (e.g., reporting to health department).

                  
                  

               
               

            
            
            
            This section addresses the need for
               surveillance and its principles and goals as well as surveillance plans and
               methodologies.

            
            

         
         
         
         
   
      
         
         
         
         Surveillance Importance and Principles

         
         
         
         
            
            
            
            Surveillance is traditionally defined as “the systematic and ongoing
               monitoring of healthcare-associated infections that occur within healthcare
               facilities.” However, it is important to note
                  that surveillance may also take place outside of healthcare
               facilities (such as public health departments), and may monitor issues beyond
               healthcare-associated infections (such as a given population, their risk factors,
               etc.). To observe steps or activities in the delivery of care and services or
               process measures, surveillance activities should cover patients, healthcare professionals
               (including contractors working in the facility), and visitors.

            
            
            
            Surveillance is an important aspect of an IP’s
               responsibilities. In many jurisdictions it is a regulatory requirement that a
               surveillance system is established and maintained, based on state and/or national
               standards of practice, the healthcare facility’s risk assessment, and the services
               the facility provides. 
               

            
            
            
            All surveillance programs should be based on sound
               epidemiological and statistical principles. Only with properly collected and
               analyzed data and information can the IP and their team hope to help improve the
               outcomes and quality of care at their facilities. It is for this reason that IPs
               should be familiar with the concepts of epidemiology, as
                  covered elsewhere.

            
            
            
            Surveillance is an iterative, ongoing
               responsibility of the infection prevention and control (IPC) program. After each
               round of surveillance and activities is done, the process begins again and is
               improved using feedback from the prior iterations. There may be new risks to be
               addressed or ones that are now well managed and are less of a priority.

            
            
            
            Consistency is important in surveillance. Using
               standardized definitions allows for comparability in internal and external
               benchmarking—for example, by ensuring that changes implemented previously have
               achieved or are leading to desired outcomes. By using standardized definitions,
               surveillance can benefit the wider medical community and improve public health,
               especially during a pandemic or epidemic. To ensure that the collection of
               information and the application of criteria are standardized, IPs are responsible
               for providing education about these practices to the personnel who perform
               surveillance activities.

            
            
            
            The data and information collected during
               surveillance are used to describe the incidence, trends, risk factors, and etiology
               of healthcare-associated infections (HAIs). They identify high-risk patient
               populations and can be used to identify outbreaks early. Surveillance programs can
               also be used to assess the impact of previous interventions and to improve patient
               outcomes and reduce adverse events through appropriate and targeted action
               plans.

            
            
            
            Surveillance is a critical
               component in the reduction of HAIs and is facilitated using infection control
               information system networks with standardized methods for collecting and reporting
               HAIs (e.g., in the U.S., the CDC administers the National Healthcare Safety Network
               [NHSN]).

            
            
            
            
               Key Point

               
                  
                  
                  Surveillance plays a critical role in
                     identifying outbreaks, pandemics, emerging infectious diseases,
                     multidrug-resistant organisms, and bioterrorist events so that infection
                     prevention measures can be instituted to contain the spread; it also helps in
                     establishing a baseline (endemic level).

                  
                  

            
            
            
            New surveillance methodologies have been developed
               to meet the changing needs of the healthcare environment. As healthcare practices
               have evolved and advanced,
               new diseases have emerged, antimicrobial resistance has increased, and the number
               of
               potential bioterrorism threats has risen, methods of surveillance have had to
               advance, develop, and evolve.

            
            

         
         
         
         
   
      
         
         
         
         Interdisciplinary Teams
            and Communication in Surveillance

         
         
         
         
            
            
            
            The first step of a successful and
               effective surveillance program is for the IP to assemble an interdisciplinary team.
               The team members should be drawn from throughout the facility’s departments:
               administration, patient care services, medical staff, nursing, pharmacy, laboratory
               services, quality assurance and performance improvement (QAPI), and information/data
               management services. The broad range of expertise offered by interdisciplinary teams
               ensures that the IP and their team can respond quickly to institute IPC measures
               when necessary. By building a team that transcends departmental boundaries, the IP
               can draw from a deeper well of experience and expertise than would otherwise be
               possible, thereby improving the chances that the risk assessment and surveillance
               program will address the correct events and issues.

            
            
            
            Surveillance programs in healthcare organizations
               should be integrated to include infection prevention and control, performance
               improvement, patient safety, emergency preparedness, and public health
               activities.

            
            
            
            Effective surveillance requires IPs to be skilled
               communicators and collaborators able to work with internal and external
               stakeholders. Surveillance and risk assessment are inextricably linked, as each
               informs the other. The surveillance team looks to the risk assessment to identify
               infections, processes, and events that pose the greatest risk to patients, staff,
               and visitors; the team then designs its surveillance program accordingly. Risk
               assessments are addressed elsewhere.

            
            
            
            IPs should share surveillance findings with
               frontline staff, facility leadership, and all other stakeholders involved in
               infection prevention, risk assessment, and QAPI. This ensures that there is a broad
               surveillance net, with informed individuals throughout the facility aware of any
               risks that might arise. Indeed, frontline staff are often among the first to
               identify clusters and outbreaks or unusual infections and diagnoses. Ensuring that
               information about surveillance goals and objectives is shared with others therefore
               enhances the IP’s surveillance efforts.

            
            
            
            
               Key Point

               
                  
                  
                  IPC surveillance is a collaborative exercise:
                     An IP does not, and should not, work alone. It is essential that they assemble
                     an interdisciplinary team with a broad range of relevant skills and
                     expertise.

                  
                  

            
            
            
            Given the potential scope of a
               surveillance program, surveillance activities can require dedicated resources,
               depending on the method chosen to conduct it. The IP should make sure that members
               of the interdisciplinary team who will be participating in surveillance activities
               have the time and resources needed to conduct their regular work activities in
               addition to their surveillance responsibilities and any necessary control measures
               that may arise. By effectively collaborating with members of the interdisciplinary
               team, the IP can draw on a wide range of expertise and skill sets to meet each of
               these steps in a timely manner.

            
            

         
         
         
         
   
      
         
         
         
         Surveillance Uses

         
         
         
         
            
            
            
            For decades, surveillance data have been used
               successfully in a variety of healthcare settings to reduce infections (community and
               healthcare-associated). By understanding the various ways surveillance can be used
               at a given healthcare facility, an IP is better able to create a plan and a program
               that can improve outcomes and reduce risks to the facility’s population.

            
            
            
            The purpose of surveillance is to portray the
               ongoing patterns of infection occurrence and potential future spread to allow IPs
               to
               effectively apply appropriate investigation, control, and prevention measures.
               Successful and effective surveillance is a cycle. Public and healthcare providers
               collect information related to infections, illnesses, and other relevant conditions.
               Depending on the data, this information is reported to local, regional, state, and
               federal health departments. Data that is not shared externally is analyzed and
               combined with feedback from health departments. The information is then shared with
               relevant stakeholders, such as healthcare providers, who can act upon the data and
               any accompanying recommendations.

            
            
            
            The purposes of surveillance can be roughly
               separated into four categories: infection-related, facility-related,
               regulatory/guidance, and public health—as shown in Exhibit 2-9.

            
            
            
            
            
               Exhibit 2-9: Surveillance Uses
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Category

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Uses

                                 
                                 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Infection-Related

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Determine baseline/endemic
                                          rates of occurrence of an infection-related
                                          disease/event.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Detect and investigate
                                          clusters/outbreaks.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Detect and report notifiable
                                          diseases to health department.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Detect emerging infectious
                                          diseases and bioterrorist events.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Identify epidemiologically
                                          significant organisms/diseases
                                          (multiple-drug-resistant organisms [MDROs],
                                          tuberculosis).

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Assess effectiveness of
                                          prevention and control measures.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Monitor potential risk factors
                                          based on occurrence of adverse outcomes.

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Facility-Related

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Provide and gather information
                                          for HCP education.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Monitor personnel injuries and
                                          risk factors.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Provide and gather
                                          data/information for facility risk assessment.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Collect and share
                                          information/data on quality assurance and process
                                          improvement (QAPI) activities.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Observe and promote compliance
                                          with:

                                       
                                       
                                       
                                       
                                          
                                          	
                                             
                                             
                                             Standard and
                                                transmission-based precautions.

                                             
                                             

                                          
                                          
                                          	
                                             
                                             
                                             Facility-specific practices,
                                                such as hospital central line insertions or
                                                sterilizer performance monitoring.

                                             
                                             

                                          

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Regulatory/Guidance

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Ensure compliance with
                                          recommendations/regulations (national, regional,
                                          large insurance payor requirements).

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Ensure compliance with
                                          reporting requirements.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Meet requirements of
                                          accrediting agencies.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Ensure that national public
                                          health guidance is followed.

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Public Health

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Enable prevention and control
                                          of community- and healthcare- associated
                                          infections.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Provide for contact
                                          tracing.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Guide public health policy and
                                          programs.

                                       
                                       

                                    

                                 
                                 
                              

                           
                        

                     

                  
                  

               
            
            
            
            
            By identifying risk factors, implementing
               reduction and control measures, and monitoring the effectiveness of interventions,
               multiple healthcare settings have been able to use surveillance data to reduce the
               occurrence of infections.

            
            
            
            Public health surveillance
               traditionally focused on communicable diseases. However, new surveillance systems
               have been developed to also track injuries, chronic diseases, genetic and birth
               defects, occupational and potentially environment-related diseases, and health
               behaviors.

            
            
            
            Note that surveillance may be
               categorized as active or passive. Active
                  surveillance involves proactively seeking out information about specific
               diseases or health events. This method requires proactive efforts by health
               authorities, professionals, or researchers to collect data by contacting healthcare
               providers, laboratories, or other sources. It often involves regular and systematic
               data collection and reporting. Active surveillance supports timely and rapid data
               collection and reporting. Active surveillance is resource-intensive. 

            
            
            
            Passive
                  surveillance relies on the routine reporting of cases without specific
               efforts to actively gather information. It involves the submission of information
               from healthcare providers, laboratories, or other reporting entities based on
               established reporting systems. Although passive surveillance may be less
               resource-intensive, due to its passive nature, there is a potential for delayed data
               and reporting.

            
            

         
         
         
         
   
      
         
         
         
         Identifying Goals and
            Objectives

         
         
         
         
            
            
            
            The goals and objectives of a surveillance program are
               identified through a risk assessment. In order to prevent the spread of infectious
               agents and organisms, the IP must understand the risk factors that facilitate
               transmission in healthcare settings. 

            
            
            
            As addressed elsewhere,
                  risk assessment types include community-wide,
               facility all-hazards, and IPC-specific. While the purpose of a risk assessment is
               to
               identify trends and interventions that will help prevent and control infections, it
               is the surveillance program’s purpose to provide actionable information. In other
               words, the goal of risk assessments is to identify what needs to be done in the
               future to prevent or decrease the risk of infection and other adverse effects. The
               surveillance plan should include details specific to the facility and the findings
               of its risk assessment.

            
            
            
            A full understanding of the potential risks allows an IP
               to design a surveillance plan that captures information necessary for detecting
               outbreaks and to translate these findings into control measures for mitigating the
               transmission of infectious diseases. An understanding of core epidemiological
               concepts and principles gives the IP the ability to present both reactive and
               proactive recommendations.
               

            
            
            
            
               Key Point

               
                  
                  
                  The primary goal for all surveillance programs
                     is to prevent and control HAIs and improve patient outcomes. Surveillance goals
                     and objectives are based on the findings in the facility’s risk assessments.

                  
                  
                  

            
            

         
         
         
         
   
      
         
         
         
         Process for
            Creating a Surveillance Plan

         
         
         
         
            
            
            
            The surveillance plan and
                  its objectives must be integrated into the facility’s IPC program as a whole.
                  The findings from any surveillance program will, in turn, inform future
                  investigations and activities by the QAPI and risk assessment teams. For
                  example, the IP should collaborate with the QAPI team to ensure that the
                  surveillance program generates the information needed to implement meaningful
                  performance improvements.
               

            
            
            
            
               Key Point

               
                  
                  
                  An important prerequisite
                     to developing a facility- and population-appropriate
                     surveillance plan is for the IP to review the facility’s
                     risk assessments for the specific risks that have been
                     identified as priorities. This will direct surveillance
                     purpose, events to monitor, data to collect, etc.

                  
                  

            
            
            
            A surveillance plan is the set of protocols and guidelines that will
               direct surveillance activities. When designing a new surveillance plan or
               updating an existing one, an IP should follow a standardized framework to ensure
               that their plan fulfills the needs of their facility’s infection prevention
               program. This framework includes the following key steps:

            
            
            
            
               
               
               	
                  
                  
                  Select a methodology and purpose.

                  
                  

               
               
               
               	
                  
                  
                  Assess and define the population—patients,
                     HCP, and/or visitors. 

                  
                  

               
               
               
               	
                  
                  
                  Select events to monitor.

                  
                  

               
               
               
               	
                  
                  
                  Determine the time period. (The
                     observation period needs to be long enough to accumulate enough events for
                     the measurement to be valid.)

                  
                  

               
               
               
               	
                  
                  
                  Identify surveillance criteria (case
                     definitions).

                  
                  

               
               
               
               	
                  
                  
                  Identify data to be collected.

                  
                  

               
               
               
               	
                  
                  
                  Determine methods of data
                     analysis.

                  
                  

               
               
               
               	
                  
                  
                  Determine methods of data collection
                     and management.

                  
                  

               
               
               
               	
                  
                  
                  Design an interpretive report.

                  
                  

               
               
               
               	
                  
                  
                  Identify the recipients of the
                     report.

                  
                  

               
               
               
               	
                  
                  
                  Develop a written surveillance
                     plan.

                  
                  

               
               
               
               	
                  
                  
                  Evaluate the surveillance plan.

                  

               
               

            
            
            
            Each of these steps is discussed and
               referenced throughout this module, although not necessarily in order.

            
            

         
         
         
         
         
            
            
            Selecting Surveillance Events to Monitor

            
            
            
            
               
               
               
               Many different events might be monitored in a healthcare
                  facility setting. As a result, the selection of events to monitor is a consequential
                  step in designing a surveillance program. It is crucial that an IP identify those
                  events that are relevant to their facility. For example, an IP working at an
                  ambulatory surgery center will consider different risks to their patient population
                  than an IP working in long-term care.

               
               
               
               The IP must be able to design a surveillance plan
                  and program specifically tailored to the facility in which they are working—one that
                  sets priorities based on the results of the facility’s IPC risk assessment and the
                  infection risk factors of the population and is compliant with all mandatory
                  reporting requirements or voluntarily adopted guidance. Doing so will ensure that
                  the events subject to surveillance reflect organizational goals and objectives, the
                  needs and demographics of the population (types of patients served and HCP), acuity
                  of care, patient care processes, and services provided. Other important factors the
                  IP should consider include availability of resources (personnel, financial, and
                  technological), availability of the data required, and how to integrate and leverage
                  existing performance improvement initiatives.

               
               
               
               It is common to monitor high-volume, high-risk
                  events in a specific population. IPs should monitor events that have the potential
                  to provide information that can be used to improve outcomes and infection prevention
                  practices. Examples of events that an IP might select for
                     monitoring include but are not limited to those shown in Exhibit 2-10.

               
               
               
               Exhibit 2-10: Potential Surveillance Events in Various Healthcare Settings
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Category

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Examples

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    Outcome Events

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          HAIs with subsets for
                                             bloodstream, urinary tract, pneumonia, surgical
                                             site, conjunctivitis, upper respiratory tract, or
                                             local IV site infections

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Colonization/infection by
                                             specific organisms (e.g., MDROs, C. difficile)

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Phlebitis related to
                                             peripheral intravascular therapy

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Pyrogenic reaction (produced
                                             by or producing fever or heat) or puss, redness,
                                             or swelling at dialysis vascular access site

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Sharps injuries and HCP
                                             exposures

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Tuberculosis test rates

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Influenza HCP and patient
                                             immunization rates

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Hepatitis B and C HCP
                                             immunization rates

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Process Events

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Compliance with standard
                                             precautions

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Compliance with
                                             transmissions-based precautions

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Central line insertion,
                                             maintenance, and removal

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Urinary catheter insertion,
                                             maintenance, and removal

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Safe injection and
                                             medication-handling practices

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Hand hygiene

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Instrument processing

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Sterilization quality
                                             assurance testing

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Personal protective equipment
                                             (PPE) use

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Cleaning and disinfection
                                             monitoring

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Communicable disease
                                             reporting

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Antimicrobial prescribing and
                                             administration

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Wound care practices

                                          
                                          

                                       

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Other Events

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       	
                                          
                                          
                                          Reportable diseases and
                                             conditions

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Communicable diseases among
                                             HCP

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Outbreaks

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Pandemics

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Bioterrorism attacks

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          Results of quality assurance
                                             testing

                                          
                                          

                                       
                                       
                                       	
                                          
                                          
                                          MDRO-infected admissions

                                          
                                          

                                       

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  

               
               
               
               Surveillance of outcome events involves tracking, analyzing, and reporting results
                  of
                  infection prevention and control programs and policies—for example, the number of
                  sharps injuries or UTIs reported in a facility. These measures, called outcome measures, indicate the performance
                  (or nonperformance) of specific steps in a process that lead—either positively or
                  negatively—to a particular observed outcome. Process
                     measures evaluate the facility’s procedures, policies, and practices—for
                  example, compliance with safe injection practices and correct urinary catheter
                  insertion and maintenance procedures—to determine if they have been implemented as
                  intended.

               
               
               
               There are many elements to consider when
                  determining whether to surveil outcome or process events, for example:

               
               
               
               
                  
                  
                  	
                     
                     
                     The relative frequency of the
                        event.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The cost or impact of the negative
                        outcome, such as treatment costs, length of stay, functional status, quality
                        of life, mortality, severity measures, and litigation and/or public
                        relations risks.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Customer needs (e.g., priorities set by
                        the healthcare team).

                     
                     

                  
                  
                  
                  	
                     
                     
                     The community served (e.g., health
                        needs of the patient population).

                     
                     

                  
                  
                  
                  	
                     
                     
                     The organizational mission and
                        strategic goals.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Microbiology data and/or antimicrobial
                        use.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Regulatory or accrediting body
                        requirements.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         The Surveillance Plan

         
         
         
         
            
            
            
            After identifying the events to be monitored, the IP creates the
               written surveillance plan with input from members of their interdisciplinary team.
               The plan is then incorporated into the healthcare facility’s overall IPC program.
               (Some organizations might also use it as a guidance document.) With the plan
               documented in writing, the IP can keep stakeholders informed of activities, goals,
               and objectives; a written plan also helps communicate the decision-making rationale
               of the IP and their team and serves as a one-stop location for all information
               pertaining to surveillance activities (methodologies, data collection, case
               definitions, etc.).

            
            
            
            Different facilities may use their own internal
               terminology and have a preferred format (digital, print, etc.), but common
               components of a surveillance plan include the following.

            
            
            
            
               
               
               	
                  
                  
                  Facility information. Basic information about the
                     healthcare facility setting, including the services provided and populations
                     served. It is useful to include information about the IP (e.g., contact
                     details).

                  
                  

               
               
               
               	
                  
                  
                  Purpose, goals, and objectives.
                     Identified based on the facility and IPC risk assessments.

                  
                  

               
               
               
               	
                  
                  
                  Risk assessment results. Identified based
                     on the facility and IPC risk assessments.

                  
                  

               
               
               
               	
                  
                  
                  Events monitored and criteria used.
                     Information about the events/infections that will be monitored and the
                     criteria used to select them.

                  
                  

               
               
               
               	
                  
                  
                  Reason behind event selection. A brief
                     explanation of and justification for the event selection.

                  
                  

               
               
               
               	
                  
                  
                  Methodology. A description of the
                     methodology that the surveillance program is going to follow, including data
                     collection methods.

                  
                  

               
               
               
               	
                  
                  
                  Strategies. A description and explanation
                     of the strategies to be used in order to meet the defined goals and
                     objectives.

                  
                  

               
               
               
               	
                  
                  
                  Applicable mandatory reporting requirements
                        (local, regional, national). Details and information on all local,
                     regional, and national reporting requirements that are applicable to the
                     events that will be monitored. It is useful to include contact details for
                     recipients.

                  
                  

               
               
               
               	
                  
                  
                  Reports and recipients. All stakeholders
                     (individuals and departments) and which reports each will receive and when.
                     Every surveillance program will generate multiple reports over its duration,
                     from regular updates for key stakeholders to a final report at the end of
                     the planned time frame. These reports, which will vary in length, depth, and
                     frequency, will need to be disseminated to the relevant stakeholders.
                     Reports should also be shared with the facility’s public information
                     committee.

                  
                  

               
               

            
            
            
            The surveillance plan should be thought of as a
               living document: It will be updated throughout the surveillance process, on a
               periodic basis and whenever a significant change is made—for example, to the case
               definition or the risk assessment. The IP should see that appropriate sections are
               updated as changes happen or new information arises.

            
            
            
            An example of a simple surveillance plan, to
               address a rise in the number of catheter-associated urinary tract infections
               (CAUTIs) identified in a hospital’s orthopedic department, can be seen in Exhibit 2-11.

            
            
            
            
               Exhibit 2-11: Surveillance IPC Plan[image: Table showing an IPC strategy to reduce CAUTIs in an orthopedic unit. It lists risks, goals, strategies, responsibilities, timelines, measurements, and completion status. Go to long description for more details.]
            
               Go to long description.
               

            
            
            
            
            Note that in addition to surveillance plans for
               acute care hospitals, information on surveillance programs has been published for
               a
               variety of non-hospital healthcare settings: long-term care (LTC), ambulatory
               surgery, outpatient hemodialysis, physician’s offices and clinics, and home
               care.

            
            

         
         
         
         
         
            
            
            Surveillance Plan Evaluation

            
            
            
            
               
               
               
               The surveillance plan should be periodically evaluated so
                  that it continues to include the information needed to meet the healthcare
                  facility’s goals and objectives. At a minimum, the IP and their team should review
                  the surveillance plan on a routine annual basis. However, it is likely that the plan
                  will need to be revisited more frequently due to emerging and novel pathogenic
                  threats.

               
               
               
               Due to the close relationship between a healthcare
                  facility’s risk assessment and its surveillance plan and activities, it is essential
                  that the surveillance plan be reviewed whenever the IPC risk assessment is
                  updated.

               
               
               
               Surveillance activities should be generating
                  useful information and data, which, when acted on, should improve performance and
                  outcomes. The program’s structure and activities should be compared with current
                  evidence-based practices and published recommendations and guidelines for
                  surveillance programs in similar settings. Staying informed about any changes to
                  national, regional, or local requirements is essential for the IP, and any changes
                  in regulations should result in a review of the surveillance plan to ensure that it
                  remains in compliance.

               
               
               
               When assessing the surveillance program, the IP
                  and their team should ask the following questions:

               
               
               
               
                  
                  
                  	
                     
                     
                     Does the plan incorporate all the elements
                        of an effective surveillance program?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Are data collected and collated by
                        knowledgeable and qualified personnel?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Is the program being used to monitor and
                        improve outcomes and processes?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Are the quality and accuracy of
                        surveillance data periodically evaluated and validated?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Is the surveillance methodology
                        periodically evaluated and validated?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Are appropriate statistical methods used
                        when comparing data internally over time?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Are appropriate statistical methods used
                        when comparing data with external benchmarks?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Have information technology and personnel
                        resources been identified?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Is information technology being used to
                        collect, store, manage, and analyze data as much as possible?

                     
                     

                  
                  

               
               
               
               Identifying gaps in available resources is an
                  important aspect of the surveillance plan/program evaluation process. Without the
                  appropriate resources, a surveillance program can struggle to be effective and
                  efficient. Once the IP has identified a gap in the available resources, they should
                  assess why this gap exists and investigate potential remedies. For example, if there
                  is not enough qualified staff available to participate in the surveillance team,
                  then it may be necessary to arrange educational offerings for other interested HCP.
                  Such a solution benefits not only the surveillance efforts, by increasing the number
                  of qualified contributors, but also provides personal development opportunities for
                  HCP.

               
               
               
               A surveillance plan should be evaluated on its
                  ability to achieve goals and objectives. Specifically, it should be evaluated to
                  identify whether or not the program has demonstrated that it can:

               
               
               
               
                  
                  
                  	
                     
                     
                     Detect infections, injuries, and other
                        events in a timely manner.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify trends signaling changes in the
                        occurrence of an event.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Detect epidemiologically significant
                        organisms and diseases, outbreaks, and clusters of infection.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify risk factors associated with
                        infection or other adverse events.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Provide an estimate of the magnitude of
                        the event being monitored.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Assess the effectiveness of prevention and
                        control efforts.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Lead to improved practices by healthcare
                        providers and other HCP.

                     
                     

                  
                  

               
               
               
               The important thing to remember during an
                  evaluation—whether of the surveillance plan or any other aspect of IPC—is to focus
                  on actionable items that lead to improved outcomes.

               
               

            
            

         
         
   
      
         
         
         
         Surveillance Action
            Plans

         
         
         
         
            
            
            
            As data are collected, compiled, and organized, IPs must turn
               their attention to transforming their findings and recommendations into action. This
               is a continuous, ongoing process. Action
                  plans detail the steps necessary for reaching the goals and addressing
               the issues identified during surveillance.

            
            
            
            By examining and analyzing their surveillance
               findings, IPs can identify control and prevention measures that may improve patient outcomes or prevent
               the transmission of pathogens. This process of change and improvement is cyclical
               in IPC. As
               one round of changes or improvements ends, another begins.

            
            
            
            For example, during a routine
                  surveillance program, an IP might discover that the rate of hand hygiene
               compliance has dropped from 80% to 50% of observed hand hygiene opportunities. By
               analyzing the data, the IP may be able to identify when, where, and even why this
               is
               happening. Perhaps they discover that it is typically happening in departments where
               sanitizer dispensers are less common or are placed in suboptimal locations for quick
               and frequent use. Such a finding would lead the IP to design an action plan that
               seeks to address the issue. The data would then be presented to stakeholders in
               order to share recommended evidence-based intervention strategies to increase the
               number of sanitizer dispensers and wash-stations as well as to improve educational
               offerings for HCP (in the form of a refresher course, improved signage, etc.).

            
            
            
            In another example, the IP might identify an
               increase in the noncompliance of HCP wearing gowns when working with patients in contact
               isolation precautions. The IP data might show that staff did not appropriately use
               gowns for patients in
               contact precautions 25 times during a total of 100 observations. The surveillance
               program should be able to discover the cause of this lower compliance. Is a new type
               of gown being supplied to staff and they find it more difficult to don and doff? Is
               it PPE fatigue due to many patients in contact precautions? Is there a new group of nursing and
               medical residents who are not familiar with contact isolation precautions? Once the
               IP determines the cause of noncompliance with gowns, they should implement
               strategies for improving compliance and monitor for sustainment. This could include
               education for new HCP or working with the supply chain to provide gowns that are
               preferred by staff, perhaps even engaging staff in the selection of a new gown.

            
            
            
            Not all surveillance program action plans will
               drive “big” changes. Often, they can identify multiple small changes that might be
               made to improve patient and
               HCP outcomes, health, and welfare. The bigger the change needed, though, the more
               important it is for the IP to present a compelling and convincing case to leadership
               and other stakeholders so that they will approve what needs to be done by turning
               the IP’s recommendations into action.

            
            

         
         
         
         
   
      
         
         
         
         Section C: Surveillance Methodologies

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to do the following to design a surveillance system:
               

            
            
            
            
               
               
               	
                  
                  
                  Differentiate between the various surveillance methodologies.

                  
                  

               
               
               
               	
                  
                  
                  Choose the most appropriate methodology to use in a given situation.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Methodologies

         
         
         
         
            
            
            
            The selection of an appropriate methodology
               depends on the intended scope of a program. An IP can choose total/comprehensive or
               targeted/priority-directed methodologies or use some combination of both. The IP
               must consider whether the surveillance will be prospective, retrospective, or
               concurrent and whether it will focus on outcomes or processes.

            
            
            
            These methodologies and considerations are not
               mutually exclusive. An IP should identify the most appropriate approach in
               consideration of the timeliness of data collection. For example, a comprehensive
               methodology can use either a retrospective information-gathering or concurrent
               approach.

            
            
            
            It is imperative to identify the priorities and
               objectives of the facility prior to creating a surveillance plan. The IP must
               understand how this information will be shared and used within the facility. The
               chosen methodology will also depend on the complexity of the facility—size,
               location, population served, services provided, resources available, etc. For
               example, a healthcare facility located in a small, rural community with a stable
               population will likely have a different set of infection risks than a large,
               urban-based facility that provides rehabilitation services to a fluctuating
               population of patients.

            
            
            
            To address these concerns adequately, the IP must
               have a clear understanding of the data collection and use priorities and objectives
               of the facility. The collection of data without knowing what is needed is a waste
               of
               time, effort, and money. The IP cannot, therefore, collect data first and then
               afterward hope to figure out what’s necessary. Staff working on surveillance may
               become frustrated if they feel they are collecting unnecessary or unused information
               and data; this may in turn reduce the efficacy of their work. Determining data to collect, collection frequency, and methods of collection
                  are important surveillance design components that are addressed
                  elsewhere.

            
            
            
            The two traditional surveillance
               methodologies—total/comprehensive (sometimes called “whole house”) and
               targeted/priority-directed—are introduced in Exhibit 2-12. Additional surveillance methodologies that
                  focus on outcomes and processes are also examined in Exhibit 2-12.

            
            
            
            
               Exhibit 2-12: Advantages and Disadvantages of Surveillance Methodologies
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                                 Total/comprehensive

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Provides a big
                                          picture of healthcare facility infections

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       More likely to
                                          detect infectious disease events

                                       
                                       

                                    

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Time-consuming
                                          to implement

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Potentially
                                          overwhelming data collection

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Requires
                                          considerable resources to conduct properly

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Targeted/priority-
                                    directed

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Narrower focus
                                          based on specific requirements/risks

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       More
                                          practical; can be easier to conduct

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       More efficient
                                          use of resources

                                       
                                       

                                    

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Time-consuming
                                          to develop

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       May miss
                                          infections and outbreaks

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Does not
                                          provide a big picture of healthcare facility
                                          infections

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Outcome measure

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Looks at
                                          infections that may be considered a result of the
                                          facility’s process

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       When
                                          combined with process surveillance, can provide
                                          cause/effect analysis

                                       
                                       

                                    

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Can be more
                                          complex and difficult than process
                                          surveillance

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Longitudinal analysis frequently necessary

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Process measure

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Looks at
                                          facility-specific practices related to patient
                                          care

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       When
                                          combined with outcome surveillance, can provide
                                          cause/effect analysis

                                       
                                       

                                    

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Tendency to
                                          oversimplify cause/effect relationship

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Comparative/benchmarking data often unavailable
                                          to support conclusions

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Frequently
                                          limited to before/after studies

                                       
                                       

                                    

                                 
                                 
                              

                           
                        

                     

                  
                  

               
            
            
            
            We will now discuss the
               above methodologies in more detail, along with a couple others that may be used by
               public health departments: syndromic surveillance and wastewater surveillance.

            
            

         
         
         
         
         
            
            
            Total/Comprehensive

            
            
            
            
               
               
               
               Total
                     surveillance measures and tracks all infections at a facility, across its
                  entire population of patients and HCP.
                  In addition to tracking all HAIs, specific subsets need to be tracked separately
                     because crude overall rates are not sensitive enough to identify potential
                     problems. This approach is also known as “comprehensive” or “whole-house”
                  surveillance. It provides the big picture to IPs and other personnel at a healthcare
                  facility and is effective at detecting infectious disease events, largely because
                  it
                  assigns resources to finding any and all of them.

               
               
               
               Total surveillance can be
                  a time-consuming and costly approach. Not only does it track more events but it also
                  generates more information and data, all of which need to be collected, compiled,
                  analyzed, and disseminated. Depending on the situation in the facility, this can be
                  overwhelming for the IPC team. All of this means that many facilities are unable to
                  use this methodology, especially larger and more complex healthcare facilities and
                  those without stable populations (i.e., facilities that have a sizeable short-term
                  patient population).

               
               

            
            

         
         
         
         
            
            
            Targeted/Priority-Directed

            
            
            
            
               
               
               
               It is becoming more and more common for surveillance programs to be focused on
                  a narrow selection of infections and pathogens. This approach is known as
                  priority-directed or targeted
                     surveillance. By
                  referencing the risk assessment, applicable regulations, and keeping in mind quality
                  assurance and improvement goals, this approach focuses on high-risk, high-volume
                  procedures and potentially preventable infections and events.

               
               
               
               A targeted surveillance program might focus on one
                  or more of the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Units within the healthcare facility (e.g., ICU, nursery, rehabilitation, memory
                           care)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infections related to medical devices, such
                        as intravascular and urinary catheters or endoscopes

                     
                     

                  
                  
                  
                  	
                     
                     
                     Epidemiologically significant organisms or
                        illnesses (e.g., methicillin-resistant Staphylococcus aureus [MRSA],
                        carbapenem-resistant Enterobacterales [CRE], other MDROs, and Clostridioides
                           difficile)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sharps injuries and staff exposure to
                        blood/body fluids

                     
                     

                  
                  

               
               
               
               A targeted surveillance
                  program can offer considerable benefits for a facility and its patients, especially because particular
                  risks can be more easily identified as needing attention. Targeted surveillance is
                  ostensibly easier and more practical because it is not attempting to monitor every
                  risk. This approach requires the IP and their team to understand completely the risk
                  assessment and what it outlines. It can reduce infection rates through efficient use
                  of resources.

               
               
               
               This methodology can be used for certain
                  infections, but a periodic review of information for sentinel
                     (patient-safety
                     related events that result in death, permanent harm, or severe temporary
                     harm) or emerging pathogens of significance should be made to ensure that
                  communicable diseases on the reportable disease list are incorporated into the
                  surveillance plan.

               
               

            
            

         
         
         
         
            
            
            Combination

            
            
            
            
               
               
               
               Combined surveillance can help address
                  some of the disadvantages inherent in the total and targeted methodologies. This is
                  done by targeting specific infections that occur within the population of the
                  facility for dedicated surveillance. For example, laboratory reports can be monitored
                  housewide to
                  detect MDROs (e.g., MRSA and vancomycin-resistant Enterococci [VRE]), reportable diseases,
                  organisms of epidemiological importance, and clusters that may indicate an outbreak
                  or breakdown of infection prevention practices (e.g., several cases of diarrhea
                  associated with C. difficile on a
                  medical care unit). At the same time, the IP and their team should continue to
                  monitor wider HAI rates and laboratory reports from across the facility.

               
               
               
               By combining targeted surveillance goals
                  with surveillance of process measures throughout the facility, an IP and their team
                  can monitor facility-specific priority risks while still maintaining a sense of the
                  bigger picture.

               
               
               
               
                  Key Point

                  
                     
                     
                     It is important to select an appropriate
                        surveillance and data collection methodology. When choosing a methodology, IPs
                        should consider their facility’s needs and requirements, available resources,
                        and identified goals and objectives.

                     
                     

               
               

            
            

         
         
         
         
            
            
            Syndromic Surveillance

            
            
            
            
               
               
               
               Syndromic surveillance is the collection and analysis of nontraditional
                  data, such as rates of influenza-like illness or number of emergency department
                  patients, for early detection of an infectious disease disaster.

               
               
               
               Syndromic surveillance relies on rapid
                  reporting of certain symptoms that might indicate the emergence of a significant
                  health event in a community—for example, a potentially virulent respiratory disease
                  (like COVID-19) or a bioterrorism event (like anthrax).

               
               
               
               Symptoms such as respiratory distress, vomiting,
                  and fever are tracked, and increases are reported to public health departments even
                  before a diagnosis is confirmed. Health departments are able to analyze the data
                  from health providers, identify widespread outbreaks or clusters, and share this
                  information with other providers. Traditionally, syndromic surveillance was based
                  on
                  reports from emergency and urgent care settings; however, advances in health
                  information technology have allowed for broader surveillance efforts.

               
               
               
               The concept of syndromic surveillance has evolved
                  over time to encompass more than just syndrome-related data. Syndromic surveillance
                  now includes any leading indicator that might signal an increase in illness in the
                  community, including the use of epidemiological trends and proxy measures. Here are
                  some examples. (Each would be analyzed for a specific time period such as per day,
                  week, month, or other time period to show trends.)

               
               
               
               
                  
                  
                  	
                     
                     
                     Number of patients seen in an emergency
                        department

                     
                     

                  
                  
                  
                  	
                     
                     
                     Number of patients presenting to the
                        emergency department with flu-like illness as their chief symptom

                     
                     

                  
                  
                  
                  	
                     
                     
                     Number of patients admitted to a
                        hospital

                     
                     

                  
                  
                  
                  	
                     
                     
                     Number of EMS or ambulance runs

                     
                     

                  
                  
                  
                  	
                     
                     
                     Number of purchases of over-the-counter
                        flu remedies

                     
                     

                  
                  
                  
                  	
                     
                     
                     Number of purchases of over-the-counter
                        diarrhea medications

                     
                     

                  
                  
                  
                  	
                     
                     
                     Frequency of symptoms or syndromes
                        entered into online symptom checkers

                     
                     

                  
                  
                  
                  	
                     
                     
                     Any other data from healthcare
                        facilities or agencies indicating changes in trends

                     
                     

                  
                  

               
               
               
               Syndromic surveillance has subtypes. One
                  example is animal syndromic surveillance, which is important because more than 60%
                  of human emerging infectious diseases are zoonotic. An infectious disease outbreak
                  among animals may be the precursor to human illness in a community. An example is
                  surveillance for West Nile virus, which includes testing samples from dead birds,
                  sentinel chickens, mosquito pools, horses, and humans.

               
               
               
               Syndromic surveillance indicators must be
                  evaluated in relation to facility and community illness baselines and current
                  trends. Any upward trend or sharp increase must be assessed as soon as possible to
                  determine if an infectious disease disaster has occurred. Syndromic surveillance
                  data collection and analysis must be a component of facility and community emergency
                  management. It should be a multi-agency endeavor, involving coordination and
                  communication between hospitals, healthcare agencies (long-term care, home health),
                  and public health. All healthcare agencies (including long-term care and home
                  health), should consider conducting syndromic surveillance, especially in emergency
                  departments, hospital clinics, and occupational health departments.

               
               
               
               Syndromic surveillance
                  programs should be coordinated with local public health agencies to provide
                  consistency in data collection and ensure adequate coverage across regions.
                  Internationally, a good option for syndromic surveillance is online symptom
                  checkers. These sites provide real-time data that has been found to be more
                  beneficial than healthcare provider telephone triage systems for monitoring
                  worldwide trends in illness.

               
               
               
               While syndromic surveillance has been shown to
                  provide early-warning benefits and to enhance collaboration between care providers,
                  it is important for all IPs and other HCP to understand that it is not a substitute for direct
                  physician reporting of unusual health events and symptoms.

               
               

            
            

         
         
         
         
            
            
            Wastewater Surveillance

            
            
            
            
               
               
               
               Surveillance of wastewater, or wastewater-based epidemiology,
                  can be an efficient method for detecting community-level disease outbreaks and other
                  risks to public health. According to the U.S. Government Accountability Office
                  (GAO), wastewater surveillance can provide public health officials with valuable
                  information and data to use in monitoring and identifying emerging threats from
                  pathogens (e.g., SARS-CoV-2, antibiotic-resistant bacteria, influenza) and dangerous
                  or unusual levels of certain chemicals (e.g., pesticides, household cleaners,
                  prescription and illicit drugs).

               
               
               
               Tracking COVID-19 outbreaks has been a recent
                  example of the use of wastewater surveillance. In the United States, the CDC
                  launched their National Wastewater Surveillance System (NWSS), developed to
                  track the presence of SARS-CoV-2 (the virus that causes COVID-19) in wastewater
                  samples collected from across the country. In Canada, the province of Ontario
                  has been using wastewater surveillance to predict outbreaks in the province and
                  adjust strategies and resource allocation accordingly.

               
               
               
               Wastewater surveillance provides public health
                  officials and healthcare providers data that can be used as an early-warning
                  system, which in turn allows them to provide faster responses to emerging
                  threats and risks. While there are some challenges still to large-scale
                  coordination, the U.S. GAO has outlined what benefits wastewater surveillance
                  can provide at different levels and scales within society, as shown in Exhibit 2-13.

               
               
               
               
                  Exhibit 2-13: Wastewater Surveillance Scales
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                                    Small

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Acute and/or long-term
                                       care facility

                                    
                                    
                                    
                                    Aircraft

                                    
                                    
                                    
                                    Cruise ship

                                    
                                    
                                    
                                    College dormitory

                                    
                                    
                                    
                                    Office building

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Identify early,
                                       isolated outbreaks.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Medium

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Villages

                                    
                                    
                                    
                                    University

                                    
                                    
                                    
                                    Military
                                       installations

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Inform resource
                                       allocation to hot spots that are identified.

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Large

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cities

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Conduct large-scale
                                       surveillance and monitoring.

                                    
                                    
                                 

                              
                           

                        

                     
                     
                     
                     
                        Source: Adapted from U.S.
                           General Accountability Office (GAO), “Science & Tech Spotlight:
                           Wastewater Surveillance,” April 12, 2022.
                        

                     
                     

                  
               
               

            
            

         
         
   
      
         
         
         
         Process Measure Surveillance

         
         
         
         
            
            
            
            Many of the surveillance
               activities discussed so far have been outcome-related—for example, device-associated
               or organism-specific infections or sharps injuries. However, it is just as important
               to have a system in place to monitor the facility’s processes: that is, how
               healthcare practices are actually conducted and whether or not staff and others are
               adhering to guidelines and regulations. Risks posed by noncompliance can increase
               the risk of infection transmission. It is, therefore, essential that they be covered
               by any surveillance program. A big part of any surveillance program will involve
               assessing how well current processes work, with the goal of identifying gaps in
               compliance and ways to improve.

            
            
            
            Surveillance of process
               measures is an assessment to determine whether activities and care provided are in
               line with established standards: what HCP (and sometimes patients) actually do. Process surveillance collects
               data using audit principles.

            
            
            
            To conduct surveillance of process measures,
               typically the IP and their team will have to engage in observations of processes in
               real time (though they can also be chart based, such as examining the frequency that
               dressings or devices were exchanged). While it might be possible to glean useful
               data and information from prior reports and checklists as well as chart review (for
               appropriate indications for testing or pre-operative antibiotics), the most
               effective approach to process surveillance is to observe staff as they go about
               their routine tasks.

            
            
            
            Here are some examples of process surveillance in
               a healthcare facility:

            
            
            
            
               
               
               	
                  
                  
                  Antibiotics. How are they requested,
                     ordered, and administered?

                  
                  

               
               
               
               	
                  
                  
                  PPE. How and when is it used? Is it used
                     correctly and appropriately?

                  
                  

               
               
               
               	
                  
                  
                  Hand hygiene. How and when are HCP
                     washing their hands? Are they using the appropriate cleaning agents?

                  
                  

               
               
               
               	
                  
                  
                  Vascular access devices. Are the devices
                     inserted, maintained, or removed when not indicated?

                  
                  

               
               
               
               	
                  
                  
                  Respiratory equipment. How is it cleaned,
                     disinfected, and stored?

                  
                  

               
               
               
               	
                  
                  
                  Blood glucose equipment. Is it cleaned,
                     disinfected, and stored properly?

                  
                  

               
               
               
               	
                  
                  
                  Urinary catheter care. Are catheters
                     inserted when appropriate and not overused?

                  
                  

               
               
               
               	
                  
                  
                  Surgical site infections (SSIs). Are SSIs
                     tracked not only during hospitalization but for the proper period after
                     hospitalization ends (due to the trend of shorter days of inpatient
                     care)?

                  
                  

               
               
               
               	
                  
                  
                  Injection safety. Are injections
                     administered according to guidelines? Are appropriate precautions taken by
                     HCP?

                  
                  

               
               
               
               	
                  
                  
                  Injection supplies. Do supplies comply
                     with regulations? Are they stored and handled carefully and safely?

                  
                  

               
               
               
               	
                  
                  
                  Medication. Are medicines being stored
                     safely, per manufacturers’ instructions (e.g., refrigerated at correct
                     temperatures)?

                  
                  

               
               
               
               	
                  
                  
                  Food preparation and storage. Are food
                     items stored and prepared properly? Are there appropriate steps in place
                     should food items be identified as contaminated (internally or through
                     manufacturer recalls)? Are HCP keeping track of expiration dates?

                  
                  

               
               
               
               	
                  
                  
                  Laundry. Are soiled linens collected,
                     stored, and transported according to established standards of practice? Are
                     linens returned to the facility appropriately laundered?

                  
                  

               
               
               
               	
                  
                  
                  Room cleaning. Are rooms cleaned properly
                     and routinely? Are recently vacated rooms cleaned and disinfected
                     appropriately?

                  
                  

               
               
               
               	
                  
                  
                  Construction. Are correct precautions
                     taken during maintenance and construction activities so as not to intrude on
                     the welfare and care of the healthcare facility’s patients?

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Process Measure Surveillance Checklists

            
            
            
            
               
               
               
               When conducting process surveillance and evaluation,
                  the use of checklists to validate practices is essential. For example,
                  checklists are used by environmental services (EVS) supervisors to monitor the
                  EVS technicians’ cleaning and disinfection practices. The completed checklist
                  indicates whether EVS technician practices are adequate or just-in-time training
                  is needed. The IP (or designated IPC program team member) will use the same
                  checklist to observe those processes in real time, thereby allowing the IP to
                  validate the accuracy of results from EVS self-monitoring.

               
               
               
               There are many different styles of process
                  surveillance checklists and a wide variety of elements that can be incorporated
                  into them, but they all seek to answer the same questions: Are HCP complying
                  with accepted standards, policies, and practices when going about their work? If
                  not, what can be done to address this gap? Checklists can be created easily
                  using spreadsheet software, but some examples are available from the CDC and
                  other organizations—for example, the CDC’s Quick Observation Tools (QUOTs).

               
               
               
               An
                  example of a hand hygiene process evaluation checklist is shown in Exhibit 2-14.

               
               
               
               Exhibit 2-14: Example of a Hand Hygiene Process Checklist
                  
                  [image: A checklist for evaluating hand hygiene practices across multiple locations. It includes elements such as sink accessibility, sanitizer availability, signage, and education, with columns to mark observations and areas for improvement. Go to long description for more details.]
                  
                  
                  
                     Source: Adapted from CDC Quick Observation Tools
                        (QUOTs).
                     

                  
                  
                  
                  
                     Go to long description.
                     

                  
                  

               
               
               
               An example of a PPE use
                  process evaluation checklist is shown in Exhibit 2-15.

               
               
               
               
                  Exhibit 2-15: Example of a PPE Use Process Checklist[image: A table evaluates PPE use observations across multiple locations. It includes elements to be assessed, checkboxes for different locations, and a column for notes or areas for improvement. Go to long description for more details.]
               
                  Source: Adapted from CDC Quick
                     Observation Tools (QUOTs).
                  

               
                  Go to long description.
                  

               
               
               

            
            

         
         
         
         
            
            
            Process Measure Interventions

            
            
            
            
               
               
               
               Depending on what is discovered during process
                  surveillance, IPs can put in place certain control measures/interventions to
                  mitigate or avoid negative outcomes.

               
               
               
               Direct observation/surveillance of practices is
                  often the most effective approach for assessing whether or not staff are complying
                  with correct process procedures and practices. By instituting direct surveillance
                  of
                  practices, the IP and their team can identify control measures to address gaps in
                  performance or compliance.

               
               
               
               It is important that surveillance activities are
                  scheduled for different times on different days so that the IP can acquire a
                  complete picture of compliance and practice. It is not uncommon, for example, for
                  compliance to wane over the course of a shift, as staff members become tired.
                  Similarly, busy periods might affect compliance if staff believe they do not have
                  the time to properly comply with guidelines. Finally, if staff are aware that
                  surveillance of a specific process will be conducted at the same time on the same
                  days, their behavior can change, resulting in data that does not accurately capture
                  actual process compliance.

               
               
               
               For many processes, ensuring that staff members
                  are appropriately educated is itself an important intervention. This is true for
                  issues relating to equipment and PPE use, administration of medication, and
                  cleaning, disinfection, and sterilization processes. Maintaining an adequate stock
                  of equipment, medications, food, and other supplies—as well as ensuring that they
                  are readily accessible—can help encourage compliance.

               
               
               
               Other potential interventions include the following.

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Supply management.
                           
                        Ensuring that
                           PPE supplies are adequate and accessible in each unit or department
                           should be a priority intervention. If the problem is a result of
                           insufficient supplies of PPE, then the IP should discuss the issue with
                           key stakeholders and might ultimately propose changes to the purchasing
                           and ordering processes. If access is the issue, then the IP might
                           propose changes to the storage of equipment and supplies or other
                           practices that will ensure that staff have the necessary supplies as
                           close to the point of use as possible.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Medication management.
                           
                        Work with the
                           pharmacy, medical director, staff nurses, and prescribers to create
                           guidelines for safe storage of medications, and ensure that
                           antimicrobial stewardship strategies and recommendations are
                           followed.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Food storage and preparation.
                           
                        Partner with
                           dining services to ensure that they have the correct, functioning
                           equipment needed to store food at optimal temperatures and that their
                           cooking and other preparation equipment is up to code.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Urinary catheter care.
                           
                        If there’s an
                           increase in catheter-associated urinary tract infections, observe the
                           insertion and maintenance of urinary catheters. Work with HCP if
                           procedural gaps are identified.
                        

                     
                     

                  
                  

               
               
               
               When process and outcome
                  surveillances are combined, the IP can use the data collected for cause-and-effect
                  analysis, which is useful for performance improvement.

               
               
               
               
                  Key Point

                  
                     
                     
                     Surveillance examines both outcomes and
                        processes. Understanding how processes are conducted can generate valuable
                        information and recommendations to help reduce or stop the transmission of
                        infections.

                     
                     

               
               

            
            

         
         
   
      
         
         
         
         IT
            Surveillance Solutions

         
         
         
         
            
            
            
            Healthcare surveillance has become much
               easier with the increased use of integrated electronic health records (EHRs) and
               electronic medical records (EMRs) in healthcare facilities (and in healthcare more
               widely). Medical records and information are now more readily available and can be
               shared more quickly with practitioners and IPs, often providing real-time
               information to inform decisions.

            
            
            
            A number of companies produce surveillance
               software that can help streamline surveillance activities, such as checklists,
               surveys, quality measures, data visualization/dashboards, and more. Software
               packages also have the ability to set alerts for lab results or antibiotics and
               other medication orders. Some software tools that collect process measure
               information—for example, hand hygiene and PPE use practices—can be obtained at no
               cost.

            
            
            
            Electronic surveillance methods offer facilities a
               number of benefits, for example, an efficient data collection methodology for
               obtaining the information necessary to conduct surveillance as well as many other
               data factors that the IP and their team can use to design their surveillance
               programs and control measures/interventions. Electronic tools also increase the
               likelihood of detecting infectious disease events. Electronic records can be updated
               easily, can contain more information than a printed checklist might accommodate, and
               can be expanded if necessary. The use of software also reduces the burden of storing
               paper records at the facility, thereby freeing up resources to be directed
               elsewhere.

            
            
            
            There are some caveats to the use of
               electronic surveillance tools. They can be expensive, which for some healthcare
               facilities might make them cost-prohibitive. (Resources might be better directed at
               other prevention and improvement activities.) They also function best with more
               information. Therefore, any new electronic tool should be evaluated carefully to
               ensure that it operates using an appropriate data set (for example, data from a
               public health entity) and provides a sufficient ROI. There is also a greater burden
               placed on the facility’s IT department, which will not only have to educate staff
               on
               how to use the software but also maintain a properly linked network between all
               relevant departments so that information is correctly shared and usable. The IT
               department must also ensure that the surveillance data is secure and conforms with
               privacy protection requirements (e.g., Health Insurance Portability and
               Accountability Act [HIPAA] in the U.S.). This is especially true if the facility is
               engaged in total/comprehensive surveillance.

            
            
            
            As with other surveillance methods, electronic
               surveillance will be effective only if its use, and the metrics it generates, are
               tied to the specific priorities of the facility and if the information it generates
               can be used to inform the desired improvements.

            
            
            
            It is important to note that electronic
               surveillance does not replace the
               need for an IP but rather has the potential to enhance the infection prevention and
               control program.

            
            

         
         
         
         
   
      
         
         
         
         Section D: Data Collection and Management

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Adopt or establish standardized
                     surveillance definitions.

                  
                  

               
               

            
            
            
            Surveillance programs are implemented by
               using the chosen methodology and surveillance system goals to start gathering the
               chosen data elements. The process needs to use standardized surveillance criteria
               (case definitions) so that the results can be compared. The IP needs to know the
               types of data that can be collected and where to find relevant information.
               Technological tools can help.

            
            

         
         
         
         
   
      
         
         
         
         Data Collection
            Methodologies

         
         
         
         
            
            
            
            Healthcare today is a data-driven industry, and
               surveillance programs generate a lot of data. The data collected can help identify
               outbreaks, halt the spread of infectious diseases, and drive improvement. IPs must
               familiarize themselves with the sources of available data and the different kinds
               of
               information that each provides. By selecting appropriate data sources, IPs can
               ensure that the information collected is relevant to their investigation and that
               resources are being used as efficiently as possible. Before an IP can begin
               collecting data, they need to understand what information is being collected, why
               it
               is being collected, and how it will be used to make improvements.

            
            
            
            There are two primary data collection methodologies,
               concurrent and retrospective. Both can be adopted by a surveillance team whether
               they are engaging in comprehensive or targeted surveillance, or using components
               from a combination of those.

            
            
            
            Concurrent data collection involves the collecting
               and referencing of data in real time, while the patient is still under care at the facility. Real-time data
               provides the IP with the big picture of what is happening at the healthcare facility
               as it happens. IPs will likely have access to the HCP who are involved in the patients’ care as well as
               access to the patients
               themselves (in case observation is needed). This information allows IPs to get a
               jump on emerging outbreaks quickly. If there is clear evidence that a certain
               infection is becoming more common among patients, the IP would flag it for further investigation and
               can immediately recommend additional or strengthened control measures.

            
            
            
            Concurrent data collection can pose certain
               challenges to the IP. Because the data are coming in from all units across the
               facility, there can be a large quantity of it, all of which needs to be collected,
               compiled, and analyzed. This can take time and may feel overwhelming to the IP and
               other team members involved in data analysis. It could be difficult for them to
               identify certain issues in a timely manner if evidence of it is obscured by having
               too much data to sort through. Additionally, this approach to data collection
               requires reliable and continuous access to information and resources. Any disruption
               to the flow of information could hamper the IP’s ability to conduct surveillance and
               identify clusters, outbreaks, or other adverse events. IPs who take this approach
               to
               data collection have to accept that they will be working with incomplete data, which
               can result in certain causal factors being missed.

            
            
            
            Retrospective data collection involves the
               collating of data that have already been collected or stored elsewhere, with a focus
               on examining what has already happened. Retrospective surveillance benefits from
               access to more complete information, for example, completed medical reports and
               records. This is because it is a closed record review after patient discharge. Using
               completed records means that the surveillance team can begin their analysis right
               away. Unlike with concurrent data collection, they are not waiting for more
               information to come in. However, retrospective approaches can still suffer from
               incomplete medical records or other missing data. Because it is after the fact, the
               IP may not have access to the patients and practitioners who might have been able to
               fill in these gaps. This, too, can result in certain factors being missed or
               excluded from analysis.

            
            
            
            Transfers between healthcare facilities can pose challenges to
               surveillance data collection. To avoid losing track of a patient who has been
               transferred out, or to ensure that information is as complete as possible for a
               patient newly transferred in, the IP should review information listed on the
               transfer form and collect IP or other key stakeholder contact information from the
               most common transfer facilities in the event additional information is needed.

            
            
            
            While concurrent collection can miss historical
               factors, retrospective collection can miss pertinent and important contemporary
               information about an emerging trend. This depends on how long it takes for newly
               acquired information to appear in the records and sources used for retrospective
               data collection.

            
            
            
            For the purposes of tracking infections, it is
               best for surveillance to be prospective or concurrent (i.e., collected in real time)
               rather than retrospective (i.e., collected after the fact). However, in reality,
               most healthcare surveillance data collection will comprise a mixture of the
               concurrent and retrospective methodologies. It is important to recognize the value
               of historical data in identifying trends and patterns.

            
            
            
            Exhibit 2-16 shows the advantages and disadvantages of the
               concurrent and retrospective methodologies.

            
            
            
            
               Exhibit 2-16: Advantages and Disadvantages of Data Collection Methodologies
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                                 Concurrent

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Monitors all HAIs
                                          across a healthcare facility.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Real-time
                                          information and data.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Can extrapolate
                                          future trends.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Quicker
                                          interventions.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       First-hand
                                          experience/data.

                                       
                                       

                                    

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Disruptions to
                                          information flow can have huge impact.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Medical records
                                          aren’t complete.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Can miss
                                          historical factors.

                                       
                                       

                                    

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Retrospective

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Completed medical
                                          records.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Collection and
                                          analysis can begin right away.

                                       
                                       

                                    

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Dependent on
                                          quality and completeness of records.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       Can be slow to
                                          incorporate newer information/data.

                                       
                                       

                                    
                                    
                                    	
                                       
                                       
                                       No opportunity to
                                          intervene.

                                       
                                       

                                    

                                 
                                 
                              

                           
                        

                     

                  
                  

               
            
            
            
            Given the strengths and weaknesses of concurrent
               and retrospective data collection, IPs will likely use both methods over the course
               of an investigation. A hybrid approach often proves to be the most effective data
               collection philosophy. Concurrent findings often lead to additional retrospective
               investigations as a way to identify historical examples that might make the case for
               an emerging or ongoing outbreak.

            
            
            
            The IP should be mindful of the IPC resources
               available when deciding on surveillance and data collection methodologies. If
               resources are limited, a targeted approach focused on key infections or other
               adverse events identified by the risk assessment is appropriate.

            
            

         
         
         
         
   
      
         
         
         
         Identifying Surveillance
            Criteria (Case Definitions)

         
         
         
         
            
            
            
            Being able to define an outbreak or notable
               infection event is one of the most important aspects of surveillance and outbreak
               investigations. Surveillance
                  criteria, also called
               case definitions, identify specific conditions that qualify as infections for the
               purpose of surveillance data collection; they are also used in the calculation and
               reporting of infection rates.

            
            
            
            Surveillance definitions must be applied
               consistently in order to accurately record how an outbreak is progressing. This
               allows the IP to make useful comparisons between the data currently being collected
               and the facility’s historical data. By using standardized criteria, the IP is also
               able to compare data collected in other healthcare
               settings as a means of benchmarking and tracking the progress and trajectory of an
               event.

            
            
            
            
               Key Point

               
                  
                  
                  Surveillance data must be collected using
                     standardized criteria. This facilitates the accurate identification of trends
                     and the comparison of data from multiple surveillance programs, and it supports
                     benchmarking.

                  
                  

            
            
            
            Changing the case definition during surveillance
               or while in the midst of an outbreak can affect results and make comparison of
               current and historical data more difficult. Therefore, if the case definition is
               changed, it should be noted in the surveillance report. This is because a change to
               the definition/criteria may change the infection rate, since the number of
               identified cases is also likely to change.

            
            
            
            The criteria chosen should reflect generally
               accepted definitions of the disease or event being monitored. Criteria have been
               published for defining HAIs in a variety of settings, and IPs are encouraged to
               refer to these when identifying the case definitions for their own
               investigations.

            
            
            
            For HAI cases, it is vital to apply
               surveillance criteria precisely. This is because surveillance definitions like those
               used in a public health reporting network are developed for epidemiologic
               surveillance and not for clinical diagnosis. For instance, a patient may fit the
               surveillance criteria for a central line-associated bloodstream infection (CLABSI)
               but may not be clinically diagnosed as having a catheter-related infection, or a
               patient may be clinically diagnosed with pneumonia but may not meet the surveillance
               definition.

            
            
            
            The IP and their team should have the selected
               criteria available whenever they are performing surveillance activities. Some of
               these criteria may be included in their line listings.

            
            
            
            Examples of standardized
               definitions in healthcare facilities include the following:

            
            
            
            
               
               
               	
                  
                  
                  The CDC’s NHSN criteria provide a guide
                     for decision making based on certain conditions being met or signs and
                     symptoms being present. The NHSN (National Healthcare Safety Network) is a
                     reporting body, and so the NHSN criteria also include relevant reporting
                     requirements for participating facilities.

                  
                  

               
               
               
               	
                  
                  
                  Surveillance definitions for
                     long-term care (LTC) facilities in certain jurisdictions may use the McGeer
                     criteria (Stone et al., 2012). These are standardized definitions that
                     address clinically relevant infections found in LTC settings. They also take
                     into consideration the limited IPC resources available to most LTC
                     facilities, including limited radiology and laboratory data, blunted immune
                     responses in elderly patients, and brief patient notes.

                  
                  

               
               
               
               	
                  
                  
                  Loeb criteria were developed to guide
                     antimicrobial treatment and prescribing decisions for specific patients.
                     They rely on a person-centered method to promote proper treatment as well as
                     antimicrobial stewardship.

                  
                  

               
               

            
            
            
            Note that these criteria
               are not universally used or applicable. IPs will need to select the criteria that
               are commonly accepted for their healthcare facility type and nation/region.

            
            
            
            As described by the World Health Organization, there are a few key distinctions
               between surveillance case definitions and clinical definitions. Key differentiations
               include:

            
            
            
            
               
               
               	
                  
                  
                  Clinical definitions focus on guiding patient care instead of informing
                     surveillance and public health activities.

                  
                  

               
               
               
               	
                  
                  
                  Clinical definitions apply subjective criteria in addition to objective
                     criteria, instead of just applying objective criteria.

                  
                  

               
               
               
               	
                  
                  
                  Clinical definitions focus on the individual level, not the population
                     level.

                  
                  

               
               
               
               	
                  
                  
                  Clinical definitions focus on accurately describing the patient’s condition,
                     instead of consistently describing shared conditions across a
                     population.

                  
                  

               
               
               
               	
                  
                  
                  Clinical definitions focus on the current clinical presentation of the
                     patient and do not include temporal considerations.

                  
                  

               
               

            
            
            
            Note that it may be important to be able to describe the differences between these
               to
               facility leadership and healthcare providers. Proper documentation of these may
               affect the facility’s reimbursements for services rendered and activities
               undertaken.

            
            

         
         
         
         
   
      
         
         
         
         Data Elements and
            Sources

         
         
         
         

         
         
         
         
         
            
            
            Identifying Data Elements and
               Methods for Data Analysis

            
            
            
            
               
               
               
               The data elements that should be collected depend on the
                  event being monitored and the statistical measures used to analyze the data. To
                  use time and personnel resources efficiently, data collection should be limited
                  to only those elements that are needed to identify a case and determine whether
                  the case criteria are met for the condition or event being studied.

               
               
               
               Data collection is an integral part of any surveillance
                  program and requires a large daily time investment by an IP. Therefore, IPs should
                  draw on their interdisciplinary team for collection support. Frontline staff can
                  facilitate the timely collection of a broad range of relevant data.

               
               
               
               For an infectious event, the following
                  types of data may need to be collected.

               
               
               
               
                  
                  
                  	
                     
                     
                     Case name; sex; age; unique
                        identifier such as medical record or account number; unit or location in
                        the facility; physician name and service; date of admission; date of
                        onset of infection; type of infection; date of discharge, transfer, or
                        death

                     
                     

                  
                  
                  
                  	
                     
                     
                     Clinical and laboratory:
                        Information needed to determine whether the case definition is met, results
                        of laboratory and diagnostic tests specified in the case definition and
                        dates performed; sites and dates cultured and organisms isolated; antibiotic
                        susceptibility of significant isolates; clinical signs and symptoms specific
                        for the infection being monitored

                     
                     

                  
                  
                  
                  	
                     
                     
                     Risk factors for the infection
                        being monitored: host factors such as underlying conditions and
                        diseases; surgical procedures and date performed; surgeon; use of
                        intravascular catheters, including date of insertion, duration of use
                        (vascular catheter days), catheter type and body site; use of a urinary
                        catheter, including date of insertion and duration of use (urinary
                        catheter days); mechanical ventilation and dates and duration of use
                        (ventilator days)

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Data Requirements Related to Selected Data Analysis Methods

               
               
               
               
                  
                  
                  
                  Before data collection is initiated, the statistical
                     measures that will be used to analyze the data must be determined so the requisite
                     data can be collected. If rates or ratios will be calculated, the values
                     corresponding to each numerator and denominator must be defined, and the appropriate
                     data needed to calculate each rate or ratio must be collected. 

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Whenever possible, data
                           should be expressed as rates or ratios that are calculated using the same
                           methodology. Nationally-validated surveillance platforms may enable standardized
                           rates or ratios, which allow for benchmarking to other organizations using the
                           same definitions. This allows an organization to compare its rates with those of
                           another organization or a recognized benchmark.

                        
                        

                  
                  
                  
                  In some cases, the data collected will be
                     converted into a compliance rate. For example, if there are ten total steps required
                     to complete daily room cleanings and eight of those steps are observed to be
                     followed, then the compliance rate would be 80% (number of observed steps divided
                     by
                     the number of required steps, 8/10 = 0.8 = 80%).

                  
                  

               
               

            
            

         
         
         
         
            
            
            Surveillance
                  Data,
                  Sources, and Collection

            
            
            
            
               
               
               
               Surveillance data can be broken down into demographic, event, process, and time
                  categories, each of which can contain a mixture of qualitative and quantitative
                  data.

               
               
               
               Demographic
                     data is socio-economic in nature. For the purposes of healthcare
                  surveillance, this includes information related to the population make-up of the
                  healthcare facility:

               
               
               
               
                  
                  
                  	
                     
                     
                     Are they a patient or HCP?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What is their age, sex, and ethnicity?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Where are they located—unit, wing, room
                        (at the time of infection as well as their bed history prior to
                        infection)?

                     
                     

                  
                  

               
               
               
               Demographic data is critical when considering health equity and helps promote quality
                  initiatives to address equity disparities. For example, when race, geography,
                  income, and other factors have a relationship with infection rates (or vaccination
                  rates) that vary across a community (as happened during the COVID-19 pandemic),
                  responses can be tailored to address the most significantly impacted or at risk
                  community more specifically.

               
               
               
               Knowing patient location (whether in the facility or more broadly by
                  city or region) can help identify where infections and outbreaks occur, where
                  certain procedures take place, and where patients reside.  The patient’s profession might also
                  be useful when investigating outbreaks by informing the IP’s understanding of where
                  and how an infection or disease is being transmitted. Similarly, knowing departmental data about
                  HCP infections could reveal information related to location-specific issues.

               
               
               
               The IP will
                  also collect information based on event
                     data, specifically high-volume,
                  high-risk events in the healthcare facility. These can include:

               
               
               
               
                  
                  
                  	
                     
                     
                     HAIs (e.g., bloodstream, urinary tract,
                        pneumonia, surgical site, conjunctivitis, upper respiratory tract, skin and
                        soft tissue, or local intravenous site). There are four major categories for
                        HAI surveillance:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Central-line associated
                              bloodstream infections (CLABSIs)

                           
                           

                        
                        
                        	
                           
                           
                           Catheter-associated urinary
                              tract infections (CAUTIs)

                           
                           

                        
                        
                        	
                           
                           
                           Surgical site infections
                              (SSIs)

                           
                           

                        
                        
                        	
                           
                           
                           Ventilator-associated events
                              (VAEs)/healthcare-associated pneumonia (HCAP)

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Colonization or infection by a specific
                        organism (e.g., C.
                           difficile, MRSA, or other MDROs).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sharps injuries, communicable diseases, or
                        body fluid exposures in HCP.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Tuberculin skin test/TB blood test
                        conversion rates in HCP.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Influenza immunization rates in HCP and
                        patients.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Pneumococcal immunization rates in
                        patients.

                     
                     

                  
                  
                  
                  	
                     
                     
                     COVID immunization rates in patients and
                        HCP.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hepatitis B immunization rates in HCP.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Levels of illness/infection among HCP.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Potential outbreak/pandemic/bioterrorism
                        organisms.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Quality assurance test results (e.g.,
                        sterilizers and disinfectants are working as expected, negative airflow in
                        isolation rooms is functioning properly).

                     
                     

                  
                  

               
               
               
               Each area of surveillance
                  will have specific surveillance requirements. For example, for SSIs, surveillance
                  depends on the type of surgical procedure. Procedures involving implants typically
                  have a 90-day surveillance period, while others have a 30-day period. Superficial
                  infections are determined within the first 30 days from the date of a surgical
                  procedure, while deep (involving muscle and fascia) and organ space (below the
                  fascia) SSIs may take up to 90 days to be clinically discernible. Due to the trend
                  of shorter inpatient care, some of this surveillance may need to occur in an
                  outpatient setting. (Types of SSIs are covered in greater
                     detail elsewhere.)

               
               
               
               Information
                  related to the policies and procedures followed in the facility is known as process data. These can
                  include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Standard precautions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Isolation/transmission-based
                        precautions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Central line insertion, maintenance, and
                        removal.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Urinary catheter insertion, care, and
                        removal.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Safe injection- and medication-handling
                        practices.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Antimicrobial prescribing and
                        administration.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Environmental cleaning and
                        disinfection.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Communicable disease reporting.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Installing and maintaining barriers during
                        construction and renovation projects.

                     
                     

                  
                  

               
               
               
               Finally, in
                  order to generate useful and actionable information, a surveillance program must be
                  bound by time data. Typically, the measure of
                  time should be in months, quarters, or years. By binding data by time, the IP can
                  better analyze changes over time as well as establish a manageable time frame for
                  investigation.

               
               
               
               Different facilities will have
                  different data and information requirements based on their specific objectives,
                  needs, and scope of service. An
                     ambulatory care facility will have different information needs than a
                  hospital, because each has a different set of risks that it is monitoring and
                  attempting to mitigate. Therefore, there are several factors that will inform the
                  data an IP might choose to collect during surveillance. Some of these factors
                  include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Populations being studied (including
                        patients and HCP).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Procedures performed and services
                        provided.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Acuity of care.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A risk assessment that identifies risk
                        factors for infection and other adverse events in the populations
                        studied.

                     
                     

                  
                  
                  
                  	
                     
                     
                      Regional, national, accrediting, and other relevant
                        agency requirements, including mandatory reporting requirements.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Available resources, both personnel and
                        non-personnel.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Availability of the data required.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Public health needs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Performance improvement initiatives.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Organizational objectives.

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Data Validity

               
               
               
               
                  
                  
                  It is important to ensure that the data collected during
                     surveillance and outbreak investigations are valid. Validity is the degree to which a measurement,
                     test, study, or other data collection method actually measures or detects what it
                     is
                     intended to measure.

                  
                  
                  
                  Specifically, the IP must ensure that the
                     numerator and denominator data (that is, the population or group being analyzed) are
                     correct. To validate the data is to be able to affirmatively answer the question
                     “Does this measurement actually measure what it claims to?” The IP should ensure
                     that all formulas used are correct, that calculations are checked for accuracy, and
                     that the data collected in their facility are complete, timely, accurate, and
                     consistent.

                  
                  
                  
                  Validation may be internal or external.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        
                           
                              Internal validation.
                              
                           Active
                              efforts by a reporting facility to assure completeness and accuracy of
                              data.
                           

                        
                        

                     
                     
                     
                     	
                        
                        
                        
                           
                              External validation.
                              
                           Survey and
                              audit process by external agency to assure quality of surveillance and
                              reporting.
                           

                        
                        

                     
                     

                  
                  
                  
                  For internal validation,
                     electronic denominators should be compared to manual counts for three months, and
                     counts should match within 5%.

                  
                  

               
               

            
            
            
            
               
               
               Surveillance Data Sources

               
               
               
               
                  
                  
                  
                  IPs have a wide variety of sources
                     from which to acquire relevant information for their surveillance
                     needs. These sources can be grouped into either patient-focused or
                     facility-/staff-focused data.

                  
                  
                  
                  Patient-focused sources include:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Medical and
                           pre-transfer hospital records (paper and
                           digital).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Daily laboratory
                           reports (e.g., microbiology, immunology, serology
                           results).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Daily admissions lists
                           (including diagnoses).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Monthly reports of patient-days and census data (separated by
                           unit or department).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Transmission-based
                           precaution reports (including number of patients in
                           isolation).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Daily reports related
                           to new orders (antibiotics or other medications) and
                           acute condition changes.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Device-day
                           reports.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Radiology department
                           test results.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Intake/nursing
                           assessments (generated upon admission to the
                           healthcare facility).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Interviews with
                           caregivers.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Incident reports.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Departmental procedure
                           and activity logs.

                        
                        

                     
                     

                  
                  
                  
                  Facility-/staff-focused sources
                     include:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Nursing care plan.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Sick leave or
                           paid-time-off logs.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Health records (e.g.,
                           employee vaccination rates).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Night supervisor
                           reports.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Pharmacy and
                           laboratory records (can be faxed or emailed if there
                           is no electronic access).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reports of injuries,
                           needlesticks, and communicable disease exposures or
                           infections.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Registered nurse
                           assessment coordinators and minimum data set (MDS)
                           coordinators.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Finance department
                           reports.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Risk management
                           reports.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reports and other
                           collaboration with IPs from transferring
                           facilities.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Observation of care
                           processes reports.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reports from past
                           performance improvement cycles.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Checklists.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Templates (including
                           line listings, symptoms, and treatments).

                        
                        

                     
                     

                  
                  
                  
                  The IP should carefully consider the
                     sources of available data to determine which are most important for
                     their surveillance programs. This ensures that relevant data are
                     collected and resources are not misused. 

                  
                  
                  
                  Given this wealth of sources, it is
                     important for the IP to remember that the data collection process
                     should involve multiple individuals so that they do not get
                     overwhelmed. This also ensures
                     that data are collected in a timely manner and resources are used
                     efficiently.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Surveillance
                           data should be collected on a routine, systematic,
                           and ongoing basis. The entire interdisciplinary
                           team should be involved in data collection.

                        
                        

                  
                  
                  
                  Surveillance often requires IPs to
                     collect information not only from multiple internal departments but
                     also from externally contracted services, such as pharmacies and
                     laboratories. Collecting laboratory and pharmacy information from
                     different companies in different locations can prove challenging and
                     time-consuming. To make this process easier, the IP should establish
                     a schedule for routine deliveries of laboratory results and
                     antimicrobial data, as this provides some predictability to the data
                     collection process, freeing up more time for analysis. Having
                     reports automatically generated and routinely delivered to the IP is
                     the preferred method.

                  
                  

               
               

            
            

         
         
         
         
            
            
            
               
                  The IP and IT
                  
               

            
            
            
            
               
               
               
               It is imperative that every IP know how to use the IT
                  systems at their disposal. Many surveillance tools (such as electronic medical
                  records, or EMRs) available to the IP can be used for data collection and analysis
                  as well as information sharing and dissemination. However, not all facilities will
                  have access to the latest systems for surveillance and data collection (such as new
                  software or mobile devices).

               
               
               
               If more sophisticated tools are not available, IPs
                  can rely on basic spreadsheet software for the compilation and analysis of collected
                  data. Spreadsheets can be used to create line lists, evaluation forms, and more;
                  they can also generate charts and graphs for easy visual presentation of data.
                  Spreadsheets should be stored on secure servers, and all appropriate members of the
                  interdisciplinary team should be granted access to them so they can update and input
                  data as required. The spreadsheet should include all relevant patient information,
                  including name, medical record number, room location, type of infection, symptoms,
                  culture results, radiology reports, and a determination of whether an infection is
                  healthcare-associated or community-acquired.

               
               
               
               It is strongly recommended that IPs use existing
                  electronic databases whenever possible (with due consideration of their
                  security/encryption). Should the need for a new database arise—for example, a new
                  improvement metric gains priority or a new regulation requires a specific data set
                  to be maintained and updated—then the IP should work on its creation with the
                  facility’s IT department.

               
               
               
               In terms of information sharing, IPs should, at a
                  minimum, subscribe to email lists that share IPC-related updates and discussion items.
                  These can include those from the authoritative guidance sources (e.g., the CDC),
                  regional health departments, or other professional organizations, such as the
                  Association for Professionals in Infection Control and Epidemiology (APIC). These
                  mailings inform subscribers about a variety of topics, including the occurrence of
                  disease outbreaks, pandemics, emerging infectious diseases, and MDROs; new and
                  proposed mandatory reporting requirements; and the release of evidence-based
                  practices for preventing infections. The mailings typically include links for
                  getting more information, including on IPC measures.

               
               
               
               The IP is also responsible for ensuring that
                  proper IT training is provided to all HCP who are asked to collect and analyze IP
                  data using electronic tools such as spreadsheets, databases, electronic records,
                  tablets or other portable devices, and any mobile applications used in the
                  facility.

               
               

            
            

         
         
   
      
         
         
         
         Section E: Statistics

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Create a process to identify
                     epidemiologically significant findings and notify relevant parties (e.g.,
                     nursing unit, health department, leadership).

                  
                  

               
               
               
               	
                  
                  
                  Periodically evaluate the ability of
                     the surveillance plan to obtain relevant data and modify as necessary.

                  
                  

               
               

            
            
            
            This section addresses selected concepts from the
               discipline of statistics, with an emphasis on how to understand and interpret
               surveillance data or published literature that includes statistical analysis.

            
            

         
         
         
         
   
      
         
         
         
         Need for Statistical Analysis

         
         
         
         
            
            
            
            Data must be organized and compiled into a
               format useful for analysis and decision making. In this way, data provide frontline
               personnel with the information about infection prevention trends necessary for
               improving IPC practices such as hand hygiene.

            
            
            
            Statistics involves
               collecting, organizing, and analyzing data and drawing conclusions about the
               meaning of the data. Statistics can loosely be defined as a tool:

            
            
            
            
               
               
               	
                  
                  
                  To aid in organizing and
                     summarizing data.

                  
                  

               
               
               
               	
                  
                  
                  To communicate findings clearly and
                     meaningfully to others.

                  
                  

               
               
               
               	
                  
                  
                  To make inferences about data. The
                     strength of the association between cause and effect is determined by
                     computing statistical tests.

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  Data are useful only
                     if they can be turned into comprehensible and actionable
                     information. IPs must become familiar with the various
                     methods for data analysis.

                  
                  

            
            
            
            The IP should share their findings with
               relevant stakeholders throughout the surveillance process—not only at the end of the
               surveillance program but also during its course. This may happen on request, at
               prearranged times and briefings, or when a change arises that necessitates an
               adjustment to the surveillance program. A considerable amount of data may be
               gathered, depending on the scope of the surveillance program and the size of the
               healthcare facility, and presenting the data to stakeholders in a raw form is an
               ineffective way to convey findings.

            
            
            
            In addition to analysis of surveillance
               data, IPs need to understand how much reliance to place on published research
               studies, and this requires understanding how to interpret statistical information
               provided by the authors.

            
            

         
         
         
         
         
            
            
            The IP’s Role in Analysis of Statistics

            
            
            
            
               
               
               
               If the healthcare facility is conducting surveillance or
                  considering initiating a new policy/procedure or modifying an existing one (related
                  to IPC) based on evidence-based literature, the IP has some research to do. Some of
                  the questions to be answered related to statistical analysis include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Are the findings statistically
                        significant?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Was the sample size large
                        enough to demonstrate a difference if there is one?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Are the groups being compared
                        truly similar?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Is this applicable to the
                        population at this facility?

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Association Versus Causation and
            Hill’s Criteria

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

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

                  
                  

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

                  
                  

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

                  
                  

               
               

            
            
            
            
               Key Point

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

                  
                  

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

            
            
            
            The currently used criteria for causality are known as
               Hill’s criteria. These criteria are equally applicable to infectious and
               noninfectious diseases. They use modern epidemiological methods to determine whether
               a factor is causal for a given disease, as shown in Exhibit 2-17, which includes an example of
                  applying Hill’s criteria to the association between Shigella sonnei and gastroenteritis.

            
            
            
            
               Exhibit 2-17: Hill’s Criteria for Causation
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Criterion

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Description

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Example: S. sonnei. vs.
                                    Gastroenteritis

                                 
                                 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Strength of
                                       association

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

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Demonstrated by disease occurrence among those
                                    exposed to the organism.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Consistency

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

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Demonstrated consistently in numerous independent
                                    studies, but development of disease may not occur 100% of the
                                    time.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Specificity

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

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 N/A

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Temporality

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

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Demonstrated because exposure to the organism
                                    precedes development of gastroenteritis and occurs within the
                                    correct incubation period.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Biological gradient

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

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Evident because larger doses of S. sonnei
                                    are more likely to result in disease.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Biologically plausible

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

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 S. sonnei is a
                                    biologically plausible cause of gastroenteritis, based on
                                    knowledge of its toxin production.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Coherence

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

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Disease caused by S.
                                       sonnei is coherent with other facts known about
                                    gastroenteritis.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Experimental knowledge

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

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Experiments have shown that S.
                                       sonnei causes gastroenteritis.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Analogy

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

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Experiments have shown that other species of Shigella cause, analogously, similar
                                    disease.

                                 
                                 
                              

                           
                        

                     

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

                  
                  

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

            
            
            
            
               Key Point

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

                  
                  

            
            

         
         
         
         
         
            
            
            Measures of Association

            
            
            
            
               
               
               
               Measures of association quantify the relationship between
                  exposure and disease among groups. Examples of such measures include the risk ratio
                  (or relative risk), the rate ratio, the odds ratio, and the proportionate mortality
                  ratio. We will examine two of these in more detail: relative risk and the odds
                  ratio.

               
               
               
               
                  
                  
                  	
                     
                     Relative risk (RR). The RR or risk ratio is
                        a measure of the strength of association used in prospective and
                        experimental studies. It is appropriate for cohort
                           studies. 

                     
                     
                     
                     RR is the probability of developing a disease if the risk
                        factor is present divided by the probability of developing the disease if
                        the risk factor is not present. The groups are typically differentiated by
                        demographic factors such as age or sex or whether they were exposed to a
                        suspected risk factor.

                     
                     
                     [image: An equation: Risk ratio equals Risk of disease (incidence proportion, attack rate) in group of primary interest divided by Risk of disease (incidence proportion, attack rate) in comparison group.]
                     
                     
                     
                     A risk ratio of 1.0 indicates
                        identical risk among the two groups. A risk ratio greater than 1.0 indicates
                        an increased risk for the group in the numerator, usually the exposed group.
                        A risk ratio less than 1.0 indicates a decreased risk for the exposed group;
                        perhaps exposure actually protects against disease occurrence.

                     

                  
                  
                  
                  	
                     
                     
                     Odds ratio (OR). OR is the probability
                        of having a particular risk factor (exposure) if a condition or disease is
                        present divided by the probability of having the risk factor if the disease
                        or condition is not present. It is not appropriate to use with chronic
                        diseases since it is a prevalence measure. The OR can be calculated using
                        either of the following equations, where (n) represents “number of.”

                     
                     
                     
                     [image: Two equations for calculating odds ratio. First: (exposed cases ÷ unexposed cases) ÷ (exposed non-cases ÷ unexposed non-cases). Second: (exposed cases × unexposed non-cases) ÷ (exposed non-cases × unexposed cases).]
                     
                     
                     
                     
                     An odds ratio of 1.0 indicates
                        identical odds of exposure among the two groups. An odds ratio greater than
                        1.0 indicates an increased odds of exposure in the numerator, usually the
                        case-patient group; the exposure may be a risk factor for the disease. An
                        odds ratio less than 1.0 indicates a decreased odds of exposure for the
                        case-patient group; exposure may be a protective factor against the
                        disease.

                     
                     
                     
                     Odds
                        ratios are most commonly used in case-control studies. However, they can be
                        used in cross-sectional and cohort study designs as well.

                     
                     

                  
                  

               
               
               
               
                  Key Point

                  
                     
                     
                     For
                        both RR and OR, as the value increases in distance from 1.0,
                        the likelihood that a relationship exists between the
                        factors being examined increases as well. For example, an
                        odds ratio of 8.6 indicates a higher likelihood of a
                        relationship between two factors than does an odds ratio of
                        2.3.

                     
                     

               
               

            
            

         
         
   
      
         
         
         
         Types of Statistics and
               Types of Data

         
         
         
         
            
            
            Next we will look at two major
               types of statistics and some types of data.

            
            

         
         
         
         
         
            
            
            
               Types of Statistics
               

            
            
            
            
               
               
               
               There are two types of statistics:
                  descriptive and inferential. Descriptive statistics provides numerical information
                  about variables. In simple terms, it uses numbers to describe the characteristics
                  of
                  a data set. Inferential statistics makes an assumption (an inference) about a
                  population based on a sample or calculates the strength of the association between
                  cause and effect.

               
               
               
               The CDC refers to the five Ws
                  of descriptive epidemiology, which are used to help identify, collect, and
                  organize relevant data:

               
               
               
               
                  
                  
                  	
                     
                     
                     What. Health issue/event of concern
                        or diagnosis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Who. Demographic data related to
                        population affected.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Where. Any place and/or geographic
                        location relevant to disease occurrence.

                     
                     

                  
                  
                  
                  	
                     
                     
                     When. Disease occurrence over time or
                        at specific times.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Why (how). Causes, risk factors,
                        modes of transmission.

                     
                     

                  
                  

               
               
               
               Statistical measurements
                  commonly used in surveillance programs or review of published studies include measures of central tendency (mean,
                     median, mode) and types of distributions; dispersion (range, deviation,
                     variance, and standard deviation); frequency (rates, ratios, and proportions);
                     and percentiles. 

               
               
               
               Often the most useful measurements are those of
                  frequency, commonly referred to simply as rates.

               
               

            
            

         
         
         
         
            
            
            Types of Data

            
            
            
            
               
               
               
               An IP
                  should be familiar with the different types of data they will have to collect and
                  understand.

               
               
               
               Quantitative data are numeric—that is, they are collected by
                  counting (people, behaviors, conditions, infections, etc.). They can be used to
                  make comparisons. Quantitative data can be further classified as discrete or
                  continuous:

               
               
               
               
                  
                  
                  	
                     
                     
                     Discrete data contain whole numbers and
                        represent a finite number of values—for example, the number of patients
                        admitted to a unit on a given day. Discrete data are counted.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Continuous data contain whole numbers, decimals, or percentages
                        that can be measured on a continuum or scale and can have numeric values
                        between minimum and maximum values (a continuum)—for example, patient age,
                        infection rates, or temperatures. Continuous data are measured rather than
                        counted—for example, the standardized infection ratio (SIR) versus the
                        infection rate over a two-year period.

                     
                     

                  
                  

               
               
               
               Qualitative data include all data that are non-numeric. They use
                  words to describe healthcare events. Examples of qualitative variables include
                  patient blood type (i.e., A, B, AB, O) and infection status (infected, not
                  infected).

               
               
               
               Categorical data are data that fit into
                  mutually exclusive groups—for example, sex, age group, and organism. It is easy
                  to make quantitative data categorical, such as transforming age in years into
                  age groups.

               
               

            
            

         
         
   
      
         
         
         
         Section F: Descriptive Statistics

         
         
         
         
            
            
            
               After completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Interpret key data using descriptive statistics principles.

                  
                  

               
               

            
            
            
            We will now discuss concepts related to descriptive statistics,
               which provides numerical information about variables.

            
            

         
         
         
         
   
      
         
         
         
         Levels of Measurement in Descriptive
            Statistics

         
         
         
         
            
            
            
            There are four levels of measurement in
               descriptive statistics, as shown in Exhibit 2-18.

            
            
            
            
               Exhibit 2-18: Levels of Measurement in Descriptive Statistics[image: Vertical arrow graphic showing levels of measurement from lowest to highest: Nominal, Ordinal, Interval, and Ratio. “Lowest” is labeled at the bottom, “Highest” at the top.]
            
            
            
            
            
               
               
               	
                  
                  
                  Ratio scale.
                     The highest level of measurement in descriptive statistics. This creates
                     interval scale observations that have an absolute, real zero point, which
                     allows for higher levels of statistical analysis. An example is the
                     percentage of patients discharged before noon. Zero patients is the absolute, real
                     zero point, so the number can be compared using ratio analysis. Observations
                     are called continuous variables.

                  
                  

               
               
               
               	
                  
                  
                  Interval scale. A measurement in descriptive statistics in which the exact
                     distance between any two ordinal scale observations is known and assumed to
                     be equal but attributes measured have no real, rational zero point. For
                     example, a thermometer reading is a specific amount greater or less than
                     another reading by the number of degrees, each of which is equal, but the
                     zero point was chosen arbitrarily. (Celsius and Fahrenheit zero points
                     differ.) Observations are called interval data or continuous variables.

                  
                  

               
               
               
               	
                  
                  
                  Ordinal scale. A measurement in descriptive statistics
                     that applies ranking to categorical data on a relative scale so that each
                     category is distinct and stands in some definite relationship to the other
                     categories but does not indicate how much greater each level is than
                     another. Examples include age, Likert scales (unsatisfied, satisfied, etc.)
                     and disease severity levels (no indication of how much worse per level).
                     Observations are called ordinal data.

                  
                  

               
               
               
               	
                  
                  
                  Nominal scale.
                     The crudest level of measurement in descriptive statistics. This creates
                     categorical data in which no inherent order is implied by the
                     classifications. The values cannot be measured mathematically (e.g., they
                     cannot be averaged), but frequency or percentage can be applied. Examples
                     include sex, race, and exposure category (yes/no), disease status
                     (ill/well), and vaccination status (yes/no). Observations are called nominal
                     data.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Stratification and
            Standardization in Descriptive Statistics

         
         
         
         
            
            
            
            Stratification is the process by which the population in a data set is
               separated into distinct categories, for example, sex, age, or location. The purpose
               of risk stratification includes:

            
            
            
            
               
               
               	
                  
                  
                  Allowing meaningful and accurate
                     comparisons to be made.

                  
                  

               
               
               
               	
                  
                  
                  Fostering understanding and acceptance
                     of the data by recipients.

                  
                  

               
               
               
               	
                  
                  
                  Facilitating the utility and validity
                     of interventions.

                  
                  

               
               

            
            
            
            
               Key Point

               
                  
                  
                  Without stratification,
                     internal comparisons of rates over time or external
                     comparisons are likely to be invalid or misleading. However,
                     if rates are stratified, subpopulation sizes must be large
                     enough to be statistically meaningful.

                  
                  

            
            
            
            A separate
               calculation and/or table of disease by exposure for each possible category is
               created. Simple examples include catheter-associated urinary tract infection (CAUTI)
               rates separated for male and female patients or sexually transmitted disease rates
               for patients under 39 years old and younger and patients 40 years old and older. For
               more complex cases, you may have data sets that are categorized based on a variety
               of variables, for example, females of a certain age or females from a specific
               location.

            
            
            
            Standardization is used in comparing the event rates of different
               groups, such as CAUTI rates for two facilities. The IP must account for issues that
               might confound (or interfere with) the comparison. For example, the different
               demographics of the patient populations of the two facilities or different
               procedures that are offered by the facilities might result in different risk factors
               and therefore the two patient groups would have different infection rates.

            
            
            
            This difference can be
               addressed by standardizing, or risk-adjusting, the infection rates. There are two
               methods of accomplishing this: direct and indirect. Both involve calculating an
               expected number of events to compare to the observed number of events. The
               difference between the two lies in which component is standardized. Direct
               standardization uses a standard population to which the observed event rates of each
               group are applied; indirect standardization uses standard event rates that are
               applied to each group’s population.

            
            
            
            One example of indirect
               standardization is the standardized infection ratio (SIR) provided by the CDC’s
               National Healthcare Safety Network (NHSN).

            
            

         
         
         
         
   
      
         
         
         
         Measures of Frequency

         
         
         
         
            
            
            
            Rates, ratios,
               and proportions are among the most useful measurements for IPs working
               in healthcare facilities:

            
            
            
            
               
               
               	
                  
                  
                  A ratio is a comparison of any
                     two quantitative values.

                  
                  

               
               
               
               	
                  
                  
                  A proportion is a specific kind
                     of ratio that compares a part to the whole.

                  
                  

               
               
               
               	
                  
                  
                  A rate is a
                     specific kind of ratio that includes a unit of time and provides information
                     about how fast events are occurring.

                  
                  

               
               

            
            
            
            Rates, ratios, and proportions are used to measure the
               occurrence and risk of an event in a specific population during a given time period.
               By converting data to ratios, the IP may more accurately compare them to benchmarks,
               goals, or events at other facilities. This information should
                  be shared with the interdisciplinary team to help guide decision making and
                  action plans.

            
            
            
            When calculating infection rates, the numerator (upper
               portion of a fraction) is the number of patients with a specific infection, and the
               denominator (lower portion of a fraction) must accurately reflect the
               population at risk. For example, in calculations related to indwelling urinary
               catheters, the denominator will refer to the population or group of patients who are
               at risk for CAUTIs (all patients with urinary catheters); in calculations relating
               to central line-associated bloodstream infections (CLABSIs), it will be those
               patients who are at risk for CLABSIs (all patients with central venous catheters).
               It is possible that, during certain outbreaks (influenza or tuberculosis, for
               example), all healthcare facility patients, HCP, and visitors should be factored
               into the denominator. Denominator data must be collected by trained personnel. When
               denominator data are available from
               electronic databases, these sources may be used as long as the counts are not
               substantially different from those collected manually.

            
            

         
         
         
         
         
            
            
            Ratios

            
            
            
            
               
               
               
               Ratios are based on this simple formula:

               
               
               
               [image: An equation: Numerator divided by Denominator times ten to the nth power.]
               
               
               
               
               After the numerator is divided by the denominator,
                  the result is often expressed as the result “to one,” or written as the result “:1.”
                  For example, if over a 12-month period eight patients in a healthcare facility develop CAUTIs—six males
                  and two females—then the ratio would be three males to one female, because 6 ÷ 2 =
                  3, which can be expressed as 3:1.

               
               
               
               The numerator (x) and the denominator (y)
                  represent the two groups being compared. The multiplier (10n) is used to transform the result into a
                  number that is larger than one—or, in some formulas, if 100 is used as the
                  multiplier, into a percentage. It is read as “ten to the nth power,” and the
                  resulting value for 10n when
                  calculated may be 1 (100),
                  10 (101), 100 (102), 1,000 (103), etc.

               
               
               
               For 10n, any value of n can be used. For most
                  nationally notifiable diseases, a value of 100,000 or 105 is used for 10n. Otherwise, it is common to select a value
                  for 10n so that the smallest
                  rate calculated in a series yields a number greater than or equal to 1 (for example,
                  4.2/100, not 0.42/1,000, and 9.6/100,000, not 0.96/1,000,000).

               
               
               
               Numerators and denominators can be related
                  (influenza cases and influenza deaths) or unrelated (number of apples consumed per
                  day and number of physician visits).

               
               

            
            

         
         
         
         
            
            
            Proportions

            
            
            
            
               
               
               
               Proportions are ratios that show the
                  percentage of a population that suffered from an infection (or other adverse event).
                  Proportions compare a part to the whole. It is a type of ratio in which the
                  numerator is included in the denominator:

               
               
               
               [image: An equation: Number of events or persons of interest divided by Total number of events or persons (of which the numerator is a subset) times ten to the nth power.]
               
               
               
               
               You might also use a proportion
                  to describe what fraction of clinic patients tested positive for HIV or what
                  percentage of the population is younger than 25 years of age. A proportion may be
                  expressed as a decimal, a fraction, or a percentage.

               
               
               
               For example, out of all the men
                  who came in for HIV testing at a clinic, six tested positive for HIV and 114 tested
                  negative. The proportion of those who tested positive is calculated as follows: 6
                  ÷
                  (6 + 114) = 0.05 = 5%.

               
               

            
            

         
         
         
         
            
            
            Rates

            
            
            
            
               
               
               
               Rates measure an event’s occurrence bound by a
                  specific time frame.

               
               
               
               [image: An equation: Number of events during the time period divided by Number of events, persons, etc., at risk during the time period times ten to the nth power.]
               
               
               
               
               Rates are a measure of risk. The time frame is
                  frequently the cumulative person-time that the population was at risk within a
                  specified time period or the number of device-days. Rates are especially important
                  because they can be used to track trends and monitor changes in the frequency of
                  specific events among patients.

               
               
               
               It is important to note that rates must always be
                  represented in the same number of units, as this allows for comparisons between
                  different time periods; it also makes rates easier to comprehend. The number of
                  units will depend on the size and complexity of the facility in which they are used,
                  but they are typically expressed as rates per 1,000 units.

               
               
               
               For example, consider a situation in which three
                  CAUTIs occur in the medical intensive care unit (MICU) during the first quarter of
                  the year (numerator) and there are 38 total patients with urinary catheters in the
                  MICU during the same time period (denominator = people at risk). This fraction is
                  then multiplied by a constant 10n to calculate the rate. Here we will use 103 (or 1,000) as the constant, which leads to
                  3 ÷ 38 = 0.0789 x 1,000 = 78.9 CAUTI/1,000 urinary catheter-days.

               
               
               
               
                  Key Point

                  
                     
                     
                     Calculating ratios,
                        proportions, and rates is an important part of any
                        surveillance program, as these measurements help transform
                        raw data into actionable information.

                     
                     

               
               
               
               Rates can be presented and calculated as crude
                  (i.e., unadjusted) and risk-adjusted.

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        
                           Crude.
                           
                        Assumes
                           that risk factors are evenly distributed for all events; cannot be used
                           for comparisons of inter- and intra-facility rates. It may take the form
                           of the number of new cases or deaths occurring in a specified population
                           per year, usually expressed as the number of cases per 100,000 in the
                           population at risk.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        
                           Risk-adjusted.
                           
                        Assumes
                           that risk factors are not evenly distributed for all events; controlled
                           based on variations; can be used for comparisons of inter- and
                           intra-facility rates. An example of a risk-adjusted measure is the NHSN
                           standardized infection ratio (SIR).
                        

                     
                     

                  
                  

               
               
               
               Many IPs and hospital administrators prefer
                  risk-adjusted rates to other summary HAI measures as a means for describing HAI
                  incidence in their facility and for making comparisons between their hospital and
                  national HAI data. By using risk-adjusted rates, a hospital can establish how their
                  infection rates compare with the national baseline.

               
               
               
               While risk-adjusted rates can help IPs make
                  comparisons with national rates and those of similar facilities (regionally or
                  nationally), these rates do have an important limitation. Due to the potentially
                  large number of diverse patient care locations, the data collected can be difficult
                  to summarize. Therefore, it might be difficult to draw accurate or appropriate
                  conclusions. This can make internal quality evaluation and external comparisons
                  difficult if based solely on risk-adjusted rates.

               
               

            
            

         
         
   
      
         
         
         
         Bivariate
            Relationships

         
         
         
         
            
            
            
            Bivariate relationships
               (relationships between two variables) discussed here include correlation and
               regression. Bias and confounding are also covered.

            
            
            
            Correlation calculates the direction
               and magnitude of a relationship between two variables. It calculates
               a value, r, that
               measures the degree of the relationship. The calculated values can range
               between +1 and –1. The closer r is to ±1, the stronger the
               relationship. A positive correlation exists when as one variable
               increases, so does the other (e.g., the longer a urinary catheter
               is in place, the greater the risk of developing a UTI). A negative
               correlation occurs when as one variable increases, the other decreases
               (e.g., increased handwashing results in fewer infections). With
               a value of 0, there is no correlation, and values near 0 show weak
               association.

            
            
            
            Regression is
               a way to explain the relationship between a dependent variable (y—usually
               a health outcome such as an HAI, cancer, etc.) and one or more explanatory
               (or independent) variables (x—such as exposures, subject
               characteristics, or risk factors). In simple linear regression,
               there is only one independent variable, and, based on that, the
               dependent variable is predicted. In multiple linear regression,
               there are multiple independent variables.

            
            

         
         
         
         
         
            
            
            Bias and Confounders

            
            
            
            
               
               
               
               Infection preventionists must be familiar with and prepared to
                  identify two factors that can affect data collection: confounders and bias.
                  Confounders can result in potentially misleading but true results, while bias can
                  generate results that are untrue.

               
               
               
               Error occurs in all studies. It is not possible to
                  control for all random error, but it is possible to limit the level of systematic
                  error or bias in a study. The National Institutes of Health (NIH) defines bias as “a systematic error in
                  study design, subject recruitment, data collection, or analysis that results in a
                  mistaken estimate of the true population parameter.”

               
               
               
               
                  Bias in epidemiological
                     studies can take many forms, and multiple forms of bias may be present in the
                     same study. The following are some common types of bias.
                  

               
               
               
               
                  
                  
                  	
                     
                     
                     Information. This describes when a study
                        inaccurately measures and records data with regard to variables that may
                        alter the result of the study. Types of information bias include:

                     
                     
                     
                     
                        
                        	
                           
                           
                           Recall. This describes errors in
                              recollection by a subject when describing events that happened in
                              the past.

                           
                           

                        
                        
                        	
                           
                           
                           Observer. This describes errors
                              that arise due to participants’ tendency to observe an effect or
                              result that they desire or expect, even when those observations are
                              not supported in fact.

                           
                           

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Interviewer. This bias is the result of
                        some characteristic of the individual or individuals conducting a study,
                        such as their manner of speaking or their reaction to participant responses
                        or other visible identity characteristics such as sex or ethnicity.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Publication. This bias arises due to the
                        decision making surrounding whether findings should be published, based on
                        the outcome of the study itself.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Researcher. This occurs due to the
                        personal beliefs or expectations of a researcher when they are allowed to
                        alter the design of a study or how data are collected and recorded.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Response. This refers to situations where
                        inaccurate or false questions are reported by participants in a study. One
                        example of this type of bias is the well-known placebo effect, where
                        individuals in a medical study who have received a placebo medication report
                        that the medication has led to improvement in their condition.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Selection. This arises when there is a
                        factor that affects a study population that is not controlled for during the
                        study and that causes an issue in the sample’s representation of a larger
                        group.

                     
                     

                  
                  

               
               
               
               The above list of forms of bias is not
                  exhaustive, but it does show the many important ways that bias arises in a study.
                  In
                  addition to these, the Hawthorne effect, which describes the tendency of individuals
                  in a study to change their behavior due to their awareness of the study and
                  observation, may cause errors as well.

               
               
               
               Bias can be caused by instrument, observer, data
                  collection method, case and control group selection, or other errors, including
                  inappropriate choice of statistical test and underpowering studies. Bias and random
                  error may also result in no association being seen where one does actually exist.
                  Careful study design will reduce bias in studies.

               
               
               
               Confounding is the mixing of effect between the
                  exposure, the outcome, and a third variable. A confounder, also called a confounding variable, is a
                  variable that is an independent cause or predictor of the exposure and the outcome
                  and is not on the path between the exposure and the outcome, as seen in Exhibit 2-19. Confounding
                  variables can lead to the assumption that there are differences that do not really
                  exist or that there is no difference when one truly exists.

               
               
               
               
                  Exhibit 2-19: Confounding Variable[image: Diagram showing confounding: “Exposure” points to “Outcome,” and a “Confounder” above them points to both, illustrating how it can distort the exposure-outcome relationship.]
               
               
               
               
               Here’s an example of how a confounder can affect
                  surveillance and studies. When evaluating the relationship between alcohol
                  consumption (exposure) and heart disease (outcome), smoking would be an important
                  confounding factor, since smoking is correlated with both alcohol consumption and
                  heart disease.

               
               

            
            

         
         
         
         
            
            
            Prevalence and Incidence

            
            
            
            
               
               
               
               Commonly used rates in surveillance programs are
                  incidence and prevalence. Historical incidence rates (the number of new cases) and
                  prevalence rates (the total number of existing cases) serve as baselines for ongoing
                  data analysis. Note that prevalence and incidence are often confused with each
                  other. Prevalence includes all cases present regardless of onset date; incidence
                  includes only new cases within the surveillance time period.

               
               
               
               Prevalence
                  measures the occurrence of existing cases—old and new—in a specific population
                  during a given time period. The prevalence rate is calculated using the following
                  formula:

               
               
               
               [image: An equation: Number of EXISTING (old and new) cases at a given point in time divided by Total population at risk (of which the numerator is a subset) at a given point in time times ten to the nth power.]
               
               
               
               
               Prevalence can be presented in two different ways,
                  both of which use the above formula: point prevalence and period prevalence. Point prevalence refers to the proportion of a
                  population with existing cases at a given point of time (e.g., the proportion of patients with a disease on a
                  given day). Period prevalence is defined as the
                  proportion of a population with existing cases during a specified period of time
                  (e.g., the proportion of patients with a disease in a given month).

               
               
               
               IPs reviewing
                  prevalence measures should look carefully at what data are included. For example,
                  two methods are acceptable: Only active cases of HAI are included for the time
                  period (making it more nearly reflect incidence) or all HAIs are included whether
                  they are active or inactive (regardless of date of onset).

               
               
               
               There are a couple of
                     things to note with regard to prevalence. First, there are only two outcomes for
                     prevalent cases: death or curing of the disease. Second, prevalence is influenced by both incidence and the average
                  duration of the disease. Key ways in which incidence and duration of disease may
                  affect prevalence include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     As incidence increases, so does
                        prevalence.

                     
                     

                  
                  
                  
                  	
                     
                     
                     If incidence of a disease remains
                        constant but the rate of death from the disease decreases (i.e., more cases
                        are cured), then prevalence will decline.

                     
                     

                  
                  
                  
                  	
                     
                     
                     If incidence of a disease remains
                        constant but the lives of prevalent cases are prolonged (not cured), then
                        prevalence will rise.

                     
                     

                  
                  

               
               
               
               There are two types of incidence: incidence proportion (cumulative incidence) and incidence rate
                  (incidence density).

               
               
               
               Incidence proportion is defined as the number of new cases of a disease
                  that develop in a population at risk during a specified time period. In order to be
                  able to interpret rates, one will need to know how they are calculated. When
                  calculating an incidence proportion, the IP should compare the number of new cases
                  or events (the numerator) with the size of the population at risk during the
                  identified time period (the denominator). The formula for calculating an incidence
                  proportion is:

               
               
               
               [image: An equation: Number of NEW cases during a given time period divided by Total population at risk (of which the numerator is a subset) during that time period times ten to the nth power.]
               
               
               
               
               For surveillance in healthcare facilities, the
                  selection of a denominator may depend on a couple of different factors. For example,
                  if a facility does not have a stable population during the time period being
                  considered, then the IP should take either the average population observed during
                  the time period or the cumulative person-time the population was at risk. In the
                  second instance, the denominator would be calculated by adding together the time
                  each person was at risk during the specified time period.

               
               
               
               There are multiple concepts that are related to
                  the concept of incidence proportion, including attack rate, risk, cumulative
                  incidence, and probability of developing disease.

               
               
               
               The incidence
                     rate incorporates the amount of actual time at risk for each person
                  rather than assuming that each case was at risk for the entire time period being
                  studied. It is calculated using the following formula:

               
               
               
               [image: An equation: Number of NEW cases during a given time period divided by Total time at risk times ten to the nth power.]
               
               
               
               
               An example would be the number of new cases of
                  catheter-related UTIs (numerator) divided by the time at risk, which would be
                  device-days.

               
               
               
               Incidence rates are typically used in cohort
                  studies of diseases with long incubation or latency periods, such as chronic
                  diseases and occupationally acquired diseases, or when people are not followed up
                  on
                  for the same length of time. Like any rate, the incidence rate is expressed as a
                  change per unit of time. It is the most commonly used metric in healthcare facilities. 

               
               

            
            

         
         
         
         
            
            
            Attack Rates and Mortality Rates

            
            
            
            
               
               
               
               Related to incidence and prevalence are the concepts of attack rate
                  and mortality rate.

               
               
               
               An attack rate is the proportion of persons at risk who become infected
                  over an entire period of exposure or a measure of the risk or probability of
                  becoming a case. The attack rate measures the frequency of cases during an outbreak
                  and represents the risk of acquiring a disease during an outbreak. In hospital
                  epidemiology, attack rates are used to describe the probability of acquiring an HAI
                  during hospitalization. An attack rate is a kind of incidence proportion; it is
                  generally useful in describing the size of an outbreak. Attack rates are usually
                  expressed as cases per 100 people or as a percentage. Attack rates are calculated
                  as
                  follows:

               
               
               
               [image: An equation: Number of NEW cases during a given time period divided by Total population at risk during that time period times ten to the nth power.]
               
               
               
               
               Note that in the above equation, the value in the numerator is included in the
                  denominator, as any new cases during the period arose in someone who was at risk
                  during that period.

               
               
               
               Here’s an example: Twenty-four residents on a
                  memory care unit in a long-term care facility are diagnosed with influenza, and
                  there are 52 residents in the unit. The attack rate can be calculated as 24/52 x 100
                  = 46.15, or 46.15%.

               
               
               
               A secondary attack rate can be
                  calculated to document the difference between community transmission of illness
                  versus transmission of illness in a household, daycare center, or other closed
                  population. This is calculated as follows:

               
               
               
               
                  [image: An equation: Number of cases among contacts of primary cases divided by Total number of contacts times ten to the nth power.]
                  

               
               
               
               This is a good measure of
                  person-to-person spread of disease after the disease has been introduced into a
                  population. Consider this example: Five cases of hepatitis A have occurred among
                  children attending daycare. A total of 28 household members have had contact with
                  the infected children. One incubation period later, four family members have also
                  developed hepatitis A. x = 4 (cases); y = 28 (contacts); 4/28 x 100 = 14.29 =
                  14.29%.

               
               
               
               A mortality rate is a measure of the frequency of death in a defined
                  population during a specified time (usually a year). The crude mortality rate
                  measures the proportion of the population dying each year from all causes. The
                  cause-specific mortality rate measures mortality from a specified cause for a
                  population. Mortality rates are typically expressed as deaths per 100,000 people.
                  Below is the formula used to calculate mortality rate.

               
               
               
               
                  [image: An equation: Estimated total number of deaths in a population of a given sex and/or age divided by Total number of the given population times ten to the nth power.]
                  

               
               
               
               To calculate a country’s overall
                  mortality rate in a given year, one would take the total number of deaths (for
                  example, 3,003,763) and divide that by the total population (for example,
                  298,464,365). This would result in the following: 0.01006 x 100,000 = 1,006.

               
               
               
               Here’s an example of a
                  cause-specific mortality rate using the same death and population values we just
                  used. In a given year, approximately 3,003,763 deaths have occurred in a country.
                  COVID-19 was reported as the underlying cause or a contributing cause in an
                  estimated 399,899 (13.3%) of those deaths (134.0 deaths per 100,000).

               
               

            
            

         
         
         
         
            
            
            Standard Infection Ratio (SIR)

            
            
            
            
               
               
               
               Standardized infection ratios (SIRs) are used by the CDC’s
                  National Healthcare Safety Network (NHSN) to track HAIs over time at the regional,
                  national, or facility level. 

               
               
               
               As IPs may come across
                  the term, it is worthwhile to understand what it is and how it is calculated.
                  It should be noted, though, that it is an additional surveillance
                  measure; it should not replace incidence, prevalence, or attack
                  rates. Here is the formula for calculating the SIR:

               
               
               
               [image: An equation: Number of observed HAIs divided by Number of predicted HAIs equals SIR.]
               
               
               
               
               Here’s
                  how to interpret the results of a SIR calculation:

               
               
               
               
                  
                  
                  	
                     
                     
                     If SIR = 1, then there were as many infections as
                        expected.

                     
                     

                  
                  
                  
                  	
                     
                     
                     If SIR ≤ 1, then there were fewer infections than expected;
                        this suggests that the facility has prevented infections.

                     
                     

                  
                  
                  
                  	
                     
                     
                     If SIR ≥ 1, then there were more infections than expected;
                        this suggests that the facility has experienced an increase in
                        infections.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section G:
            Inferential Statistics

         
         
         
         
            
            
            
               After completing this section, learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Interpret key surveillance data using inferential statistical principles.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         Central Tendency, Populations, and
            Distributions

         
         
         
         
            
            
            
            Here are terms from the field of inferential
               statistics along with some comments on their use.

            
            
            
            
               
               
               	
                  
                  
                  The population is the set of
                     all observations of interest to the investigator. These may be individuals,
                     procedures, or any type of measurement.

                  
                  

               
               
               
               	
                  
                  
                  A sample is a group of
                     observations selected from a population and chosen to represent the
                     population as a whole. The values in a sample are those that are actually
                     observed and measured by the researcher. The sample is used in inferential
                     statistics to make assumptions about the population. Generally, the larger
                     the sample, the stronger the inference and the less likely that the observed
                     difference is due to chance alone. Small samples are more subject to error.
                     A study to detect a slight difference or slight increase in disease risk
                     with great precision will require more individuals than a study for less
                     precise detection of large differences.

                  
                  

               
               
               
               	
                  
                  
                  Measures
                        of central tendency describe how observations cluster around a
                     middle value and locate only the center of a distribution measure. They
                     include the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The mean is the sum of
                           all values divided by the total number of values—the average. For
                           example, the mean of a group of numbers (2, 4, 4, 6, 7, 19) would be
                           the sum of the group (2, 4, 4, 6, 7, 19 = 42) divided by the number
                           of values (6). So for that group of numbers, the mean is 42 ÷ 6 =
                           7.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The median is the
                           midpoint of the observations, with half the observations falling
                           above and half below the median value. Because the median is not
                           affected by outliers (the median ignores extreme values), it may be
                           a good approximation of an average. For example, using the same
                           group of numbers as above (2, 4, 4, 6, 7, 19), the median would fall
                           between the 3rd and 4th listed value. The calculation would then be
                           (4 + 6) ÷ 2 = 5.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The mode is the
                           observation that occurs most frequently in a data set, and it
                           determines the height and shape of a curve. It should be noted,
                           however, that data sets can be multimodal or even be nonmodal. (No
                           value occurs more often than any other.) The mode is not usually
                           affected by outliers. Using the same set of numbers (2, 4, 4, 6, 7,
                           19), the mode would be 4.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The range provides a value that
                           represents the difference between the highest and lowest values in a
                           data set, but it does not say how many observations are in the data
                           set. It is not a stable measure of dispersion, as it does not
                           provide enough detail or specificity. For example, the range of the
                           same set of numbers (2, 4, 4, 6, 7, 19) is 17, but this could
                           indicate a range from 1 to 18 or 10 to 27. Often, range is used for
                           metrics such as temperatures or ages.

                        
                        

                     
                     

                  
                  

               
               
               
               	
                  
                  
                  The normal distribution, as seen in Exhibit 2-20, describes a bell-shaped curve on a
                     graph in which the distribution (spread) of the values is even on both sides
                     of the mean (both halves are equal) and the mean, median, and mode are all
                     equal. As sample size increases in number, the effects of the random
                     influences are diminished and the data are closer to a normal
                     distribution.

                  
                  
                  
                  
                     Exhibit 2-20: A Normal Distribution[image: A bell curve labeled as a normal distribution, with a dashed vertical line at the center. An arrow points to the center, indicating that the mode, median, and mean all align at this point.]
                  
                  
                  
                  
                  Kurtosis is the term used
                     to describe how flat or peaked a curve is. In general, flatter and wider
                     curves show more variability in the data than taller and narrower curves.
                     There are three forms of kurtosis: mesokurtic, leptokurtic, and platykurtic.
                     These are shown in Exhibit 2-21.

                  
                  
                  
                  Exhibit 2-21: Forms of Kurtosis[image: A diagram showing three different types of distribution curves: Leptokurtic (a tall and narrow peak), Mesokurtic (a standard bell-shaped curve), and Platykurtic (a flatter, wider curve).]

                  
                  

               
               
               
               	
                  
                  
                  A sampling distribution
                        is the distribution of the samples taken. If the sample size is low, the
                        distribution is unlikely to be normal. Many types of distributions
                        exist. For example, a distribution is not a normal distribution if it is
                        asymmetrical (this is called skewness, meaning that extreme values tend
                        to fall more in one direction than the other), and this curve looks more
                        like a wave in one direction or the other (a positive or negative
                        skew). Positive and negative skews are shown in
                        Exhibit 2-22. Note that the elongated tail represents where there are
                        more data than would be expected in a normal distribution.

                  
                  
                  
                  Exhibit 2-22: Positive and Negative Skew[image: Diagram with two curves: Left shows a negatively skewed distribution with a long left tail and arrow. Right shows a positively skewed distribution with a long right tail and arrow.]

                  
                  

               
               

            
            
            
            Data sets with equal
               central tendency measures may tell very different stories if their distributions
               differ. For example, imagine that hand hygiene compliance audits are conducted over
               the course of a year for two different floors (A and B) in a healthcare facility.
               If
               both floors average 50% compliance for the year, it does not necessarily indicate
               that both performed the same, nor does it indicate that they would both benefit from
               the same or similar interventions. The difference between the floors might be more
               accurately reflected in the range of the results—that is, if floor A had a steady
               50% compliance rate for the entire year while floor B had compliance rates ranging
               from 15% to 85%, then floor B may require more or different interventions than floor
               A.

            
            

         
         
         
         
         
            
            
            Parametric and Nonparametric Tests in
               Inferential Statistics

            
            
            
            
               
               
               
               Parametric statistics assume a normal
                  distribution of the parent or sample population. Most parametric techniques
                  require measurements on a continuous-interval scale; interval data are measured
                  along a numerical scale that has equal intervals between adjacent values, e.g.
                  temperature measurements in Fahrenheit and Celsius or height and weight.
                  Interval data always lack what’s known as a “true zero.” This means that the
                  data can contain negative values and that a measurement of zero can represent a
                  quantifiable measure of something.

               
               
               
               Parametric examples used to
                  analyze continuous-interval data include the z-test and the Student’s t-test,
                  which are statistical hypothesis tests that help determine whether there is a
                  difference between two population means or proportions.

               
               
               
               Nonparametric data make no assumption about
                  the distribution of the population values and can be used with discrete data
                  (e.g., infection, no infection), nominal and ordinal data, and interval data.
                  The main advantage of nonparametric methods is that the assumptions of normality
                  are not required.

               
               
               
               Examples of nonparametric tests
                  include the chi-square test of independence and Fisher’s exact test. The
                  chi-square test determines whether there is an association between categorical
                  variables (i.e., whether the variables are independent or related). Fisher’s
                  exact test is very similar to the chi-square test in that researchers are
                  testing the association or relationship between two dichotomous categorical
                  variables. The primary difference is that Fisher’s test is used only when one of
                  the four cells of a 2 by 2 table has fewer than five observations. Fisher’s
                  exact test is often used with small sample sizes (n < 20) and when
                  researching rare outcomes.

               
               

            
            

         
         
         
         
            
            
            Measures of Dispersion

            
            
            
            
               
               
               
               After finding measures of central tendency, the next
                  step is to measure data dispersion. Measures of dispersion give information about the
                  distribution of data around the mean. Range, deviation, variance, and standard
                  deviation are the four most commonly used measures of dispersion in healthcare
                  epidemiology.

               
               
               
               
                  
                  
                  	
                     
                     
                     
                        Range
                         as previously discussed, is the largest
                           value minus the smallest value. Range is both a measure of central
                           tendency and a measure of dispersion.
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Deviation is the
                        difference between an individual value in a data set and the mean value.
                        If a given data point is greater than the mean, it has a positive
                        deviation; if it is less than the mean, the data point has a negative
                        deviation. When data points are equal to the mean, they have no
                        deviation.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Variance is the
                        deviation around the mean of a distribution.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Standard deviation  is a measure
                        that reflects the distribution of values around the mean; it is the average
                        of all deviations in a data set and indicates how spread out the data are
                        around the mean. A small standard deviation indicates that the data cluster
                        tightly around the mean—that is, most data fall relatively close to the
                        average, with few (if any) outliers. A large value indicates that the data
                        are spread out more widely, with more possible outliers or a larger
                        range.

                     
                     
                     
                     
                        Exhibit 2-23: Standard Deviation in a Normal Distribution[image: Bell curve showing normal distribution with standard deviations from the mean: 68.26% within ±1SD, 95.46% within ±2SD, 99.73% within ±3SD. Notes that 3 in 1,000 data points fall outside ±3SD.]
                     
                     
                     
                     
                     Consider again the hand hygiene compliance
                        example from earlier, in which floor A had a consistent 50% compliance rate
                        while floor B had a range of 15% to 85%. In that situation, floor A has a
                        smaller standard deviation than floor B.

                     
                     

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Interpreting Confidence Intervals

         
         
         
         
            
            
            
            Inferential
               statistics makes assumptions about a population based on a small
               sample size. The intent is to show an association between cause
               and effect (e.g., development of pneumonia and being on a ventilator).
               Calculations can show the strength of the association between the
               cause and the effect, but cause can never be statistically proven.
               There are only methods to validate the strength of the association.
               Inferential statistics relies on probability (the laws of chance).

            
            
            
            A sample mean (x̄)
               is an estimate of the population mean (µ). It is a point estimate
               that may include some error. To compensate for this margin of error,
               a calculation is performed to identify a range of possible values
               the population mean might take. This range is known as the confidence
               interval (CI).

            
            
            
            To
               calculate a CI, the data must have a normal distribution. The researcher
               determines what level of confidence to select. The most common confidence
               levels are 90%, 95%, and 99%. A 95% confidence interval can be interpreted
               as a range of values above and below the point estimate within which
               the true value in the population is likely to lie with 95% confidence.
               The other 5% is the possibility that the true value is not within
               the confidence interval. As sample size increases, the confidence
               interval becomes more precise. For example, if a report says that
               a 95% CI equals 177 pounds ± 5.5 pounds for a study monitoring obesity
               in a given population, we can be 95% confident that the population
               mean (or average weight) falls between 171.5 and 182.5 pounds.

            
            

         
         
         
         
   
      
         
         
         
         Measures of Strength of Association

         
         
         
         
            
            
            
            A common use of statistics is hypothesis
               testing. Statistical significance is used to determine how much reliance to
               place on the results.

            
            
            
            Hypothesis testing starts with a statement
               of expected results. It uses the distribution of a known area in the normal
               distribution curve and estimates the likelihood (probability) that a result did
               not occur by chance. First, a research or alternate hypothesis is formulated.
               The hypothesis states the expectation to be tested, for example, Doctor A has a
               higher surgical site infection (SSI) rate than does Doctor B. Then a statement
               that is opposite to the research or alternate hypothesis is developed, for
               example, Doctor A has a lower SSI rate than does Doctor B. The latter is called
               the null hypothesis (Ho). The Ho is
               always stated to be rejected. The research or alternate hypothesis (Ha) is the desired result.
               Only two outcomes are possible with hypothesis testing: The null hypothesis is
               accepted or rejected.

            
            
            
            Hypotheses can be
               one-tailed or two-tailed tests. The example of Doctor A is a one-tailed test
               because the direction is specified in advance (higher SSI rate). One-tailed
               tests are preferred when direction is predicted. A two-tailed hypothesis does
               not specify direction; a difference in either direction is important. The same
               example can have a two-tailed null hypothesis: The SSI rate for Doctor A is not
               the same as the infection rate of Doctor B. A related term is the rejection region, which is the cutoff point
               for accepting or rejecting the null hypothesis. In a one-tailed test, this
               occupies just one end of the distribution (bell curve), but, in a two-tailed
               test, it takes up both ends of the distribution. Display examples for
               directional hypotheses are shown in Exhibit 2-24.

            
            
            
            Exhibit 2-24: Data Display Examples for Directional Hypotheses
               
               [image: Two side-by-side bell curves illustrate the difference between one-tailed and two-tailed hypothesis tests. Go to long description for more details.]
               
               
               
                  Go to long description.
                  

               
               

            
            
            
            Statistical significance can be expressed as a
               question such as “Is chance or sampling variation a likely explanation for the
               difference between a sample statistic and the corresponding null hypothesis
               population value?”

            
            
            
            
               
               
               	
                  
                  
                  Statistically significant. If the
                     answer to the question is no, it means that the observed difference is
                     not likely to occur by chance variation and the sample result is not
                     compatible with the null hypothesis and therefore is statistically
                     significant. The null hypothesis is rejected because there is sufficient
                     evidence to support that sampling variation or chance is an unlikely
                     explanation for the difference between Ho and sample values. This does
                     not prove that the research hypothesis is true.

                  
                  
                  
                  An example of this
                     type of result can be found in an article published in 2022 in the American Journal of Infection Control
                     titled “Association of Masking Policies with Mask Adherence and
                     Distancing During the SARS-COV-2 Pandemic” by Eric J. Puttock et al.
                     Exhibit 2-25 shares the abstract from the
                     study.

                  
                  

               
               

            
            
            
            Exhibit 2-25: Statistically Significant Study Abstract
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	 
                              
                              
                              	 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Background

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Quantification of the
                                    impact of local masking policies may help guide future
                                    policy interventions to reduce SARS-COV-2 disease
                                    transmission. This study’s objective was to identify
                                    factors associated with adherence to masking and social
                                    distancing guidelines.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Methods

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Faculty from 16 U.S.
                                    colleges and universities trained 231 students in
                                    systematic direct observation. They assessed correct
                                    mask use and distancing in public settings in 126 U.S.
                                    cities from September 2020 through August 2021.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Results

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Of 109,999 individuals
                                    observed in 126 U.S. cities, 48% wore masks correctly,
                                    with highest adherence among females, teens, and seniors
                                    and lowest among non−Hispanic whites, those in vigorous
                                    physical activity, and in larger groups (P < 0001).
                                    Having a local mask mandate increased the odds of
                                    wearing a mask by nearly three-fold (OR = 2.99, P =
                                    .0003) compared to no recommendation. People observed in
                                    noncommercial areas were least likely to wear masks.
                                    Correct mask use was greatest in December 2020 and
                                    remained high until June 2021 (P < .0001). Masking
                                    policy requirements were not associated with
                                    distancing.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Discussion

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 The strong association
                                    between mask mandates and correct mask use suggests that
                                    public policy has a powerful influence on individual
                                    behavior.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Conclusion

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Mask mandates should
                                    be considered in future pandemics to increase
                                    adherence.

                                 
                                 
                              

                           
                        

                     

                  
                  

               

            
            
            
            
               
               
               	
                  
                  
                  Not statistically significant. If the
                     answer to the question is yes, it means that the difference is likely to
                     occur by chance alone and this sample result is compatible with the null
                     hypothesis and therefore is not statistically significant. The null
                     hypothesis is not rejected. There is not sufficient evidence that
                     sampling variation is the likely explanation for the difference between
                     Ho and
                     sample values.

                  
                  
                  
                  An example of this
                     type of result can be found in an article published in 2022 in the American Journal of Infection Control
                     titled “Reusing Personal Protective Equipment (PPE) Did Not Increase
                     Surgical Site Infection in Trauma Surgical Patients during the COVID-19
                     Pandemic: A Retrospective Cohort study in Michigan Trauma Centers,” by
                     Evan Gorgas et al. Exhibit 2-26 shares the abstract from the
                     study.

                  
                  

               
               

            
            
            
            Exhibit 2-26: Not Statistically Significant Study Abstract
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                              
                              	 
                              
                              
                              	 
                              

                           
                        
                        
                        
                           
                           
                              
                              	
                                 
                                 
                                 Background

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Reuse of personal
                                    protective equipment (PPE), masks more specifically,
                                    during the COVID-19 pandemic was common. The primary
                                    objective of this study was to compare pre-pandemic SSI
                                    rates prior to reuse of PPE, to pandemic SSI rates after
                                    reuse of PPE in trauma surgical patients.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Methods

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 A retrospective cohort
                                    analysis collected from the Michigan Trauma Quality
                                    Improvement Program database was performed. The
                                    pre-COVID cohort was from March 1, 2019, to December 31,
                                    2019, and the post-COVID cohort was March 1, 2020, to
                                    December 31, 2020. Descriptive statistics were used to
                                    assess differences between variables in each cohort.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Results

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Nearly half (49.8%) of
                                    our cohort (n = 48,987) was in the post-COVID group.
                                    There was no significant difference in frequency of
                                    operative intervention between groups (p > .05).
                                    There was no significant increase (p > .05) between
                                    pre- and post-COVID cohorts for superficial, deep, or
                                    organ space SSI when reuse of masks was common.

                                 
                                 
                              

                           
                           
                           
                              
                              	
                                 
                                 
                                 Conclusion

                                 
                                 
                              
                              
                              	
                                 
                                 
                                 Reuse of PPE did not
                                    lead to an increase in SSI in surgical patients. These
                                    findings are consistent with previous studies but the
                                    first to be described in the trauma surgical patient
                                    population. Studies such as this may help inform further
                                    discussion regarding PPE usage as we continue to emerge
                                    from the current pandemic with the continuous threat of
                                    future pandemics.

                                 
                                 
                              

                           
                        

                     

                  
                  

               

            
            
            
            The statisticians preparing the study will
               state the expected significance level of the test using the variable alpha (α).
               The level of significance is
               the probability value arbitrarily chosen by the researcher as the desired level
               of probability at which one may feel secure in rejecting the null hypothesis.
               This value is typically set at 0.05 or 0.01.

            
            
            
            Statistical significance can be measured using a p value. A p value is related to the sampling distribution; it
               helps calculate the probability of collecting a sample where the value of the test
               statistic is greater than or less than or equal to some specified value. The p value is the probability of
               observing a sample in which the test statistic is greater than or equal to the test
               statistic for the sample that was actually observed. It is commonly compared to α,
               the specified significance level of the test. If α = 0.05, then a p value of less than or equal to 0.05 would cause
               you to reject the null hypothesis and a p value greater than 0.05 would cause you to fail
               to reject the null hypothesis.

            
            

         
         
         
         
   
      
         
         
         
         Reliability Tests, Sensitivity, and Specificity

         
         
         
         
            
            
            
            Reliability
               is a crucial input when determining what survey instruments should be used, as it
               refers to the extent to which a given instrument will yield the same results given
               consistent inputs, across multiple trials. Reliability may be
                  broken down into four main types:

            
            
            
            
               
               
               	
                  
                  
                  
                     
                        Test-retest.
                        
                     This type of
                        reliability describes to what extent a test will give consistent results
                        over time.
                     

                  
                  

               
               
               
               	
                  
                  
                  
                     
                        Inter-rater.
                        
                     This
                        describes to what extent a test will achieve the same results if the
                        individual running or conducting the test changes.
                     

                  
                  

               
               
               
               	
                  
                  
                  
                     
                        Parallel forms.
                        
                     This measures
                        how often distinct versions of a test, which are expected to be
                        equivalent, return the same results.
                     

                  
                  

               
               
               
               	
                  
                  
                  
                     
                        Internal consistency.
                        
                     This
                        describes to what extent individual components of a study or test are
                        consistent.
                     

                  
                  

               
               

            
            
            
            Sensitivity
               and specificity are common statistical measures to describe diagnostic tests or the
               presence of disease and are related to the main types of
                  hypothesis error. These measures affect the occurrence of Type I and Type II
                  errors, which are described as follows. 

            
            
            
            
               
               Type I
                     error: Occurs when the null hypothesis is rejected when it is
                  actually true or when significance is attributed when there actually is
                  none.

               
               Type II error: Occurs when the null hypothesis is accepted when it
                  is actually false or when significance is not attributed when it actually
                  exists.

               

            
            
            
            Types I and II errors are
               inversely related. For example, if an error is arising due to sample size and the
               sample size is fixed, decreasing the risk of committing one error increases the risk
               of committing the other. Thus, they cannot be controlled at the same time.

            
            
            
            Sensitivity and specificity and
               two related measures influenced by them are defined as follows.

            
            
            
            
               
               Sensitivity: A measure of the probability that a test
                  correctly identifies as positive persons who have a disease.

               
               Positive predictive value (PPV): A measure of the proportion
                  of persons with a positive test who have a disease.

               
               Specificity: A
                  measure of the probability that a test correctly identifies persons without a
                  disease as negative.

               
               Negative
                     predictive value (NPV): A measure of the proportion of persons without a disease who test
                  negative.

               

            
            
            
            
               Key Point

               
                  
                  
                  In order to remember the
                     difference between sensitivity and specificity, a good rule
                     of thumb is that a high sensitivity test is one where a
                     negative result rules out the existence of a disease and a
                     high specificity test is one where a positive result
                     confirms the existence of a disease.

                  
                  
                  
                  For example, if a diagnostic test has a
                     high sensitivity (95%), it should correctly detect the
                     presence of a disease 95% of the time, and the false
                     negative rate would be low, at 5%.

                  
                  
                  
                  In contrast, if a diagnostic test has a
                     high specificity (95%), it should correctly identify the
                     absence of a disease 95% of the time, and the false positive
                     rate would be low, at 5%.

                  
                  

            
            
            
            PPV and NPV are influenced by the specificity
               and sensitivity of the screening test and by the prevalence of disease in the
               population, as shown in Exhibit 2-27. Each value is based on simple ratios
               related to the number of true positives, true negatives, false positives (or Type
               I
               errors), or false negatives (or Type II errors).

            
            
            
            
               Exhibit 2-27: Process for Determining Sensitivity and Specificity of Disease
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Actual Disease
                                    Present

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 No Actual Disease
                                    Present

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Positive test
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 True positive

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 False positive

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Negative test
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 False negative

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 True negative

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
            
            
            
            Note that
               this is an example of a 2 by 2
                  table (sometimes written 2 x 2), which is a table with two outcome
               columns (e.g., disease and no disease) and two exposure rows (e.g., exposed and not
               exposed).

            
            
            
            Let’s look at an example, using a 2 by 2 table
               and calculate the sensitivity, PPV, specificity, and NPV for a given set of numbers.
               First, let’s define the formulas for each calculation:

            
            
            
            [image: Four equations. Go to long description for more details.]
            
               Go to long description.
               

            
            
            
            
            A pharmaceutical company is researching a new
               rapid test to identify COVID-19. The company screens 405 individuals with a
               diagnosis of “rule out” COVID-19. The actual prevalence within the population is 7,
               and the numbers produced from the test are as follows:

            
            
            
            
               
               
               	
                  
                  
                  True positive: 6

                  
                  

               
               
               
               	
                  
                  
                  True negative: 378

                  
                  

               
               
               
               	
                  
                  
                  False negative: 2

                  
                  

               
               
               
               	
                  
                  
                  False positive: 40

                  
                  

               
               

            
            
            
            Using those numbers, a 2 by 2 chart can be
               filled out as is shown in Exhibit 2-28.

            
            
            
            
               Exhibit 2-28: 2 by 2 Chart for COVID-19 Test Reliability Calculation
               
               
               
               
                  
                  
                  
                  
                     
                     
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Actual COVID-19
                                    Presence

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Actual COVID-19
                                    Absence

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Positive COVID-19
                                       test
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 6

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 40

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 
                                    Negative COVID-19
                                       test
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 2

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 378

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
            
            
            
            Using the formulas above, we can calculate each
               of the following:

            
            
            
            
               
               Sensitivity = 6 ÷ (6 + 2) = 6 ÷ 8 = 0.75 or 75%

               
               Positive predictive value = 6 ÷ (6 + 40) = 6 ÷ 46 = 0.130 or
                  13.0%

               
               Specificity = 378 ÷ (378 + 40) =
                  378 ÷ 418 = 0.904 or 90.4%

               
               Negative
                  predictive value = 378 ÷ (378 + 2) = 378 ÷ 380 = 0.995 or 99.5%

               

            
            
            
            
               Key Point

               
                  
                  
                  To help prevent confusion
                     on which values or boxes of the 2 by 2 chart should be in
                     the above calculations, a few observations may be
                     useful.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        For each of the above formulas,
                           only two of the four boxes in the 2 by 2 test are
                           used as the numerator: the true positive (upper left
                           box) and the true negative (lower right
                           box).

                        
                        

                     
                     
                     
                     	
                        
                        
                        In each formula, the value used
                           in the numerator is part of the calculation for the
                           denominator.

                        
                        

                     
                     
                     
                     	
                        
                        
                        No formula uses values from more
                           than two boxes.

                        
                        

                     
                     

                  
                  

            
            
            
            Note that the power of a test is its ability to detect a specified difference (e.g.,
               the probability of rejecting the null hypothesis when it is false). The greater the
               specified differences to be detected, the more powerful a sample will be in its
               ability to reject a false null hypothesis.

            
            

         
         
         
         
   
      
         
         
         
         Section H: Presenting Surveillance Activity Results

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Identify common types of charts and graphs used to present surveillance data
                     (e.g., bar charts, line graphs, pie charts) and describe when to use
                     each.

                  
                  

               
               
               
               	
                  
                  
                  Organize basic surveillance data into simple visual formats that include
                     clear labels, titles, and timeframes to communicate findings to others.

                  
                  

               
               

            
            
            
            After surveillance data have been collected
               and analyzed, they should be converted into an easily comprehended medium, for
               example, a visual presentation. This is shared with stakeholders, and actionable
               recommendations are made.

            
            

         
         
         
         
   
      
         
         
         
         Data
            Presentation

         
         
         
         
            
            
            
            As with other communications in IPC programs,
               clarity is paramount when organizing and presenting data findings or reporting
               conclusions. An IP can turn to a number of visual methods to help organize their
               data. These methods will enable others to understand what has been done, why it was
               done, and what has been discovered; they also help to drive change by informing the
               decisions that the IP, facility leadership, administration, and other key
               stakeholders might make. These decisions can relate to future and ongoing
               interventions, resource allocation, improving patient safety, and more.

            
            
            
            The
               primary tools for organizing and presenting graphic information are tables, graphs,
               and charts. While these should be able to stand alone, the IP must nevertheless
               ensure that any contextual materials are written in a clear and concise manner. Most
               spreadsheet software can easily generate these graphics, which makes this a
               relatively straightforward process. 

            
            
            
            The data must be presented in a clear enough way
               that it can be understood not only at the time of initial presentation but also
               after the fact. It must be intelligible to other facility employees (current and
               future) as well as members of the wider medical profession who might look to the
               surveillance report when approaching their own studies and investigations.
               Therefore, every graphic must be labeled properly. There must be a title that
               explains what the graphic presents: the event (e.g., reported cases of CAUTIs), the
               population and location (e.g., patients at 
               a specific hospital in Minnesota), and the date (e.g.,
               August 20xx or July–August 20xx). In other words, the title should tell the audience
               what they need to know about person, place, and time.

            
            
            
            Any axes in the graphic should also be clearly
               labeled. Sources of information other than your own findings and observations—for
               example, CDC data used for comparison—must be clearly cited.

            
            
            
            When constructing/composing a new table, graph, or
               chart, the IP must decide what information should be incorporated into the final
               version. Too much information, and the message and meaning may be lost.

            
            

         
         
         
         
         
            
            
            Tables

            
            
            
            
               
               
               
               A table is a data set presented in rows and columns. Tables are used to
                  show the frequency with which an event occurs. The data can be composed of numbers
                  or words, but, for the purposes of healthcare surveillance, they will most likely
                  be
                  numerical.

               
               
               
               An effective table is typically simple, limited
                  to no more than three factors. Readable tables have a clear, concise title that
                  answers who, what, where, when, and how questions (i.e., person, place, and time).
                  Each column and row should be labeled and the column and row totals shown, if they
                  are used.

               
               
               
               An example of a table is shown in Exhibit 2-29.

               
               
               
               
                  Exhibit 2-29: Table of HAI Cases
                  
                  
                  
                  
                     
                     
                     
                     
                        
                        
                           
                           
                              
                              
                              
                              
                              
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    HAI

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    Cases

                                    
                                    
                                 

                              
                           
                           
                           
                              
                              
                                 
                                 	
                                    
                                    
                                    
                                       Clostridioides
                                          difficile
                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    12

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Methicillin-resistant Staphylococcus aureus
                                       (MRSA)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    20

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Catheter-associated
                                       urinary tract infections (CAUTIs)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    4

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    Central line-associated
                                       bloodstream infections (CLABSIs)

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    2

                                    
                                    
                                 

                              
                              
                              
                                 
                                 	
                                    
                                    
                                    
                                       Total HAI
                                          cases
                                       

                                    
                                    
                                 
                                 
                                 	
                                    
                                    
                                    
                                       38
                                       

                                    
                                    
                                 

                              
                           

                        

                     
                     

                  
               
               
               
               
                  Key Point

                  
                     
                     
                     When compiling information to be shared with
                        stakeholders, it is important to provide full names of infections, diseases, and
                        so forth. Do not assume that they are familiar with acronyms or shortened forms
                        of names. If using acronyms, best practice is to provide a key to aid
                        stakeholder understanding.

                     
                     

               
               

            
            

         
         
         
         
            
            
            Graphs/Charts

            
            
            
            
               
               
               
               Other forms of visual data presentation fall under the
                  category of graphs or charts. Charts are used when the magnitude of different events is
                  important or when one wants to compare parts of the bigger picture. The most
                  common charts are pie charts and bar charts.

               
               
               
               When one wants to look at the proportion
                  that a group represents within the whole population, a pie chart (sometimes known as a
                  “part-to-whole chart”) is the best option. This method of data presentation
                  is easily and quickly interpretable. Effectively, pie charts (as their name
                  suggests) show what slice of the total pie belongs to a single group; they
                  can be used for any data set that breaks down results by age, location,
                  date, or other demographic grouping. For example, a pie chart could be used
                  to present data on the occurrence of specific pathogens by age group,
                  location, or facility (for larger studies).

               
               
               
               Using the data from the example table
                  above, Exhibit 2-30 shows how HAI data would be represented in a pie chart. It is clear
                  here that MRSA accounts for the largest proportion of reported HAIs.

               
               
               
               
               
                  Exhibit 2-30: Pie Chart of HAI Data[image: A pie chart showing the distribution of HAIs. The largest section (20) represents MRSA, followed by Clostridioides difficile (12), CAUTIs (4), and CLABSIs (2). Each category is color-coded for distinction.]
               
               
               
               
               A bar graph (or bar chart) presents the data
                  as side-by-side bars for an easy comparison of magnitudes, frequency
                  distributions, and time-series data. Like pie charts, bar graphs are easily
                  and quickly understood; it is easy to see the relationships between the bars
                  and identify outliers and significant groups. Exhibit 2-31
                  shows how the HAI data would be represented as a bar chart. Again, this
                  representation allows readers to identify the most and least common recorded
                  HAIs at a glance.

               
               
               
               
                  Exhibit 2-31: Bar Chart of HAI Figures[image: Horizontal bar chart showing HAI frequency. MRSA has the longest bar, followed by C. difficile. CAUTIs and CLABSIs have shorter bars. X-axis ranges from 0 to 20 cases.]
               
               
               
               
               Bar graphs can be used to present other
                  data, such as compliance with hand hygiene or other precautions/policies. These data
                  might be separated by department or particular time period. One
                     type of bar graph is a Pareto chart; it is discussed more
                        elsewhere.

               
               
               
               The bars in a bar graph are generally
                  rendered in a single color; however, when it is important to add emphasis,
                  the color of one or two bars may be changed, depending on what the IP wants
                  to emphasize (for example, identifying the largest, smallest, or otherwise
                  significant group).

               
               
               
               A histogram is a graphic of a frequency distribution that looks
                  much like a bar graph. However, on a histogram, each bar represents a
                  different time interval, and there is no space between the intervals. IPs
                  use histograms to turn frequency tables into a graphic representation of
                  infections over time. Epidemic curves are one example of a histogram;
                  another can be seen in Exhibit 2-32.

               
               
               
               
                  Exhibit 2-32: Histogram[image: Histogram showing monthly reported cases from January to December. Highest cases in July, followed by August and May. December has the fewest. Bar heights vary, indicating seasonal trends.]
               
               
               
               
               Line
                     charts are excellent tools for IPs to use to display the same
                  data over time—for example, the rate of ICU CLABSIs over a year. When
                  creating a line chart, each time point should be equidistant from the
                  previous and next time points, with time running along the x axis.

               
               
               
               Using line charts can also help illustrate
                  the relationship between process improvement interventions and outcomes. To
                  do this, one can mark points of intervention—for example, when a gap
                  analysis was performed, when certain control measures are initiated, and so
                  forth. An example of a line chart can be seen in Exhibit 2-33.

               
               
               
               
                  Exhibit 2-33: Line Chart[image: Line chart of ICU CLABSI SIR from Jan–Dec. Peaks in Jan (0.937), Mar (0.920), and Jun (0.885); lows in May, Sep, and Dec. Annotations mark interventions: gap analysis (Jan), maintenance bundle (Apr), observations (Jul), vascular team (Oct).]
               
               
               

            
            

         
         
         
         
            
            
            Spot and Area Maps

            
            
            
            
               
               
               
               Being able to identify and plot the geographic locations
                  of disease and/or infection cases and exposures is a valuable tool for
                  outbreak investigations. This can help identify clusters and hotspots, which
                  can aid an IP and their investigative team’s ability to narrow case
                  definitions, identify sources of exposure, and more. The two most common
                  types of maps used in epidemiology are spot maps (sometimes known as spot
                  charts) and area maps.

               
               
               
               Spot maps use dots or other symbols to show
                  where each case-patient lives or was exposed. A spot map is an excellent
                  tool for illustrating the geographic distribution of cases. The scale of a
                  map can be anything from an urban area, to a county, state, country, and
                  even global. (The latter is not likely in outbreak investigations, but
                  perhaps in pandemics.) A spot map can use different colors or shapes to
                  signify cases and potential sources of infection. Creating a spot map could
                  be done digitally, or it could be done by sticking pins into a map on a
                  wall. An example of a spot map can be seen in Exhibit 2-34, which identifies cases and clusters in a metropolitan
                  area.

               
               
               
               
                  Exhibit 2-34: Spot Map[image: Spot map showing case distribution across a city. Includes legend for index cases, clustering, and space-time links. Streets are labeled, with clusters marked by numbered circles. Inset shows broader location in Queensland.]
               
                  Source: CDC, “Describing
                     Epidemiologic Data.”
                  

               
               
               
               
               It should be noted that spot maps do not
                  take into consideration the size of the population at risk, and therefore
                  they do not present information about the disease risk. In a densely
                  populated area, such as a large city, a high number of dots may not
                  necessarily indicate a high risk of infection. For example, 100 dots on a
                  map of Manhattan would not necessarily indicate a high risk, given that more
                  than 1.5 million people live on the island.

               
               
               
               A spot map is not only used on geographic
                  maps. It can also be used for tracking an outbreak in, for example, a
                  hospital or apartment building. Using a floor plan of the facility, the IP
                  and their team can plot where case-patients are located, thereby identifying
                  in which units, wards, and/or departments cases are appearing. An example of
                  a building spot map can be seen in Exhibit 2-35.

               
               
               
               
                  Exhibit 2-35: Building Spot Map[image: Building spot map showing labeled areas: dining, kitchen, PT room, and TV rooms in north and south wings. Green dots indicate case-resident locations. Main entrance is labeled at the bottom.]
               
                  Source: CDC, “Steps to an Outbreak
                     Investigation.”
                  

               
               
               
               
               To show rates of disease or infection in
                  different areas—for example, by neighborhood, county, state, or country—IPs
                  can use an area map. Area maps use different shades of
                  chosen colors to indicate different rates of infection (or other
                  disease/health condition), with the darker shades indicating higher rates or
                  an increasing disease burden. An example of an area map can be seen in Exhibit 2-36, showing an annual reported case
                  density of West Nile virus in the United States.

               
               
               
               
                  Exhibit 2-36: Area Map of West Nile Virus, Incidence of Reported Cases 2012[image: Color-coded U.S. map showing 2012 West Nile Virus incidence. States shaded in blue, with darker shades indicating higher case rates per 100,000 people. A legend explains the color scale.]
               
                  Source: CDC, “Summary of Notifiable
                     Diseases—United States, 2012.”
                  

               
               
               
               
               
                  Key Point

                  
                     
                     
                     The visual
                        representation of data better conveys the
                        significance of surveillance findings—and more
                        easily guides decision making—than the presentation
                        of the raw data set does.

                     
                     

               
               

            
            

         
         
   
      
         
         
         
         Statistical Process Control

         
         
         
         
            
            
            
            Statistical control refers to the stability
               and predictability of a process over time. Statistical process control (SPC) is a set of
               methods, such as a control chart, that can be used for improving systems,
               processes, and outcomes.

            
            
            
            The primary goal of SPC is to recognize and
               understand common cause and special cause variations that affect a process.
               Common cause variability represents the expected level of variability and is not
               due to external factors; rather, this variation is from internal factors
               inherent in the nature of the system. Special cause variations can be attributed
               to an external factor. A process with special cause variation is said to be out
               of statistical control. Examples of special cause variation include human error
               and mechanical malfunction.

            
            
            
            
               Key Point

               
                  
                  
                  
                  A critical concept of SPC
                     is that special causes can be determined and eliminated to
                     bring a process back into statistical control. It is also
                     important to understand that just because a process may be
                     in statistical control, it is not necessarily acceptable.
                     SPC techniques can be used to identify a process that could
                     benefit from improvement based on its common cause
                     variation.

                  
                  

            
            
            
            An example is CLABSI
               performance. There are best practices for the insertion and maintenance of a central
               line that can lower the risk of CLABSI. If the insertion and maintenance practices
               are consistent each month, then the CLABSI SIR/rate is similar each month (i.e.,
               there is little variation). As long as the practices remain consistent, the future
               CLABSI SIR/rate should also be similar. If there is an external event, such as the
               introduction of a new central line dressing change kit with no nursing education,
               there could be increased variance in central line maintenance compliance. This in
               turn could lead to higher CLABSI SIR/rates. This may be an example of special cause
               variation because of the larger-than-normal variation observed, but a control chart
               is needed to validate this hypothesis.

            
            

         
         
         
         
         
            
            
            Control Charts

            
            
            
            
               
               
               
               Control
                  charts, also called process control charts, are an important tool in SPC. Control
                  charts are similar to run charts, which track data points over a regular time-series
                  of observations to show trends. However, unlike run charts, control charts include
                  standard deviations (SD), that is, a measure of the amount of variation in the set
                  of values, plus control limits. Exhibit 2-37 shows an example of a control chart that indicates the mean of
                     the values as well as one, two, and three standard deviations from the mean for
                     each data point, plus a control limit.

               
               
               
               
                  Exhibit 2-37: Control Chart with Special Cause Variation[image: Control chart showing rate per 1,000 resident-patient-days over time. Green line fluctuates around the mean. Includes UCL and SD lines. Annotations note special cause variations, including a point above UCL and two of three points above +2 SD.]
               
                  Source: Timothy L. Wiemken and
                     Robert R. Kelley, “Process Control Charts,” in APIC Text, K. M. Boston et al, eds., 2014.
                  

               
               
               
               
               Note the term
                  UCL in the exhibit. This stands for upper control limit, and it is the limit set at
                  +3 SD from the mean above which any single data point will be considered out of
                  control. A chart may also have a lower control limit (LCL), which would be –3 SD
                  from the mean, and any data point below this limit will also be considered out of
                  control.

               
               
               
               
                  Key Point

                  
                     
                     
                     At least 25 data
                        points are necessary to construct a proper control
                        chart. With fewer than 25 data points, it is
                        difficult to detect special cause variation.

                     
                     

               
               
               
               Here are the
                  rules to detect special cause variation in a control chart. (Note that Exhibit 2-37 has examples of the first two of these
                  rules.)

               
               
               
               
                  
                  
                  	
                     
                     
                     Any point above the UCL or below the
                        LCL.

                     
                     

                  
                  
                  
                  	
                     
                     
                     One of two points above +2 SD or below
                        –2 SD.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Four of five points above +1 SD or
                        below –1 SD.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Eight consecutive points above or below
                        the mean/center line.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Six consecutive points increasing or
                        decreasing.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Fifteen consecutive points between +1
                        SD and –1 SD.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Fourteen consecutive points alternating
                        up and down.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Eight consecutive points above +1 SD
                        and/or below –1 SD.

                     
                     

                  
                  

               
               
               
               Not all
                  special cause variation is necessarily bad. For example, if the IP is monitoring
                  rates of C. difficile
                  toxin-positive specimens from the microbiology laboratory and the data meet Rule 4
                  (eight consecutive points fall below the mean), special cause variation has been
                  detected. However, since the rule violated includes data being below the center
                  line, the rate of C. difficile
                  toxin-positive specimens is less than expected, which is good. Finding this special
                  cause might enable it to be adopted into the relevant policy/procedure.

               
               

            
            

         
         
         
         
            
            
            Control Chart Types

            
            
            
            
               
               
               
               The type
                  of control chart is determined by the type of data being analyzed, either
                  variable or attribute. Variable data is also known as measurement data, and it
                  can be measured along a continuous scale. Attribute data is also known as
                  discrete or count data. This type of data relates to attributes that can be
                  classified into categories, such as the number of needlestick injuries or
                  HAIs.

               
               
               
               P charts and U
                  charts are used for attribute data, and X-R charts are used for variable data when
                  the number of observations is less than 10.

               
               

            
            

         
         
   
      
         
         
         
         Internal and External
            Reports

         
         
         
         
            
            
            
            It is the responsibility of all IPs to be familiar
               with relevant internal and external reporting structures. Reporting is not a
               one-off process completed during surveillance or outbreak management. Rather,
               the IP and their team should prepare reports in conformance with the
               requirements of key stakeholders. If investigations require the creation and
               dissemination of a report—for example, if certain control measures need to be
               implemented—the report should properly and clearly explain the recommendations.
               Reports can help to get administrative buy-in for new, additional, or enhanced
               control measures; to prepare departments for appropriate resource allocation;
               and to ensure that HCP involved in implementing new control measures have the
               needed knowledge and training.

            
            
            
            
               Key Point

               
                  
                  
                  Communication is an essential
                     component of any surveillance or outbreak investigation.
                     IPs must know what to report, how and when to report,
                     and to whom they should report. IPs familiarize
                     themselves with internal and external reporting
                     requirements in order to ensure that relevant
                     stakeholders and partners receive the information they
                     need.

                  

            
            

         
         
         
         
         
            
            
            Internal Communications

            
            
            
            
               
               
               Internal
                     reporting and communication is an ongoing responsibility of all IPs. Surveillance data, once collected, analyzed, and compiled into
                     significant findings, should be shared with relevant internal
                     stakeholders—specifically, at IPC committee meetings, quality assessment and
                     assurance (QAA) or quality assurance and performance improvement (QAPI)
                     meetings, and with other relevant frontline personnel who have the greatest
                     potential for improving infection prevention practices. These stakeholders include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Facility administration. For resource
                        allocation and in order to ensure that risk management, patient safety, and public affairs
                        staff members may be notified and at the ready. 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Laboratory services. For resource
                        allocation and in order to ensure that staff can be prepared to perform
                        additional tests and save relevant isolates.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Pharmacy. To coordinate regarding
                        antimicrobial stewardship and in order to ensure that staff can be prepared
                        to provide medications (as well as ensure that medication supplies are
                        sufficient).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Clinicians/healthcare partners. To encourage cooperation both during and after the
                           investigation.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Risk management. To
                           prepare for any potential lawsuits that may arise from an HAI, to
                        share knowledge and advice, and to keep essential records secure.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Public relations/press office. To share
                        any relevant investigation information or
                        processes and so that the public relations team is kept informed to handle
                        media inquiries.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Food/dining services. To keep relevant
                        staff informed in the event that the outbreak or HAI
                           event is related to a gastrointestinal infection, and to share recent
                           inspection findings. If any special precautions or changes are
                        needed with regard to food services (dining situation, food preparation or
                        storage, etc.), these should be communicated as soon as possible.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Maintenance. To keep maintenance staff
                        informed about any control measures that will affect their ability to
                        maintain the facility (e.g., additional barrier requirements).

                     
                     

                  
                  

               
               
               
               The IP should also be prepared to share their
                  findings and reports with other stakeholders in the facility as the need arises. For
                  example, if new materials are required (additional PPE, new cleaning agents, etc.),
                  then the IP should consult with the healthcare facility’s purchasing authority to
                  manage and approve these acquisitions. If the facility has volunteers, they should
                  be informed of new control measures that may have an impact on their
                  interactions with patients.

               
               

            
            

         
         
         
         
            
            
            External Communication
               

            
            
            
            
               
               
               
               Communication with external and public
                  stakeholders is often a collaborative process. There are certain external
                  agencies that issue rules and
                  regulations that must be followed; the IP might also need to
                     submit reports about notable events and infections to these or other
                     organizations. 

               
               
               
               The collaborative relationships between
                  healthcare facilities and local, regional, and national organizations are especially valuable, because the IP can request
                  assistance from these public bodies if their healthcare facility is unable to combat
                  an outbreak by itself or if a medical event expands beyond the confines of a single
                  facility, as during a pandemic. Depending on the nature of the
                     outbreak or HAI event, the regional health department might decide that the
                     situation requires national involvement, at which point they would then contact
                     the relevant agencies, who would begin to collaborate with the IP to help
                     control and end the outbreak.

               
               
               
               Local and regional health departments, as
                  well as other national agencies and organizations, are able to provide healthcare
                  facilities with various kinds of support during outbreaks and other surveillance
                  activities (prevalence cultures, for example). They may also provide free testing
                  for certain pathogens and infections (for example, MDRO point prevalence testing,
                  lab testing for SARS-CoV-2 or other respiratory pathogens, testing for Legionella and other waterborne
                  pathogens, norovirus, etc.). Health departments may also be able to provide
                  additional resources, such as supplemental education and surveillance materials
                  (checklists, forms, etc.).

               
               
               
               The IP will have to manage any local,
                  regional, and national reporting requirements (along with those arising from
                  accreditation bodies) related to healthcare facilities and infectious disease
                  events. Though reporting requirements are commonly understood
                     as requirements to report given information, IPs must be aware of
                     regulations regarding things like patient privacy (i.e., HIPAA in the U.S. or
                     the GDPR in the European Union), which require that sensitive patient
                     information is not released publicly. These can vary widely
                  depending on the region in which the facility is located. IPs should, therefore,
                  have a keen understanding of the relationship between public health bodies and
                  healthcare facilities; this is especially true when an outbreak is underway.

               
               

            
            
            
            
               
               
               Reporting

               
               
               
               
                  
                  
                  IPs must be familiar with the reporting
                     requirements their facility is subject to. These typically include requirements
                     of:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Local/county health departments.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Regional health departments.

                        
                        

                     
                     
                     
                     	
                        
                        
                        A national health surveillance reporting
                           system (e.g., state health department, governmental agencies).

                        
                        

                     
                     

                  
                  
                  
                  Most regional governments have dedicated websites
                     related to their reporting requirements. Some prioritize the
                        infections and events that are most common in their regions, while others
                        provide more broad information, resources, and reporting guidelines. 

                  
                  
                  
                  Mandatory and public reporting requirements are an
                     important component of any surveillance program or outbreak investigation. Depending
                     on the location of the healthcare facility, the local and regional reporting
                     requirements are likely to vary. (All facilities must comply with national
                     requirements.) And reporting requirements may present technical or
                     resource-related challenges, as additional data collection or paperwork may be
                     required.

                  
                  
                  
                  Over the past couple of decades, many
                     jurisdictions have passed legislation requiring healthcare facilities to report data
                     on HAIs, epidemiologically significant organisms (carbapenem-resistant
                     Enterobacteriaceae, or CRE, for example), and related quality measures (immunization
                     rates for healthcare personnel, hand hygiene compliance, etc.). IPs should familiarize
                     themselves with their region’s specific
                     reporting requirements, information about which may be obtained from the quality
                     measurement agencies and health departments in their region.

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Sharing appropriate surveillance information with internal and
                           external stakeholders ensures that others can prepare and allocate resources; it
                           can also help expand surveillance activities to acquire additional relevant and
                           meaningful data.

                        
                        
                        
                        Mandatory reporting
                           requirements ensure that healthcare facilities are in compliance with local and
                           national standards.

                        
                        

                  
                  

               
               

            
            

         
         
   
      
         
         
         
         Section I: Emergency Preparedness

         
         
         
         
            
            
            
               After completing this section,
                  learners will be able to:
               

            
            
            
            
               
               
               	
                  
                  
                  Collaborate with key stakeholders on
                     emergency preparedness and management:

                  
                  
                  
                  
                     
                     	
                        
                        
                        Plan for the influx/surge of
                           patients with known/suspected communicable diseases (e.g., due to
                           bioterrorism, emerging infectious diseases, syndromic
                           surveillance).

                        
                        

                     
                     
                     	
                        
                        
                        Identify infection prevention’s
                           role in mass casualty incidents and emergency/disaster
                           management.

                        
                        

                     
                     
                     	
                        
                        
                        Assess readiness of emergency
                           management plans.

                        
                        

                     
                     
                     	
                        
                        
                        Establish infection prevention
                           coverage in emergency situations.

                        
                        

                     
                     
                     	
                        
                        
                        Integrate infection prevention
                           strategies into the four phases of emergency/disaster response in
                           the emergency operations plan.

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Collaborate with relevant groups and
                     agencies in planning community/facility responses to biologic threats and
                     disasters (e.g., public health, anthrax, influenza, emerging pathogens).

                  
                  

               
               

            
            
            
            In this section, we discuss the need for
               emergency preparedness at healthcare facilities, the role of the IP in emergency
               preparedness, disaster scope and types, emergency management plan types, and the
               healthcare facility emergency management plan. These facility plans have several
               phases: pre-emergency planning (mitigation), preparedness, response, and recovery.
               Note that risk assessments are addressed in Module 3.

            
            

         
         
         
         
   
      
         
         
         
         Need for Emergency
            Preparedness

         
         
         
         
            
            
            
            A healthcare facility’s need for preparedness for such
               events as hurricanes, earthquakes, fires, infectious disease outbreaks,
               bioterrorism, chemical emergencies, or other types of disasters mandates a
               comprehensive emergency preparedness plan. Disasters, both natural and human-made,
               disproportionately impact patients who have limited mobility, frailty, decreased
               sensation, or possible cognitive impairment.

            
            
            
            The facility administrator, safety officer,
               emergency manager, or other designee should develop an emergency operations plan
               (EOP) that provides for the safety and protection of patients, HCP, and visitors
               in cases of both internal and external emergencies. This plan should be
               coordinated with regional and local departments of public health, the local
               office of emergency management, and local fire and other emergency response
               agencies. Procedures should be developed to ensure that all patients and staff
               are properly informed about the nature of the emergency, the facility’s
               response, and the action required. The EOP should include special measures for
               those who have physical or other impairments.

            
            
            
            National requirements typically mandate
               that facilities have detailed written plans and procedures to meet all potential
               emergencies and disasters (including fires, severe weather, and missing
               patients). All HCP must be trained in emergency procedures when they begin to
               work in the facility. In addition, facilities must periodically review the
               procedures with existing staff and carry out unannounced staff drills using
               those procedures.

            
            
            
            Nations and regions often have specific
               emergency preparedness requirements, and large insurance payors may set similar
               conditions for participating providers and certified suppliers. Such requirements
               mandate planning
               adequately for both natural and human-caused disasters and coordinating with
               national, regional, tribal, and local emergency preparedness systems. The
               requirements tend to focus on elements necessary for maintaining access to
               healthcare during disasters or emergencies, including:

            
            
            
            
               
               
               	
                  
                  
                  Safeguarding human resources.

                  
                  

               
               
               
               	
                  
                  
                  Maintaining business
                     continuity.

                  
                  

               
               
               
               	
                  
                  
                  Protecting physical resources.

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Need for Infection Preventionists in Emergency
               Preparedness
               

            
            
            
            
               
               
               
               The unique skill set of IPs enables them to better
                  prepare for and respond to different types of mass casualty incidents. As experts
                  in
                  the fields of surveillance and epidemiology, IPs are responsible for investigating
                  outbreaks and initiating interventions to prevent the transmission of infections.
                  Because the infectious disease impact of a mass casualty incident will vary
                  depending on the nature of the event, IPs must be familiar with the consequences of
                  different types of disasters and mass casualty incidents.

               
               
               
               
                  Key Point

                  
                     
                     
                     While interventions will
                        vary with different types of disasters, the general
                        principles of surveillance and epidemiology remain the
                        same.

                     
                     

               
               
               
               Most infection preventionists will act as a consultant to
                  the hospital emergency
                  management planning committee and will be responsible for assessing the EOP in
                  regard to preventing infection transmission during emergency situations. IPC should
                  be involved in assessing the risk and developing the emergency operations plan as
                  well as all other aspects of preparedness. In many jurisdictions, the facility- and
                  community-based risk assessments must use an all-hazards approach to evaluate the
                  facility’s ability to maintain continuity of operations and secure required supplies
                  and resources during an emergency or natural disaster. An all-hazards approach is an integrated emergency
                  preparedness approach that builds capabilities and capacities to address the full
                  spectrum of risks or disasters. Such an approach focuses on response capacities and
                  mitigation efforts, which is what enables a facility to be prepared for any type of
                  hazard. 

               
               
               
               The hazard vulnerability assessment should include aspects of hospital readiness that
                  relate to infection prevention—such as the location, number and
                     accessibility of hand hygiene stations and products, isolation rooms/areas, and
                     others.

               
               
               
               The IP may have the following roles in disaster
                  preparedness:

               
               
               
               
                  
                  
                  	
                     
                     
                     To participate in disaster planning,
                        response, and recovery planning and training.

                     
                     

                  
                  
                  
                  	
                     
                     
                     To develop alternate policies related
                        to IPC during an emergency event. These may include screening and triage
                        protocols, outbreak investigation, surge capacity for airborne infectious
                        disease containment, and alternate means of hand hygiene in disasters, among
                        others.

                     
                     

                  
                  
                  
                  	
                     
                     
                     To create a surveillance program to
                        ensure that appropriate indicators are used to control infectious disease
                        occurrences. IPs also conduct surveillance to monitor and track patients’
                        conditions to prevent the spread of infectious diseases.

                     
                     

                  
                  
                  
                  	
                     
                     
                     To assess readiness and develop
                        emergency management plans to mitigate potential mass casualties due to
                        transmission of infection and to manage patient surge.

                     
                     

                  
                  
                  
                  	
                     
                     
                     To control the impact of infectious
                        disease casualties in the event of a disaster such as by ensuring that
                        isolation precautions, when indicated, are instituted.

                     
                     

                  
                  
                  
                  	
                     
                     
                     To be prepared to make crisis
                        standard-of-care decisions—for example, allocating limited or scarce
                        resources where they will be most effective.

                     
                     

                  
                  
                  
                  	
                     
                     
                     To be prepared to guide, manage, and
                        supervise responders during a disaster. IPs must be knowledgeable of
                        emergency management procedures and policies and familiar with the potential
                        consequences of different kinds of emergencies.

                     
                     

                  
                  
                  
                  	
                     
                     
                     To have protocols in place for triage
                        to minimize the risk of disease transmission during surges of injured or
                        infected individuals.

                     
                     

                  
                  
                  
                  	
                     
                     
                     To manage the physical environment
                        (e.g., monitor personal protective equipment and other supplies, verify
                        proper management of trash and medical waste, and assess potable water
                        status, environmental contamination, and the potential risks of higher
                        levels of bioburden resulting from a shortage of available environmental
                        services staff).

                     
                     

                  
                  
                  
                  	
                     
                     
                     To educate and train critical HCP and
                        potential respondents on IPC strategies. This is one of the IP’s primary
                        roles, as they may function as SMEs for infectious disease, depending on the
                        characteristics of the facility.

                     
                     

                  
                  
                  
                  	
                     
                     
                     To report updates internally and
                        externally (e.g., public health, emergency management government agencies,
                        fire department, local emergency operations center). 

                     
                     

                  
                  

               
               
               
               Historically, the role of the IP in emergency
                  management has centered more on disaster response than on mitigation, planning, or
                  disaster recovery. This is primarily because most disasters, such as famine or
                  earthquakes, do not involve a communicable disease component or have a large
                  infectious disease impact. As a result of the increased threat of a biological event
                  (bioterrorism, outbreak of an emerging infectious disease, or pandemic), a shift has
                  occurred in emergency management. IPC and epidemiology are being seen as more
                  critical components of emergency management. The role of IPs has broadened to
                  include mass casualty event preparedness responsibilities in addition to response
                  duties.

               
               
               
               A facility-wide all hazard risk assessment,
                  sometimes called a hazard vulnerability assessment, should be performed annually.
                  The infection prevention and control component of the analysis should include
                  pandemic preparedness assessments. 

               
               

            
            

         
         
         
   
      
         
         
         
         Disaster Scope and
            Types

         
         
         
         
            
            
            
            The role of the IP in disaster recovery will vary
               depending on the type and scope of the event. Small incidents with no infectious
               disease process will likely require little IP involvement. Some healthcare
               facilities, however, may designate the IP as the technical specialist or assign the
               IP another role in the command structure.

            
            
            
            
               Key Point

               
                  
                  
                  Natural disasters may take many
                     forms, and whether or not they are a concern for a
                     facility depends heavily on the facility location and
                     characteristics. In emergencies such as issues with
                     water supply or an electrical outage, the IP may have an
                     assigned role, such as to prevent/control waterborne
                     illness or food/vaccine spoilage. The IP (and all other
                     facility HCP) should be aware of the specific risks to
                     their facility and their duties during any emergencies
                     that may occur.

                  

            
            
            
            IPs can leverage a number of resources to
               help them provide IPC guidance to emergency preparedness efforts. One example is
               the CDC’s Clinician Outreach and Communication Activity (COCA) program, which
               provides evidence-based public health emergency messages to clinicians and many
               other tools, such as communications strategies, conference calls, newsletters,
               continuing education opportunities, and email technical support.

            
            
            
            We next look at specific disasters that may
               require significant IP involvement.

            
            

         
         
         
         
         
            
            
            Emerging Infections
               

            
            
            
            
               
               
               
               The impact of emerging infections depends
                  on the agent involved and the size of the event. Many factors affect the
                  emergence of infectious diseases, including social (war, human migration,
                  urbanization), microbial (genetic mutation, recombination, and assortment;
                  antimicrobial use), and environmental (earthquakes, floods, deforestation,
                  changes in animal/insect populations) determinants.

               
               
               
               One of the largest factors affecting
                  the emergence of new and evolving pathogens is climate change. Climate
                  change affects human and animal health both directly and indirectly. Rising
                  temperatures have spurred an increase in weather-related disasters, such as
                  hurricanes, floods, and droughts, resulting in human disease and mortality.
                  In addition, climate change has resulted in migration of animals and insects
                  that has led to increases in zoonotic and vector-borne diseases. For
                  example, a global increase of Aedes mosquitos has been linked to malaria, dengue fever, Zika, and
                  other vector-borne diseases.

               
               

            
            

         
         
         
         
            
            
            Pandemics

            
            
            
            
               
               
               
               While interventions will vary with
                  different types of disasters, the general principles of surveillance and
                  epidemiology remain the same. During the 20th century, three influenza pandemics
                  (in 1918/1919, 1957/1958, and 1968/1969) resulted in 53 million deaths
                  worldwide. In 2009, a new strain of influenza A (H1N1) emerged and quickly
                  became a pandemic, resulting in 151,700 to 575,000 deaths worldwide. The
                  SARS-CoV-2 pandemic began in 2019 and within a year reached all seven
                  continents.

               
               
               
               Outbreaks have the capability of evolving into
                  pandemics if they are left undetected or uncontrolled, if reporting is not
                  timely, or if guidance is not acted upon. For example, a 2014 Ebola outbreak
                  began in a rural area in southeastern Guinea before crossing borders to the
                  neighboring countries of Liberia and Sierra Leone and then jumping to another
                  continent. Rapid reporting of clusters of cases of unknown diseases in countries
                  at risk of disease emergence, or “hot zones,” can help to reduce the risk of
                  disease transmission by enhancing prompt implementation of containment measures
                  where needed. Access to accurate real-time data for pandemic response is
                  critical.

               
               
               
               
                  Key Point

                  
                     
                     
                     As experts in the
                        fields of communicable diseases, infection prevention
                        and control, and epidemiology, infection preventionists
                        are poised to be at the forefront of an infectious
                        disease disaster. As such, they must embrace their role
                        as experts in infectious disease emergency management
                        and assist their healthcare facility or community in
                        becoming better prepared to rapidly, appropriately, and
                        effectively respond.

                     
                     

               
               
               
               Influenza pandemics are unpredictable but
                  recurring events with significant consequences for human health and economic
                  well-being. Advance planning and preparedness are critical to help mitigate the
                  impact of a pandemic. Tools have been created by the World Health Organization
                  (WHO) and other authorities to help nations prepare for the next influenza
                  pandemic.

               
               
               
               The IP’s role in preparing for an
                  infectious disease pandemic will vary depending on the nature of the infection and
                  the potential for disease transmission. Pandemic planning checklists are available
                  (from government or other sources of authoritative guidance). Such checklists
                  typically start by identifying the pandemic coordinator and the response team, which ideally includes the IP, the facility administrator, the
                     medical director, the hospital epidemiologist (if this is a staff position),
                     someone from nursing administration, and representatives from occupational
                     health and safety, human resources, environmental services, facility maintenance
                     and engineering, the dietary department, the pharmacy, the rehabilitation team,
                     transportation services, purchasers, and others. The checklist should have space for identifying
                  local and regional health departments, emergency preparedness groups, and key public
                  health contacts for the healthcare facility. The checklist should also identify
                  which stakeholders have primary responsibility over specific items in the list.

               
               
               
               A checklist should, broadly speaking,
                  address personnel, patient management, and services and resources. Here are some
                  key points and components that should be included in a pandemic planning
                  checklist, some of which are adapted from a checklist developed by the Greater
                  New York Hospital Association (GNYHA) and from additional CDC
                  recommendations:

               
               
               
               
                  
                  
                  	
                     
                     
                     Include copies of relevant material
                        from the nation’s pandemic preparedness plan.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify specific individuals to
                        monitor national and regional public health advisories and specific
                        individuals who are authorized to trigger the plan.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Review and update, if needed, IPC
                        plans and policies on standard and transmission-based precautions as
                        well as other applicable control measures (e.g., respiratory
                        hygiene/cough etiquette practices for a respiratory illness
                        pandemic).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Recommend that the healthcare
                        facility consider implementing a mandatory vaccination policy for all
                        HCP if an approved vaccine is available.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify subject matter experts to
                        whom HCP and others can turn for advice and guidance on specific issues
                        that arise during the pandemic.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Create clear communication plans,
                        including regular staff communication, patient communication (this may
                        be needed in multiple languages), visitor communication, communications
                        for the surrounding community, dissemination and clear display of
                        relevant information (especially risk and changes in guidance and
                        policy), and clearly defined engagement with the public
                        affairs/relations team.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Develop staffing policies, including
                        essential staffing (modification of responsibilities and hours, adapted
                        in discussion with union/labor relations); staff assignments (e.g., if
                        staff should be assigned to only pandemic-related units/patients or to
                        non-pandemic-related units/patients to control transmission); staff
                        wellness (stress and mental health management, maintenance of morale);
                        procedures for expediting the credentialing and training of non-facility
                        staff during a staffing crisis; just-in-time education/training (e.g.,
                        when guidance changes, specimen collection); and a plan for
                        cross-training staff.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Develop clearly defined patient
                        management policies and procedures, including maintenance of services
                        for at-risk populations during the pandemic; rapid discharge; alternate
                        care systems (e.g., telehealth); mass fatality management (assessment of
                        the facility’s capacity to handle an increase in fatalities); surge
                        management, including official notification of changes in bed
                        availability/capacity; cohorting of symptomatic patients; policies and
                        procedures to manage visitation; and relevant pandemic education for
                        patients and family members.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Create resource management plans that
                        include careful management and tracking of resource supply (especially
                        PPE, which could become scarce), correct use of and supply maintenance
                        of EPA-approved disinfectants and other resources, appropriate rotation
                        of relevant supplies (e.g., pharmacy supplies), and management of
                        stockpiles.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Document and clearly define changes to
                        services, for example, curtailing certain services (limiting or
                        postponing elective services, possible closure of certain
                        units/departments) or planning for service changes due to staff
                        shortages or increased demand (e.g., pharmacy, respiratory services,
                        etc.).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Develop policies and procedures for
                        triggering changes in standards of care, including triage decision
                        making (for example, who has this authority and responsibility and how
                        they are to communicate it to relevant stakeholders).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Incorporate contingency plans for
                        emergency power needs (e.g., use of generators and education in their
                        use) and what to do if services are disrupted by power outages.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Include facility security information
                        and policies, including access limitations (for staff, vendors,
                        visitors), pre-screening, coordination and communication with law
                        enforcement and emergency services, crowd direction, and lockdown
                        procedures.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Develop a surveillance plan for HCP
                        and patient pandemic detection and to internally review for transmission
                        between persons at the facility. It should include a way to implement
                        prevention interventions such as isolation or cohorting. There should be
                        written protocols for monitoring prevalent illnesses, for evaluation of
                        incoming patients, and for evaluation and diagnosis of pandemic illness
                        in HCP and patients. A tracking and detection system can help ensure
                        sufficient HCP staffing.

                     
                     

                  
                  

               
               
               
               Each healthcare facility should adapt this
                  checklist to meet its needs based on circumstances that include such factors as
                  patient characteristics, facility size, scope of services, and hospital
                  affiliation. Healthcare facilities should also incorporate information about
                  requirements from regional and local health departments and emergency management
                  agencies/authorities to ensure that the facility’s plan is in line with other
                  community and regional planning efforts.

               
               

            
            

         
         
         
         
            
            
            Bioterrorism

            
            
            
            
               
               
               
               The CDC defines a bioterrorism attack as the “deliberate
                  release of viruses, bacteria, or other germs (agents) used to cause illness
                  or death in people, animals, or plants.” The CDC categorizes these pathogens
                  into A, B, or C categories based on the threat they pose. While these agents
                  are typically found in nature, they could be modified to increase their
                  ability to cause disease or spread into the environment or to make them
                  resistant to current medicines.

               
               
               
               IPs play an essential part in planning
                  and preparing for biological disasters. Many of the requirements are
                  essential steps in or components of a general emergency management plan.
                  According to the CDC’s Bioterrorism Readiness Plan template, the following
                  components are especially important when planning for bioterrorism
                  events:

               
               
               
               
                  
                  
                  	
                     
                     
                     Reporting requirements and contact
                           information. Facilities should collect internal and external
                        contact information (email addresses, phone numbers, street
                        addresses). This would include local, state, and national health
                        departments, national and local law enforcement, and medical
                        emergency services.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Potential agents. Plans should
                        include information related to common bioterrorism agents, including
                        their mode of transmission, symptoms, preventive measures, special
                        control measures, post-exposure management, and lab
                        support/confirmation information. Plans should be updated when
                        additional agents are identified.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Detection of outbreaks.
                        Bioterrorism events can be covert (unannounced) and also overt
                        (announced), and plans should include contingencies for each.
                        Syndromic surveillance can be used to identify potential cases prior
                        to confirmation, which allows for faster action. Cases should then
                        be assessed using epidemiological principles (for example, by
                        identifying rapidly increasing incidence, significant changes in
                        epidemic curves, or patient clusters).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infection control practices. The
                        facility should institute isolation precautions for suspected cases,
                        and standard precautions should be followed and carefully monitored
                        (especially hand-washing and PPE use). Procedures and policies will
                        be needed related to patient placement and transportation; cleaning,
                        disinfection, and sterilization of equipment/environment, using
                        appropriate EPA-registered cleaning agent(s); bioterrorism-related
                        discharge management policies; and post-mortem protocols. (The
                        pathology department will have to be notified of the potential agent
                        and will need to take appropriate precautions; funeral directors
                        should also be notified.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Post-exposure management. Plans
                        should include procedures and policies for appropriate
                        decontamination of patients and the environment; information and
                        policies related to prophylaxis and post-exposure immunization;
                        strategies for triage and management of large-scale and suspected
                        exposures; and strategies for managing and mitigating the
                        psychological aspects and impact of bioterrorism.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Laboratory support and
                           confirmation. Plans should include the appropriate, safe
                        methods for obtaining diagnostic samples (based on the suspected
                        bioterrorism agent), lab criteria for processing potential
                        bioterrorism agents, and information and policies related to
                        specimen transport requirements.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Patient, visitor, and public
                           information. Strategies and policies related to the sharing
                        and dissemination of clear, consistent, and understandable
                        information (e.g., via fact sheets) to patients, visitors, and
                        general public must be developed.

                     
                     

                  
                  

               
               
               
               Additional components that could be
                  incorporated into a bioterrorism response plan include facility assessments,
                  drills, screening protocols, crisis management, food and water safety,
                  environmental decontamination, prioritization of limited supplies of
                  anti-infective therapy, and development of crisis standards of care that
                  affect infection transmission.

               
               

            
            
            
            
               
               
               Surveillance for Bioterrorism: Identifying Date, Location, and
                  Potential Sources

               
               
               
               
                  
                  
                  Hospitals and clinics can have the first
                     opportunity to recognize and initiate a response to a bioterrorism-related outbreak,
                     and therefore they have an important role to play in the surveillance and reporting
                     of potential bioterrorism attacks/events.

                  
                  
                  
                  The IPC program is critical to early recognition,
                     isolation, and treatment in the case of a biological attack and is essential to
                     reduce the spread of infection. The IP can provide assistance in the form of
                     infection prevention expertise and knowledge. They can assist with the assessment
                     of
                     whether a patient’s presenting illness (signs and symptoms) is typical of an endemic
                     disease or if it is an unusual event that should raise concern. If a bioterrorism
                     event is suspected, the IP should move quickly to initiate the hospital Incident
                     Command System and activate a network of communication that involves IPC personnel,
                     healthcare administration, local and state health departments, and other relevant
                     government agencies. Existing local emergency plans should be reviewed and a
                     multidisciplinary approach outlined that includes local emergency medical services
                     (EMS), police and fire departments, and media relations in addition to healthcare
                     providers and IPC professionals. Early control measures should be initiated
                     immediately.

                  
                  
                  
                  All suspected biological agents require the use
                     of standard precautions; some necessitate a higher level of isolation. Patients with
                     suspected or confirmed cutaneous anthrax, for example, require contact isolation,
                     while smallpox would require combined use of standard, contact, and airborne
                     precautions until all scabs have separated. There are certain agents for which more
                     protective precautions may be necessary. Once notified, the facility’s IP should be
                     on alert for signs of a possible bioterrorism-related outbreak, such as rapidly
                     increasing disease incidence, especially at uncharacteristic times, or relatively
                     uncommon disease presentation or rapidly fatal cases.

                  
                  
                  
                  It is important to note that an IP would not be
                     responsible for identifying a bioterrorist incident on their own. Rather,
                     bioterrorism-related events are managed by a multidisciplinary team. The IP provides
                     epidemiological skills and expertise in support of the team engaged in the
                     identification of when and where the release of a biological agent has occurred or
                     the source/vector of an emerging pathogen. This information is critical to
                     determining at-risk groups, control measures, and (depending on the agent) who needs
                     to be vaccinated and/or receive prophylaxis. To determine when and where the
                     exposure took place, a thorough patient history of any and all victims of the
                     bioterrorism attack must be taken. This history should focus on:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Past and current symptoms.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Date of symptom onset.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Severity of illness.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Possible source of exposure.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Route of exposure (body site
                           affected).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Date and location of exposure.

                        
                        

                     
                     

                  
                  
                  
                  For example, a new painless necrotic lesion on
                     the arm might indicate cutaneous anthrax, whereas respiratory symptoms with an
                     accompanying widened mediastinum on chest radiograph would suggest inhalation
                     anthrax. Both diseases result from exposure to the same agent, but the route of
                     exposure is different.

                  
                  

               
               
               
               
                  
                  
                  Anthrax Bioterrorism Attack Example

                  
                  
                  
                  
                     
                     
                     Bioterrorism has the potential to result in
                        high morbidity and mortality, because aerosolized biological agents can infect or
                        kill many people in a short period of time. Even non-aerosolized attacks, such as
                        the 2001 anthrax attack (in which anthrax-laden letters were mailed to media
                        organizations and politicians in the United States), can result in morbidity,
                        mortality, and the need to formulate a significant healthcare, public health, and
                        emergency management response. If a contagious agent (e.g., aerosolized plague or
                        smallpox) is involved, the epidemiological investigation will be quite different
                        than if a noncontagious agent (e.g., anthrax) is involved.

                     
                     
                     
                     The 2001 bioterrorism anthrax attack caused 22
                        cases of anthrax and five deaths, required the distribution of more than 10,000
                        doses of post-exposure prophylaxis, and cost more than $2.5 billion, yet it was,
                        essentially, a small event involving the use of only two to three ounces of anthrax
                        spores. An aerosolized release over a city could result in far more exposures,
                        infections, and deaths. The decontamination portion of this cost was estimated at
                        $320 million and involved fumigation with vaporized hydrogen peroxide, chemical
                        decontamination using multiple products, and autoclaving. However, indoor
                        decontamination is needed only in areas exposed to anthrax due to the bioterrorism
                        release; the hospital patient
                        care environment is not a risk of secondary spread of anthrax because no form of
                        anthrax is spread by the indirect contact route. Therefore, only routine cleaning
                        of
                        patient care rooms is
                        needed for patients with
                        anthrax.

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Chemical Emergencies
               

            
            
            
            
               
               
               
               A chemical emergency can occur accidentally or
                  as part of a bioterrorism event. The signs and symptoms of a chemical emergency
                  most likely include a large number of HCP or patients experiencing watery eyes,
                  twitching, choking, difficulty breathing, or loss of coordination. Dead birds
                  and/or animals can also indicate a possible chemical emergency. Such emergencies
                  often impact not only the healthcare facility but also the surrounding
                  community.

               
               
               
               Preparing to evaluate and treat victims of
                  a chemical exposure incident is one aspect of hospital disaster preparedness. Healthcare facilities must
                  collaborate with local and state emergency management and public health officials
                  to
                  coordinate preparedness and response efforts. Chemical risks present in the
                  community, such as industrial sites or transportation routes, should be assessed in
                  the facilities hazard vulnerability analysis. It is important to develop chemical
                  disaster response guidelines as a part of the facility’s EOP and ensure adequate
                  training of staff members.

               
               
               
               Should a chemical emergency be suspected,
                  the public health response must be initiated immediately.

               
               
               
               IPs should follow a process that includes contacting poison control and Emergency
                  Medical Services for guidance on treating exposed persons and safe ways to remove
                  the chemical and clean the environment.

               
               

            
            

         
         
         
   
      
         
         
         
         Emergency Management Phases

         
         
         
         
            
            
            
            Individuals and families should have emergency
               management plans, as can the healthcare facility and the community.

            
            
            
            A personal/family emergency management plan
               is designed for an individual’s personal use. The plan should include a
               communication plan, a disaster supplies kit, and an evacuation plan. It should
               include provisions for backup care for children or adults (and pets) for which
               you are responsible in the event you are called in to work for an emergency
               during nontraditional working hours. Your personal plan should also include a
               supply of food and water, pet care, an out-of-region contact for your family,
               stores of medical equipment/supplies and personal protective equipment (PPE),
               and transportation.

            
            
            
            A healthcare facility emergency management
               plan is a plan that a healthcare facility would implement before, during, and
               after a mass casualty event. It is our main subject here.

            
            
            
            A community emergency management plan is a
               plan that a community would implement to prevent or control a mass casualty
               incident. It is a collaborative effort among traditional first responders (law
               enforcement, fire protection, and emergency medical services), healthcare
               facilities, public health officials, and other response agencies in a
               community.

            
            
            
            The IP is in a position to offer considerable
               expertise and knowledge to inform the development of emergency management plans.
               The following elements of an emergency management plan should receive input from
               the IP:

            
            
            
            
               
               
               	
                  
                  
                  Pre-emergency preparation

                  
                  
                  
                  
                     
                     	
                        
                        
                        Facility assessment/hazard
                           vulnerability assessment

                        
                        

                     
                     
                     	
                        
                        
                        Biological or chemical agent
                           disaster drills

                        
                        

                     
                     
                     	
                        
                        
                        Drafting of internal health
                           alert message strategies

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Round-the-clock infection control
                     coverage

                  
                  

               
               
               
               	
                  
                  
                  Outbreak investigation
                     coordination

                  
                  

               
               
               
               	
                  
                  
                  Developing and monitoring safe
                     specimen collection procedures

                  
                  

               
               
               
               	
                  
                  
                  Patient management

                  
                  
                  
                  
                     
                     	
                        
                        
                        Developing triage/screening
                           protocols

                        
                        

                     
                     
                     	
                        
                        
                        Patient contamination

                        
                        

                     
                     
                     	
                        
                        
                        Patient transport

                        
                        

                     
                     
                     	
                        
                        
                        Patient placement and
                           cohorting

                        
                        

                     
                     
                     	
                        
                        
                        Isolation and quarantine

                        
                        

                     
                     
                     	
                        
                        
                        Discharge management

                        
                        

                     
                     
                     	
                        
                        
                        Postmortem care

                        
                        

                     
                     
                     	
                        
                        
                        Pet management

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Developing crisis standards of care
                     that affect infection transmission

                  
                  

               
               
               
               	
                  
                  
                  Negative pressure surge capacity

                  
                  

               
               
               
               	
                  
                  
                  Resource management

                  
                  
                  
                  
                     
                     	
                        
                        
                        Anti-infective therapy supply
                           prioritization

                        
                        

                     
                     
                     	
                        
                        
                        Managing supply shortages

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Facility emergency management

                  
                  
                  
                  
                     
                     	
                        
                        
                        Food safety

                        
                        

                     
                     
                     	
                        
                        
                        Water management

                        
                        

                     
                     
                     	
                        
                        
                        Sanitation control

                        
                        

                     
                     
                     	
                        
                        
                        Environmental
                           decontamination

                        
                        

                     

                  
                  

               
               
               
               	
                  
                  
                  Occupational health/safety
                     procedures

                  
                  

               
               

            
            
            
            In addition, the IP will provide input on
               setting up and running alternate care sites, points of dispensing, and community
               evacuation shelters and on communicating infection prevention messages to the
               general public.

            
            
            
            Emergency management can be broken into
               four phases: mitigation, preparedness, response, and recovery. These steps are
               sequential, as shown in Exhibit 2-38. Note that some forms
               of emergency management depict a cycle with a fifth step (prevention) following
               recovery and preceding mitigation.

            
            
            
            
               Exhibit 2-38: Emergency Management Phases[image: A stepwise diagram shows the four phases of emergency management, progressing downward with arrows: Mitigation (top step), Preparedness (next step down), Response (next step down), and Recovery (bottom step).]
            
            
            

         
         
         
         
         
            
            
            Pre-Emergency Planning
               (Mitigation) Phase

            
            
            
            
               
               
               
               The pre-emergency planning phase, also called the mitigation
                  phase, involves developing an emergency plan based on the facility’s specific
                  risks and priorities. A capability self-assessment should be performed, which
                  should be designed to identify any gaps in the facility’s risk and preparedness
                  plans.

               
               
               
               A facility-wide all-hazards risk assessment—also
                  called a hazard vulnerability assessment (HVA)—is the first step in developing a
                  healthcare facility emergency management plan. A risk assessment should be
                  conducted in conjunction with the facility assessment. The HVA should clearly
                  identify the facility’s top three to five vulnerabilities and provide a summary
                  of mitigation activities to address these vulnerabilities. The facility HVA
                  should be integrated with community-wide HVAs and should be reviewed annually to
                  keep the information up-to-date.

               
               
               
               A healthcare facility’s emergency plan must ensure that all
                  information relating to facility operations, organizational structure, emergency
                  response teams, and HCP and patients’ families is accurate. Designated
                  personnel should know where and how to turn off electricity, water, gas, and
                  specific equipment. All facilities should have an alternative-power weather
                  notification system to stay abreast of emergency weather situations.

               
               
               
               Emergency preparedness extends to the facility
                  environment and building. Building design, for example, is an important area for
                  consideration. Some designated areas in a hospital could be designed to convert
                  into decontamination or triage areas (such as ambulance bays), or
                  hidden/supplemental oxygen supplies could be built into walls and pillars, which
                  allows for corridors and/or lobbies to be used for more beds and treatment.
                  Designing and installing HVAC (heating, ventilation, and air conditioning)
                  systems with the capability to switch airflows allows for airborne agents to be
                  vented safely and entire quadrants of the facility to be isolated. Building
                  maintenance programs should be designed to identify potential problems before
                  they occur and ensure that any emergency-related capabilities are always in
                  working order, for example, by establishing programs for testing, inspection,
                  and preventive maintenance of backup systems and facility safety and security
                  features.

               
               
               
               Facility security should be a consideration of emergency
                  planning. For example, ongoing security rounds should be maintained. Upgrading
                  and installing access control and perimeter security systems can help maintain
                  security and order during an emergency, as can increasing the frequency of
                  security rounds during an emergency. (This should be incorporated into the
                  emergency planning staffing strategies and policies.)

               
               
               
               Hazardous materials policy is an essential
                  consideration with regard to emergency planning and preparedness. Not only must
                  any hazardous materials in use in the facility be identified and their locations
                  tracked, but it should be a priority to reduce the use of hazardous materials
                  (including mercury) whenever and wherever possible. Handlers of these materials
                  will have to be properly trained to prevent spills and leaks, and storage rooms
                  and cabinets must be designed and maintained to ensure proper storage or
                  disposal of these materials.

               
               
               
               A healthcare facility’s emergency
                  operations plan should be coordinated with local emergency management agencies
                  and their management plans, including having in place memoranda of understanding
                  (MOUs) or mutual aid agreements with local and regional healthcare partners.
                  Such agreements allow participating healthcare facilities to work together
                  during an emergency to provide physical facilities and temporary shelter and to
                  share staff, beds, equipment, supplies, and services during a disaster.

               
               

            
            
            
            
               
               
               Personnel and Resources Preparations

               
               
               
               
                  
                  
                  
                  In developing the healthcare facility’s
                     pre-emergency preparedness, the following steps relate to personnel and resources
                     needed in emergencies:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Review and update inventory/resource
                           lists, including for PPE. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ensure the availability of persons
                           needed to execute emergency procedures.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Work with the local office of emergency
                           management to identify and obtain available personnel, equipment, supplies,
                           and other resources.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identify HCP who may need child care,
                           transportation, or other special assistance and arrange for these
                           services.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Make
                           an organizational chart for disaster responses using standardized tools. (An
                           example is the Incident Command
                              System (ICS), which is a tool for managing the demands of small
                           or large emergency and nonemergency situations.)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Designate a disaster coordinator (and
                           possible alternate staff who can fill the role).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Develop and document a procedure for
                           testing generators and supported equipment. Do regular maintenance, keep a
                           seven- to ten-day supply of fuel, document critical items the generator will
                           power, and activate the generator under load per National Fire Protection
                           Association requirements/regional regulations.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ensure a seven- to ten-day supply of
                           food and water for patients and staff and contract with a backup
                           supplier.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Emergency Communication Preparations

               
               
               
               
                  
                  
                  
                  During an emergency, clear, accurate, and timely
                     communication is essential. It will ensure informed decision making and effective
                     collaboration and cooperation and will help to maintain public awareness and trust.
                     The following steps are recommended in relation to emergency communications:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Designate a command center location in
                           the facility, with computer and phone access, in which to coordinate
                           operations during an emergency. Consider designating an alternate location
                           outside the facility in an evacuation.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identify and appoint a single person as a
                           public information spokesperson. They will be responsible for coordinating
                           communications and engaging with the public, the media, and health
                           authorities throughout the emergency.

                        
                        

                     
                     

                  
                  
                  
                  
                     Key Point

                     
                        
                        
                        Note that the IP may receive information
                           requests from the media and other parties in nonemergency
                           situations, in which case they will need to refer to the
                           established organizational structure and follow the proper
                           chain of command to respond to the inquiry.

                        
                        

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Establish clear lines of communication and
                           mechanisms/procedures for communicating with different stakeholders (e.g.,
                           hospital administration, unit/department heads, and other facility
                           staff)—especially information related to patient prioritization.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Establish mechanisms for appropriate and
                           timely collection of information that will need to be shared with
                           supervisory stakeholders (e.g., government and health authorities).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Determine code names for each emergency
                           (e.g., Code Red, Code Black) with a scripted announcement in plain language
                           to be made in an emergency situation.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Consider drafting brief
                           messages/announcements aimed at different audiences in preparation for the
                           most likely disaster or emergency scenarios, for example, different messages
                           for staff, patients, and the public. These should be reviewed and amended in
                           the case of an emergency to ensure that they correctly reflect the
                           information needed by the audience(s).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ensure that patients and their families
                           have emergency contact information for the facility and key staff and
                           specifics about how patients will be evacuated and where they will be taken
                           to aid in reconnecting patients with their loved ones.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ensure that the facility’s emergency
                           warning system is functioning.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ensure that communications equipment is
                           reliable and functional, including backup systems—cellphones, landlines,
                           satellite phones, internet connections, two-way radios, and others.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Test the reliability of emergency phone
                           trees for contacting emergency personnel and activating emergency
                           procedures. Keep phone trees and contact lists updated.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
               
               
               Emergency Education, Training, Drills, and Exercise
                  Preparation

               
               
               
               
                  
                  
                  
                  The following steps should be taken in relation
                     to emergency education and training:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Schedule employee orientation and
                           annual in-service training on the emergency operations plan.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Distribute personal preparedness
                           checklists.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Post evacuation routes and the
                           locations of alarms and fire extinguishers.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Post telephone numbers of emergency
                           contacts in approved locations.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Provide demonstrations of warning
                           systems and proper use of emergency equipment to staff, patients, and
                              patient families.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Conduct unannounced fire drills
                           annually according to local, state, and federal requirements. Document each
                           drill, instruction, or event to include date, content, and participants
                           involved. Identify and document any problems.

                        
                        

                     
                     

                  
                  
                  
                  The following steps relate to emergency disaster drills and
                     exercises:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Develop objectives for an exercise (i.e., the components of the emergency
                           management plan that are to be evaluated). These objectives must be
                           quantifiable.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Conduct an exercise, during which the emergency management plan is practiced.
                           Relevant stakeholder groups, which may vary depending on the nature of the
                           exercise, must be involved.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Discuss the findings of the exercise in relation to the identified
                           objectives. This comparison should utilize the evaluation criteria outlined
                           before the exercise took place to determine if goals were met.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identify gaps in preparedness as illustrated by the exercise. Any identified
                           gaps must be documented in an after-action report or exercise summary
                           report.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Determine solutions to the gaps identified in the disaster exercise. This
                           process involves brainstorming solutions with stakeholders to identify
                           potential changes to the plan and documenting new or revised procedures in
                           an improvement plan with clear timelines and responsible partners. 

                        
                        

                     
                     
                     
                     	
                        
                        
                        Update the emergency management plan based on the solutions delineated from
                           the exercise.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Educate the staff on updates made to the emergency management plan.

                        
                        

                     
                     

                  
                  

               
               

            
            
            
            
            
               
               
               Patient Evacuation and Relocation Preparation

               
               
               
               
                  
                  
                  
                  A key pre-emergency planning role is to have a
                     plan for evacuating and relocating patients. Evacuations can occur pre- and
                     post-event. Post-event evacuations can occur following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Advance-warning events. For example, when damage to a building is
                           greater than expected after a shelter-in-place event, which necessitates the
                           evacuation of patients and personnel.

                        
                        

                     
                     
                     
                     	
                        
                        
                        No-advance-warning events. For example, earthquakes, building
                           fires, tornadoes, and terrorist attacks.

                        
                        

                     
                     

                  
                  
                  
                  A facility’s emergency management plan should
                     include policies and procedures for evacuation. In preparation for
                        evacuation events, the following important steps should be followed:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Define the triggers for the evacuation
                           of the facility.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Determine internal protocols for
                           patient safety (e.g., move patients away from doors, ensure that needed
                           equipment is connected to red outlets), based on known potential emergency
                           situations (tornadoes, earthquakes, severe weather).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Define roles and responsibilities.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Describe the procedures for evacuating
                           patients, including those who need isolation.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identify who is responsible for
                           implementing facility evacuation procedures.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identify patients who may require
                           specialized transportation (designated by functional limitations and/or
                           diagnosis).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identify the facilities with which the
                           healthcare facility has entered into a memorandum of understanding (MOU)
                           (include contract in the plan) and where the patients will be transferred
                           to.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identify evacuation routes, with
                           alternate routes should the primary route be impassable.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Specify procedures that will ensure
                           that facility staff will accompany evacuating patients.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Develop a procedure and tracking system
                           (log) that will be used to track patients who are relocated.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Determine which items each patient will
                           be permitted to take with them.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Establish procedures for ensuring that
                           all patients are accounted for and to ensure that all patients have proper
                           identification.

                        
                        

                     
                     

                  
                  
                  
                  Decision teams need to be provided with education
                     about what to do in the event of an evacuation event. The AHRQ has published
                     recommendations for decision makers that provide an excellent road map for assessing
                     the situation in case of a potential evacuation event.

                  
                  
                  
                  First, as soon as possible after the event has
                     occurred, a hospital’s
                     building integrity, critical infrastructure, and other environmental factors must
                     be
                     evaluated to determine the hospital’s capacity for continuing to provide medical care. Depending on
                     the results of this assessment, decision makers should follow the decision process
                     in the evacuation decision flowchart in Exhibit 2-39. The
                     flowchart allows for the possibility of three observable situations: no threat,
                     immediate threat, or an evolving situation.

                  
                  
                  
                  
                     Exhibit 2-39: Evacuation Decision Flowchart[image: A decision flowchart illustrates the evacuation process after an event occurs. Go to long description for more details.]
                  
                     Source: Adapted from Agency for
                        Healthcare Research and Quality, “Hospital Evacuation Decision Guide (Figure
                        2).”
                     

                  
                     Go to long description.
                     

                  
                  
                  
                  
                  Decision makers must be capable and comfortable
                     making the correct decision. Premature or unnecessary evacuation can pose additional
                     risks to patients (especially the more vulnerable) as well as staff.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Preparedness Phase

            
            
            
            
               
               
               
               Upon receipt of an internal or external warning of an
                  emergency, the facility administrator or appropriate designee should do the
                  following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Activate the phone tree.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Notify the local communications center
                        (local government dispatch) of the emergency.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Notify the staff in charge of emergency
                        operations to initiate the emergency operations plan and advise personnel of
                        efforts designed to provide patient safety.

                     
                     

                  
                  
                  
                  	
                     
                     
                     If weather-related, closely monitor
                        weather conditions and update department directors as needed.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Inform other key agencies (e.g., fire,
                        law enforcement, public health) of any developing situation and the
                        healthcare facility’s protective actions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Review and reevaluate the emergency
                        operations/evacuation plans. Inform patients’ families that the healthcare facility has
                        a disaster plan and that the plan includes contacting them. This will help
                        in controlling calls or visits to the facility.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prepare the designated command center
                        for operations and alert staff of plans to open the operations center.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Fill the appropriate incident command
                        functions, including a communications branch to handle calls from family
                        members.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Control facility access.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Confirm that emergency staff are
                        available and facilitate needed care for their families.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Check food and water supplies to ensure
                        a seven- to ten-day supply. Store a supply of radios and flashlights.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Coordinate with local
                        authorities/agencies and private contacts to confirm availability of
                        resources (e.g., medical services, response personnel).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Confirm transportation agreements with
                        emergency medical service agencies, taxies, tour bus companies, and/or
                        private individuals. Prearrange emergency transportation of nonambulatory
                        patients (e.g.,
                        dialysis patients)
                        and their medical records. Determine if any patients can be discharged from
                        the facility. For patients who need ongoing care, such as
                           long-term facility residents, determine who could go home with
                        family members who live locally.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Determine how patients will be identified
                        during an evacuation. This is especially important for patients who cannot effectively
                        communicate due to physical status or mental acuity issues. Secure the
                        following information with the patient along with their medications: patient name, Social
                        Security number, photograph (if available), health insurer information, date
                        of birth, recent history and physical, and name and contact information for
                        next of kin/power of attorney. The information and medications could be
                        placed, for example, in a waterproof pouch around the neck. This will be
                        transferred with each patient. Identify HCP who will use condition-appropriate PPE with
                        patients on
                        isolation precautions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Have a plan in place with an alternate
                        pharmacy or alternate source for pharmaceuticals in the event of halted
                        deliveries or the need for backup.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Alert HCP and patients and their families of
                        the situation and the immediate actions that are needed to ensure the safety
                        of everyone in the facility. Schedule extended shifts for essential HCP;
                        place alternate personnel on standby. 

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Response Phase

            
            
            
            
               
               
               
               Rapid detection of a disaster is crucial to a successful
                  response. For all mass casualty incidents, the sooner the incident and at-risk
                  patients are identified, the lower the likely morbidity, mortality, and
                  cost.

               
               
               
               In response to an actual emergency, the
                  facility administrator or designee should coordinate the following actions:

               
               
               
               
                  
                  
                  	
                     
                     
                     Activate the emergency operations
                        plan and open the command center.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Fill the incident command roles (to
                        include the general and command staff positions).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Coordinate actions and requests for
                        assistance with local emergency services and the community.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Determine requirements for
                        additional resources and update appropriate authorities and/or
                        services.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ensure communication with patients’ families
                        and physicians.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Ensure the prompt transfer of
                        appropriate patient records.

                     
                     

                  
                  

               
               
               
               Patient management is the largest component
                  of disaster response, and, as such, it is an essential facet of emergency
                  management. Mass casualty events pose unique challenges to healthcare
                  facilities. How will the facility juggle a large number of acutely ill patients?
                  It will not be business as usual. Rapid triage and health assessment will be
                  critical to decreasing morbidity and mortality. In addition, IPC precautions may
                  need to be implemented in the event of a mass casualty incident involving an
                  infectious agent. Emergency management plans must address surges in infected
                  persons, including procedures for managing potentially contagious patients.

               
               

            
            

         
         
         
         
            
            
            Recovery Phase

            
            
            
            
               
               
               
               Recovery measures often refer to
                  interventions implemented after the emergency has been declared over, though some
                  recovery strategies may begin as the event is occurring. During the recovery period,
                  the facility or community implements interventions necessary to return to its
                  pre-disaster baseline (i.e., recovery interventions). Recovery activities will
                  include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Establishing short- and long-term goals to return the facility or community
                        to the pre-event baseline

                     
                     

                  
                  
                  
                  	
                     
                     
                     Evaluating emergency management plan implementation and gaps identified
                        during the response 

                     
                     

                  
                  
                  
                  	
                     
                     
                     Determining potential solutions to identified gaps in the emergency
                        management plan

                     
                     

                  
                  
                  
                  	
                     
                     
                     Updating the emergency management plan to reflect lessons learned

                     
                     

                  
                  
                  
                  	
                     
                     
                     Educating staff on changes in the emergency management plan

                     
                     

                  
                  
                  
                  	
                     
                     
                     Practicing the new emergency management plan

                     
                     

                  
                  

               
               
               
               Recovery will also include
                  replenishing stocks of medical equipment and supplies and returning to daily
                  activities and routine reporting structures. Another important component of the
                  recovery phase is responding to the mental health impact of the disaster on the
                  community, including addressing and responding to patients and employees suffering from
                  post-traumatic stress disorder.

               
               
               
               Surveillance after a mass casualty incident will likely be critical to decreasing
                  the
                  costs, morbidity, and mortality associated with a disaster, depending on the type
                  of
                  event. This is especially true in the case of an infectious disease disaster, after
                  which identification of new cases will be essential to save lives. Disaster
                  surveillance is based on the same principles as traditional surveillance but may
                  require a more “quick and dirty” approach due to the urgency of the situation.

               
               

            
            

         
         
   
      
         
         
         
         Section J: Outbreak Investigations

         
         
         
         
            
            
            
               After
                  completing this section, learners will be able to do the following for outbreak
                  investigations:
               

            
            
            
            
               
               
               	
                  
                  
                  Verify the existence of an outbreak or
                     exposure.

                  
                  

               
               
               
               	
                  
                  
                  Notify appropriate internal and
                     external stakeholders.

                  
                  

               
               
               
               	
                  
                  
                  Collaborate with appropriate persons to
                     establish the case definition, period of investigation, and case-finding
                     methods.

                  
                  

               
               
               
               	
                  
                  
                  Define the problem using time, place,
                     person, and risk factors.

                  
                  

               
               
               
               	
                  
                  
                  Formulate hypotheses on the source and
                     mode of transmission.

                  
                  

               
               
               
               	
                  
                  
                  Collect additional data (e.g.,
                     environmental samples, active surveillance cultures).

                  
                  

               
               
               
               	
                  
                  
                  Design and implement control measures,
                     including ongoing surveillance.

                  
                  

               
               
               
               	
                  
                  
                  Monitor and evaluate control measures
                     for effectiveness.

                  
                  

               
               
               
               	
                  
                  
                  Prepare and disseminate reports.

                  
                  

               
               

            
            

         
         
         
         
   
      
         
         
         
         What Is an Outbreak?

         
         
         
         
            
            
            
            An outbreak is an infection event characterized by a
               notable, often sudden increase in the number of cases of a disease, above the
               expected norm of a given population, or the presence of unusual microbes. It should
               be noted that an outbreak can sometimes be a single case, especially if the
               identified or suspected disease is rare or results in serious public health
               implications.

            
            
            
            The terms outbreak and epidemic are often used
               synonymously, but outbreak is often used to describe an epidemic limited to a
               geographic area. For example, a sudden spike in respiratory infections among the patients of a specific
               healthcare facility might point to a new outbreak. It is important for IPs to
               familiarize themselves with baseline/endemic disease rates as well as infections and
               conditions that may affect patients and HCP. An outbreak is often first identified by a specific
               grouping of infections in a particular location (a medical unit or a shared
               dining/recreation area, for example); this is sometimes referred to as a cluster.
               It
               is also important to be on guard for pseudo-outbreaks, a term that is generally
               applied to situations in which there is a rise in test results (e.g., positive
               microbiology cultures) without actual clinical disease.

            
            
            
            Outbreaks can be incredibly disruptive to a
               healthcare facility. For example, staff members’ ability to care for patients will likely be
               disrupted because patients’
               mobility may be limited and their ability to socialize with visitors and other patients hampered. Outbreaks
               can also strain resources, as more supplies are required. Staff members may also
               become incapacitated should they, too, succumb to infection or must be restricted
               from work during a post-exposure monitoring period. HCP who remain available to work
               may have to take on additional responsibilities, such as more frequent and more
               involved cleaning and disinfection protocols, additional patient support activities, etc.

            
            
            
            More broadly, an outbreak can have long-term
               negative effects on a facility’s reputation (via negative media exposure, for
               example) or economic well-being; it may also result in regulatory repercussions,
               citations, or even lawsuits.

            
            
            
            Healthcare-associated infection (HAI) outbreaks can be the
               result of a variety of factors. These include:

            
            
            
            
               
               
               	
                  
                  
                  Factors unrelated to person-to-person
                     transmission, including environmental exposure, health status, and
                     genetics.

                  
                  

               
               
               
               	
                  
                  
                  Infectious or colonized HCP, patients, or
                     visitors.

                  
                  

               
               
               
               	
                  
                  
                  Lapses in IPC practice or clinical
                     practices such as failure to comply with standard or transmission-based
                     precautions.

                  
                  

               
               
               
               	
                  
                  
                  Intrinsic contamination (at time of
                     production) or extrinsic contamination (during use) of products or
                     devices.

                  
                  

               
               

            
            
            
            The rapid introduction of new technologies and
               patient care equipment
               has increased the number of potential causes of HAI outbreaks and has led to the
               recognition of items such as tissue allografts and compounded pharmaceutical
               products as potential outbreak sources.

            
            
            
            
               Key Point

               
                  
                  
                  One of the most important aspects of managing
                     an IPC program is identifying high-risk patient populations and the potential pathogens that
                     could lead to an HAI. An annual program risk assessment is essential to help
                     identify the populations at risk in a healthcare facility.

                  
                  
                  
                  Of equal concern are communicable diseases
                     that can be spread to the HCP population. Depending on the exposure, HCP may
                     require post-exposure prophylaxis (PEP). At that juncture, consultation with an
                     infectious disease physician or review of current guidelines (e.g., from the
                     CDC) is essential to ensure optimal medical care and screening for HCP.

                  
                  

            
            
            
            Given the additional medical considerations
               inherent in vulnerable populations in healthcare facilities, outbreaks of highly
               infectious agents (e.g., influenza, norovirus, severe acute respiratory syndrome
               coronavirus 2 [SARS-CoV-2]) pose a special mortality risk. Patients with mental or physical
               disabilities may not be able to express how they feel. If they are infectious, they
               may not be able to participate in prevention efforts such as masking, hand hygiene,
               or respiratory etiquette. They may require additional or increased hygiene support,
               and the symptoms may amplify the nature of their mental or physical disabilities. Pediatric patients may also have special considerations and may be uniquely
                  susceptible to different infections.

            
            

         
         
         
         
         
            
            
            Goals of Outbreak Investigation and Control Measures

            
            
            
            
               
               
               
               The IP must work closely with their interdisciplinary team
                  to ensure that precautions and control measures are closely adhered to in order to
                  bring an end to an outbreak.

               
               
               
               
                  Key Point

                  
                     
                     
                     The goal of any outbreak
                        investigation is to control the outbreak by identifying and
                        modifying contributing factors and to develop and implement
                        measures to prevent similar outbreaks in the
                        future.

                     
                     

               
               
               
               Outbreaks can happen at any time. Therefore,
                  another goal is that the IP must be familiar with outbreak management concepts and
                  procedures in order to meet any challenges that may arise.

               
               

            
            

         
         
         
         
            
            
            Examples of Healthcare Facility Outbreaks

            
            
            
            
               
               
               
               Examples of outbreaks in healthcare facilities
                  include but are not limited to:

               
               
               
               
                  
                  
                  	
                     
                     
                     Respiratory infections (e.g.,
                        tuberculosis, influenza).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Gastrointestinal infections (e.g.,
                        norovirus).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Infections related to devices and
                        equipment.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Foodborne illnesses.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Surgical site infections (SSIs),
                        such as group A Streptococcus (GAS) infections.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Multiple-drug-resistant organisms
                        (MDROs).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Emerging pathogens, such as mpox
                        virus.

                     
                     

                  
                  

               
               
               
               Respiratory infections can be spread between
                  patients, HCP, and visitors by contact, droplet, or airborne transmission.
                  Gastrointestinal infections are spread via contaminated surfaces, food,
                  aerosols, vomit, and feces. Norovirus is a very common cause of acute
                  gastroenteritis in healthcare facilities. It affects both patients and HCP, and
                  it can also be transmitted to and from visitors. Situations of close proximity
                  between patient and HCP makes transmission of pathogens possible, unless PPE
                  (face masks and respirators, for example) is used properly.

               
               
               
               Note that as healthcare delivery
                  increasingly moves to non-inpatient settings, outbreaks are being recognized in
                  outpatient facilities. Because these facilities often lack the healthcare
                  epidemiology and infection prevention infrastructure of acute care hospitals and
                  because the adverse events generally occur after the patient has left the
                  facility, the detection, investigation, and control of outbreaks in outpatient
                  settings is especially challenging.

               
               

            
            

         
         
   
      
         
         
         
         Outbreak Management Process

         
         
         
         
            
            
            
            When an outbreak occurs, the first thing an IP should do
               is check the IPC program for facility-specific policies and procedures and for
               information and resources to help guide the IP and their interdisciplinary team
               through an outbreak investigation: steps to be taken, stakeholders to inform and
               include, local or regional resources available to healthcare facilities, and other
               pertinent information.

            
            
            
            The steps in an outbreak investigation are as
               follows:

            
            
            
            
               
               
               	
                  
                  
                  Confirm and verify the presence of an outbreak.

                  
                  

               
               
               
               	
                  
                  
                  Notify
                     and involve key stakeholders.

                  
                  

               
               
               
               	
                  
                  
                  Identify the investigative team and available resources.

                  
                  

               
               
               
               	
                  
                  
                  Perform a literature review.

                  
                  

               
               
               
               	
                  
                  
                  Define
                     the outbreak and develop methodology for case finding.

                  
                  

               
               
               
               	
                  
                  
                  Prepare an initial line list and epidemic curve.

                  
                  

               
               
               
               	
                  
                  
                  Observe and review implicated patient care practices.

                  
                  

               
               
               
               	
                  
                  
                  Consider if environmental or HCP sampling should be done.

                  
                  

               
               
               
               	
                  
                  
                  Implement control measures.

                  
                  

               
               
               
               	
                  
                  
                  Communicate with stakeholders and prepare an outbreak report.

                  
                  

               
               
               
               	
                  
                  
                  Declare an end to the outbreak.

                  
                  

               
               

            
            
            
            Note that these steps do not necessarily take
               place chronologically. Often, the IP and their team will be engaged in multiple
               steps concurrently. For example, the implementation of control measures can take
               place at any point at which an appropriate intervention is identified. Additionally,
               some steps may have to be repeated as the investigation progresses, such as
               redefining the case definition as additional cases are identified. Data collection
               should also continue throughout the entirety of the outbreak. Alongside continuing
               to identify cases that are part of the outbreak, the IP and their team should be
               conducting additional research into how best to bring the outbreak to an end.

            
            
            
            The IP should maintain an information database of
               outbreaks, investigations, and disease reporting. This log can be kept in a
               spreadsheet; it should track and record dates, times, and infection rates. It should
               also include contact information, both for those who need to be kept informed about
               the progress of the outbreak investigation and for anyone the IP might consult for
               advice or information (for example, pharmacy professionals, facility
               administration). Some of this information may be kept in the surveillance plan, so
               the IP should reference this plan often.

            
            

         
         
         
         
         
            
            
            Confirming and Verifying the Outbreak

            
            
            
            
               
               
               
               If routine surveillance reveals a potential outbreak,
                  the first step is to get confirmation. Whenever unusual results are identified,
                  the IP should increase surveillance efforts and activities. A potential outbreak
                  may be indicated by:

               
               
               
               
                  
                  
                  	
                     
                     
                     A single hospital-acquired case of a
                        highly communicable infectious agent (e.g.,
                        norovirus, group A Streptococcus).

                     
                     

                  
                  
                  
                  	
                     
                     
                     A
                        single case of an emerging or novel pathogen.

                     
                     

                  
                  
                  
                  	
                     
                     
                     An
                        increase in infection trends at least 10% higher than historical
                        trends.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Three or more cases of a specific infection, over a specific length of
                        time, in a particular location (e.g., on a single floor of patients or
                        connected to a shared community space).

                     
                     

                  
                  

               
               
               
               A first step in the outbreak investigation is to come up with
                  a hypothesis about the source of the outbreak. This is, effectively,
                  an informed guess about the source of the infection or illness based
                  on the information you have. For example, what do you already know
                  about the disease (e.g., reservoir, mode of transmission, known risk
                  factors)?

               
               
               
               To generate a hypothesis, the
                  IP should consider time, place, and person. Descriptive epidemiology can help to
                  develop hypotheses. For example, in an outbreak of Serratia marcescens bloodstream infections among patients receiving
                  parenteral nutrition, investigators realized that none of the cases were among
                  children. Further investigation of the parenteral nutrition administered to
                  adults but not children in that hospital identified contaminated amino acid
                  solution as the source.

               
               
               
               If there is a
                  suspicion of a particular infection, then the IP should use the infection’s
                  typical incubation period to provide potential time parameters for the
                  investigation.

               
               
               
               Engaging with
                  case-patients can also lead to valuable information, for example, by conducting
                  wide-ranging and open-ended interviews about their movements and activities in
                  the recent past. Sometimes, health department IPs may visit the homes of
                  case-patients in search of valuable information. Additional sources for
                  information that can inform a hypothesis include local health department staff.
                  Finally, if the epidemiology does not fit a natural pattern, investigators
                  should consider the possibility of an intentional dissemination of an infectious
                  or chemical agent.

               
               
               
               After developing a hypothesis, the IP and the
                  outbreak investigation team have to test it.  Three types of
                  observational studies are commonly used to investigate outbreaks:
                  cohort studies, case-control studies, and case-case studies.
                  Case-control studies are commonly used during
                     this stage of
                  an outbreak investigation to retrospectively determine exposures and
                  identify additional potential cases. They have the advantage of
                  being quick, efficient, and cost-effective. Individuals with the
                  outcome of interest (the disease) are considered as cases;
                  individuals without the outcome of interest are referred to as
                  controls. The investigator then assesses the exposure in both of
                  these groups. The controls for an outbreak investigation study
                  should be selected from a population who did not develop the disease
                  under investigation but had comparable exposures to the
                  identified/confirmed cases, for example, the same surgical
                  procedure, same nursing unit location, same caregivers, etc.

               
               
               
               Matching is often used in case-control studies to ensure that
                  the cases and the controls are similar in certain characteristics,
                  and it is a useful technique to increase the efficiency of the
                  study. To help control for confounding, controls can be matched to
                  case-patients on characteristics specified by investigators,
                  including age group, sex, race/ethnicity, and neighborhood.

               
               
               
               During this phase of the investigation, the
                  IP should also start developing their statistical calculations. For
                  example, they should identify their numerator (i.e., the number of
                  case-patients identified) and denominator (i.e., the population
                  being studied) and calculate attack rates.

               
               

            
            

         
         
         
         
            
            
            Notifying and Involving Key
               Stakeholders

            
            
            
            
               
               
               
               When an outbreak investigation is launched, the IP
                  must inform key partners and stakeholders (both internal and external). This
                  should happen as soon as a case (or multiple cases) that points to a possible
                  outbreak is identified. Communication is a continuous component of an outbreak
                  investigation.

               
               
               
               The IP should reach out to frontline staff to
                  provide guidance on how to proceed. They will need to know what to do and how to
                  halt the spread of the infectious disease.

               
               
               
               
                  Key Point

                  
                     
                     
                     Communication is a
                        core competency for any IP, especially in surveillance
                        and when managing an outbreak. The ability to
                        communicate and collaborate with other staff members is
                        essential.

                     
                     

               
               
               
               In addition to the different departments in
                  the healthcare facility, the IP should communicate their findings with local,
                  regional, and national organizations, many of which will have separate reporting
                  requirements. The IP is responsible for staying up-to-date on these
                  requirements. Some requirements will be time-sensitive. Even when there is no
                  requirement to report, doing so helps the IP stay connected with public health
                  officials who may be able to provide assistance during the outbreak.

               
               
               
               This process ensures that all relevant parties
                  stay informed and are prepared to respond within the scope of their expertise
                  and responsibility. Facility administration should be notified so that resources
                  can be made available and so that risk management, patient safety, and public
                  affairs staff can prepare to assist. The microbiology laboratory should be
                  notified and asked to alert the IP or the IPC or epidemiology department of new
                  possible cases and to save any isolates that might be related to the
                  outbreak.

               
               

            
            

         
         
         
         
            
            
            Identifying the Investigative Team and
               Available Resources

            
            
            
            
               
               
               
               The IP must ensure that their
                  interdisciplinary team includes experts in relevant fields so that they can
                  respond swiftly in implementing the appropriate IPC measures. Collaboration is
                  essential to identifying and controlling outbreaks. All team members should be
                  familiar with patient demographics, the facility’s scope of service, and
                  procedures and policies.

               
               
               
               The IP needs to assess the resources available
                  to control or end the outbreak, including facility resources (supplies,
                  personnel, financial assistance) as well as any resources from local, regional,
                  and national organizations, all of which help to define the investigative team’s
                  scope and guide the appropriate allocation of resources.

               
               

            
            

         
         
         
         
            
            
            Performing a Literature Review

            
            
            
            
               
               
               
               Conducting a review of available literature is
                  a critical step in the process. Literature reviews inform investigation efforts
                  by helping to determine information on potential sources and control measures
                  and to generate hypotheses. They also can identify certain procedures, vessels,
                  and technical errors that are frequently associated with outbreaks.

               
               
               
               The IP must be selective in their choice of
                  literature so that they do not spend time on studies that have little to no
                  bearing on their healthcare setting. Authoritative, nationally published sources
                  contain a wealth of information about current outbreaks, diseases of note, and
                  recommended immunizations.

               
               

            
            

         
         
         
         
            
            
            Defining the Outbreak

            
            
            
            
               
               
               
               This step involves validating cases and
                  defining the clinical and laboratory diagnosis. Investigations of outbreaks must be
                  conducted in a standardized way. Areas that must be assessed include:

               
               
               
               
                  
                  
                  	
                     
                     
                     The agent (virus, bacterium, parasite,
                        or other microbe).

                     
                     

                  
                  
                  
                  	
                     
                     
                     The host (human who can get the
                        disease).

                     
                     

                  
                  
                  
                  	
                     
                     
                     The environment (extrinsic factors that
                        affect the agent and the opportunity for exposure).

                     
                     

                  
                  

               
               
               
               
                  Key Point

                  
                     
                     
                     Factors associated with the agent, the
                        host, or the environment contribute to the development of the outbreak, and
                        modification of one or more of these factors holds the potential elements to end
                        the outbreak.

                     
                     

               
               
               
               Before a formal investigation can be launched, all
                  presorted cases must be validated—that is, the IP and members of their team that
                  have the appropriate knowledge and expertise (for example, in interpreting lab
                  reports) must verify that the case is real. In this way, the IP defines the problem
                  in the outbreak and helps to identify what resources are needed.

               
               
               
               To define the outbreak, the IP must develop a case definition, a set of uniformly applied clinical,
                  laboratory, and other diagnostic criteria for determining whether a person should
                  be
                  identified as having a particular disease, injury, or other health condition. Case
                  definitions are built on information related to person, place, and time: common or
                  shared characteristics of the identified case-patients, a common environment, a time
                  range that might indicate the time of exposure. The case definition must not include
                  the exposure or risk factor you are interested in evaluating.

               
               
               
               For example, during an outbreak investigation in a
                  community hospital, a clinical case of norovirus infection was defined as a person
                  with onset of diarrhea and/or vomiting between February 3 and 18 who was a patient
                  or employee in the facility or was a household contact of a staff member. A
                  confirmed case was defined as a clinical case that was positive for norovirus in
                  feces by real-time polymerase chain reaction (RT-PCR).

               
               
               
               Case definition should be an ongoing process that
                  will be refined as more information is collected and analyzed and more cases are
                  identified. Initially, however, the case definition should be narrow enough to focus
                  investigative efforts yet broad enough to capture the majority of cases.

               
               
               
               The pathogen in question will inform how broad the
                  initial definition is. For relatively common pathogens, such as norovirus or
                  influenza, the case definition might be quite narrow, given that the symptoms for
                  these diseases are well known. For less common pathogens, the definition may be
                  quite broad in order to capture information about unusual or varying symptoms. More
                  common pathogens will, however, have more stipulations, given the greater knowledge
                  and understanding of how they are transmitted. For example, a case definition for
                  pneumococcal infections, which are spread through aerosols, will include coughing
                  and sneezing.

               
               
               
               Careful consideration should be given to whether
                  the case definition should have a microbiological component. Requiring cases to have
                  a culture for a specific organism is often quite helpful in both focusing the
                  investigation and facilitating case findings. However, this requirement is not a
                  guarantee, and certain microorganisms might still be missed. This decision will be
                  based on urgency and the resources available to the IP. Therefore, the IP might
                  request a culture, but it might be used for case refinement rather than the initial
                  case definition.

               
               
               
               The IPC program should have or develop a
                  methodology for case-finding. The IP might use a variety of sources to find
                  additional cases possibly related to the outbreak. Depending on how the initial case
                  was identified, these might include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Laboratory records (a logical first place
                        to start).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Surveillance findings (e.g., for a
                        multiple-drug-resistant pathogen currently being tracked).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Discussions with HCP.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Public health press releases (in cases of
                        community outbreaks).

                     
                     

                  
                  

               
               
               
               Environmental cultures, as well as sample cultures
                  from HCP, might also be considered, as is discussed more later
                     in this section.

               
               

            
            

         
         
         
         
            
            
            Preparing an Initial Line List and Epidemic Curve

            
            
            
            
               
               
               
               The line
                     list is a document that contains information related to patient symptoms
                  (if there is a possibility that it is a pseudo-outbreak), medications, procedures,
                  consults, patient locations, contact with HCP, and a host of other factors that
                  might predispose the patients to the infection under investigation. It is, perhaps,
                  the single most important tool in any outbreak investigation. Line lists also often
                  include information about outcomes.

               
               
               
               
                  Key Point

                  
                     
                     
                     The line list is an invaluable tool for an IP.
                        It is used to collect together all relevant information on suspected outbreak
                        cases. These data can be used to track and analyze the event, both during the
                        outbreak and after it has ended.

                     
                     

               
               
               
               Creating a line list is a resource-intensive
                  process, requiring an extensive review of a wide variety of information from many
                  sources, everything from patient medical records and staff consultations to patient
                  location data. When deciding what information to include on the line list, the IP
                  should weigh the benefits that may be gained against the resources that will be
                  required. It is a good practice to create an initial line list with some very basic
                  information on potential exposures. As with many other documents and processes
                  related to outbreaks and surveillance in general, the line list should be revised
                  frequently so that its contents remain pertinent to the investigation. As the
                  investigation progresses, the IP might add information to the form as needed (for
                  example, new exposure sources or outcome results).

               
               
               
               Line lists are typically created in a spreadsheet
                  because spreadsheets allow for easy data sorting and data trend analyses.
                  (Spreadsheets also make it easier to generate visual aids, such as graphs, tables,
                  and charts, which will be needed when reporting findings.)

               
               
               
               Line lists can take many different forms and
                  styles. For example, some organizations or authoritative sources may have line lists
                  dedicated to specific kinds of infections (respiratory, urinary tract,
                  gastrointestinal, etc.) that can be downloaded. Line lists should also be customized
                  based on the needs of the specific facility and outbreak.

               
               
               
               An example of a line list template, based on CDC
                  recommendations, is shown in Exhibit 2-40.

               
               
               
               
                  Exhibit 2-40: Generic Line List[image: A generic line list template adapted from CDC material, used for tracking demographic details, symptoms, diagnostics, and outbreak outcomes of patients during an investigation. Go to long description for more details.]
               
                  Source: Adapted from CDC
                     material.
                  

               
                  Go to long description.
                  

               
               
               
               
               Each row in the list represents a person that may
                  have been affected by the outbreak. All line lists should include demographics,
                  location, signs and symptoms, diagnostics, and outcomes.

               
               
               
               
                  
                  
                  	
                     
                     
                     Demographics. This includes the name,
                        age, and sex of patients and staff.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Location. It is essential to know where
                        each potentially infected individual is located or works. This information
                        helps the IP to identify possible locations that might be the source of an
                        outbreak (e.g., a majority or significant cluster of cases may either be a
                        patient or work on a single nursing unit). Knowing whether the potential
                        case is a long- or short-term patient may help the IP to identify an
                        infection that has been brought into the facility via a transfer. IPs should
                        make use of a facility map to track the outbreak; it may provide visual
                        clues that indicate where and when the outbreak cases are occurring.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Signs and symptoms. This information ties
                        directly into the case definition. What are the signs or symptoms required
                        for an individual to be considered a potential case? Keeping track of
                        symptoms—what they are, when they appear, and how long they last—may reveal
                        information valuable for identifying and monitoring the infection outbreak.
                        Signs and symptoms will also inform the IP’s selection of control measures
                        to implement in order to prevent and control the continued spread of the
                        outbreak. Depending on the kind of outbreak being investigated, the IP might
                        include a column for each relevant symptom (e.g., cough, headache, and sore
                        throat for influenza).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Diagnostics. This information is related
                        to the specimen collected and is used to diagnose a case and identify any
                        connection it may have to an outbreak. Diagnostic data should include the
                        date of collection and laboratory tests requested. The IP should make note
                        of any and all microorganisms identified by the tests.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Outcomes. Was the identified infection
                        actually a case related to the outbreak? Did the individual recover? If a
                        staff member, did their condition require hospitalization?

                     
                     

                  
                  

               
               
               
               Line lists might also include information about
                  any medications that patients or HCPs might be taking, as those may result in side
                  effects that mimic infection symptoms.

               
               
               
               
                  Key Point

                  
                     
                     
                     In order to maximize the value of line lists, it is important
                        to have an organized system to store and share files, as line lists will evolve
                        over time (including both variables tracked and which stakeholders have a vested
                        interest in the information). Without a good way to organize and share these
                        files, it is easy to lose track of which is the most “up to date”, thus causing
                        issues in the outbreak investigation. 

                     
                     

               
               
               
               The data contained in a line list can be used to create
                  epidemic curves.

               
               

            
            
            
            
               
               
               Epidemic Curves

               
               
               
               
                  
                  
                  An epidemic curve is a graph in which the cases of a disease that occur
                     during an epidemic (outbreak) are plotted according to the time of onset of illness.
                     The shape of the curve is determined by the epidemic pattern. The epidemic curve is
                     used to:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Determine whether the source of
                           infection is common, propagated (continuing), or both.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Establish if the pathogen has a short
                           or long incubation period.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ascertain if the outbreak is increasing
                           or decreasing.

                        
                        

                     
                     

                  
                  
                  
                  With a common source, the same person or
                     vehicle is identified as the primary reservoir or means of transmission. As seen in
                     Exhibit 2-41, this type
                     of epidemic curve approximates a normal distribution (bell curve) if there are a
                     sufficient number of cases and if cases are limited to a short exposure with maximum
                     incubation of a few days or less (point source). Exposure may be continuous or
                     intermittent. Intermittent exposure to a common source produces a curve with
                     irregularly spaced peaks. A foodborne outbreak associated with a single meal or
                     event would be considered a point source, and an outbreak associated with a
                     contaminated lot number of medication could be considered a continuous or
                     intermittent source.

                  
                  
                  
                  
                     Exhibit 2-41: Common Source Epidemic Curve Example[image: Bar graph showing number of Suspect (green), Probable (striped blue), and Confirmed (solid blue) cases by onset date (Day 1–30). Cases peak near Day 10, then gradually decline. Y-axis ranges from 0 to 8.]
                  
                     Source: Elizabeth A. Campbell and C.
                        Lynn Eichhorn, in APIC Text, K. M. Boston
                        et al., eds., 2020. Authors state that this curve was generated using the
                        “Generate an Epi Curve” Microsoft Excel template from “Unexplained
                        Respiratory Disease Outbreaks (URDO), Investigate an Outbreak,
                        Epidemiological Curve,” Centers for Disease Control and Prevention (CDC),
                        www.cdc.gov/urdo/epicurve.html.
                     

                  
                  
                  
                  
                  With a propagated (continuing) source,
                     infections are transmitted from person to person in such a way that cases identified
                     cannot be attributed to agent(s) transmitted from a single source. Propagated source
                     cases occur over a longer period than with common source transmission, as seen in
                     Exhibit 2-42. An example
                     of a propagated source is transmission of chickenpox to multiple patients on a
                     nursing unit.

                  
                  
                  
                  
                     Exhibit 2-42: Propagated (Continuing) Source Epidemic Curve Example[image: Bar graph of cases by onset date (Day 1–30), with categories: Suspect (patterned green), Probable (striped blue), and Confirmed (solid blue). Multiple peaks suggest waves of infection, not a common source outbreak.]
                  
                     Source: Elizabeth A. Campbell and C.
                        Lynn Eichhorn, in APIC Text, K. M. Boston
                        et al., eds., 2020. Authors state that this curve was generated using the
                        “Generate an Epi Curve” Microsoft Excel template from “Unexplained
                        Respiratory Disease Outbreaks (URDO), Investigate an Outbreak,
                        Epidemiological Curve,” Centers for Disease Control and Prevention (CDC),
                        www.cdc.gov/urdo/epicurve.html.
                     

                  
                  
                  
                  
                  In regard to short or long incubation periods,
                     to determine the probable period of exposure of cases in a common source outbreak,
                     one must know the specific disease involved, the dates of onset of cases, and either
                     mean or median or minimum and maximum incubation period(s) for the specific disease.
                     Explosive epidemics resulting from person-to-person transmission may occur (e.g.,
                     respiratory viruses such as TB, influenza, COVID-19). If secondary and tertiary
                     cases occur, the intervals between peaks usually approximate the average incubation
                     period.

                  
                  
                  
                  Note that using a template such as the one
                     referred to in the source attribution above is a good practice because it allows the
                     user to enter real data and automatically generate an epidemic curve histogram that
                     serves as a useful tool throughout the investigation.

                  
                  
                  
                  Epidemic curves can be helpful in identifying the
                     mode of transmission (for example, during transfers to the healthcare facility or
                     in
                     a particular unit). However, given the nature of HAIs, these can miss or
                     misrepresent certain aspects of an outbreak, for example, the incubation period, the
                     number of asymptomatic patients, and other factors. Also, 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. Hence, the shape of the
                     curve in a “point-source” HAI outbreak might look very different from that seen in
                     a
                     point-source outbreak of a foodborne disease.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Observing/Reviewing Implicated Patient Care
               Activities

            
            
            
            
               
               
               
               The IP should observe and review any patient care
                  activities that might be implicated in the outbreak or spread of transmission.
                  Through this process, the IP can often (though not always) identify the cause of
                  the outbreak. The line list is a critical tool for steering this step in the
                  investigation. Pathogens and organisms that are identified can point an IP in a
                  specific direction (for example, Aspergillus and construction or maintenance activities; norovirus and
                  food preparation and storage). Similarly, the results of the line list might
                  suggest processes as potential causes (for example, therapy services or wound
                  care).

               
               
               
               Observations and reviews should begin in an
                  unstructured manner by gathering general information from nurses and other staff
                  in order to ascertain general practice patterns and workflow. As more
                  information is gathered, the review should become more formalized through the
                  use of questionnaires and other assessment tools.

               
               
               
               It is essential that the IP communicate to all
                  involved that the investigation is a collaboration, not an attempt to assign
                  blame. Maintaining open dialogue with all involved helps to maintain
                  transparency and a collaborative environment.

               
               
               
               When reviewing patient care activities, the IP
                  might ask frontline staff the following questions:

               
               
               
               
                  
                  
                  	
                     
                     
                     What is the standard method for
                        performing this procedure?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What are the challenges or barriers
                        involved in this procedure?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Can any of the steps in this process
                        be omitted or bypassed during the procedure?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Can you think of anything or have you
                        observed any nonconforming practices that might have resulted in the
                        outbreak?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Are any other practices or procedures
                        performed beyond what is expected or recommended?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Is there anything else you need in
                        order to complete this work properly?

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Considering if Environmental or HCP Sampling Should Be Done

            
            
            
            
               
               
               
               Cultures can provide definitive
                  investigative findings but can also be time-consuming, expensive, and
                  potentially misleading. As always, the IP should consult with their
                  interdisciplinary team on how to approach their specific situation and outbreak.
                  Cultures might be considered if it is suspected that there are colonized
                  patients in the facility, either because they are not yet displaying symptoms or
                  because they will remain asymptomatic. For example, environmental sampling
                     is helpful in tracking the resolution and infectious state of contamination
                     by Candida auris. If there is a reasonable risk of asymptomatic
                  carriers, then, in order to identify additional cases, surveillance cultures
                  should be considered.

               
               
               
               Environmental cultures that are collected
                  should be processed by an environmental laboratory, as healthcare facility
                  laboratories are clinical labs and may not have the protocols in place to handle
                  environmental samples.

               
               
               
               Often cultures are negative and leave
                  questions unanswered, such as:

               
               
               
               
                  
                  
                  	
                     
                     
                     Was the wrong item or wrong part of
                        the item tested (not the actual source)?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Was the organism present earlier
                        but not at the time of sampling?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Was the testing methodology not
                        sensitive enough to detect the organism?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Were the media used in the
                        laboratory suitable for the pathogen (e.g., waterborne agents)?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Were residual disinfectants
                        neutralized before the sample was taken?

                     
                     

                  
                  

               
               
               
               Note that HCP may feel anxiety if they are
                  required to submit samples for an outbreak investigation. It is also important
                  to note that this could be an expensive endeavor. Thus, the IP must weigh the
                  cost of ordering surveillance cultures. One option that can be useful is the
                  performance of a single round of surveillance cultures, sometimes referred to as
                  a “point prevalence” survey, which can help assess the scope of the problem and
                  determine whether ongoing surveillance cultures will be needed.

               
               
               
               Prior to performing HCP testing, it’s
                  crucial to anticipate questions the HCP may have and be prepared to answer them.
                  Examples of questions that may arise include:

               
               
               
               
                  
                  
                  	
                     
                     
                     How will confidentiality be
                        maintained?

                     
                     

                  
                  
                  
                  	
                     
                     
                     How will HCP receive their
                        results?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Who will treat the HCP if
                        prescribed medication is needed?

                     
                     

                  
                  
                  
                  	
                     
                     
                     Who will pay for medication and the
                        treating physician?

                     
                     

                  
                  
                  
                  	
                     
                     
                     How long will the HCP need to be
                        off work and will they be paid?

                     
                     

                  
                  
                  
                  	
                     
                     
                     If the organism cannot be
                        eradicated (e.g., MRSA colonization), will they be terminated?

                     
                     

                  
                  
                  
                  	
                     
                     
                     What does follow-up entail?

                     
                     

                  
                  

               
               
               
               For these reasons, cultures should not be
                  done until the line list and observations are done so the work can be directed
                  toward likely test items. Also, the IP should collaborate with the
                  epidemiologist, key leadership, and microbiology laboratory staff to ensure that
                  only items that are likely to further the investigation are cultured and that
                  the cultures will be taken properly and are feasible to be processed.

               
               

            
            

         
         
         
         
            
            
            Implementing Control Measures

            
            
            
            
               
               
               
               The ultimate goal of any outbreak investigation is to
                  stop adverse events. Therefore, throughout the course of the outbreak
                  investigation (and surveillance activities in general), the IP and their team
                  should be identifying and implementing a variety of IPC measures. Based on the
                  discoveries through observation, consultation, and analysis of data collected
                  (line lists, for example), the IP should implement control measures as soon as
                  is practicable.

               
               
               
               Control measures are protocols designed to interrupt the
                  transmission of and reduce or eliminate the occurrence of communicable diseases
                  and infections. Measures should always be selected based on the specific
                  outbreak or organism in question.

               
               
               
               Depending on the severity of the outbreak,
                  additional control measures may have considerable impact on the day-to-day
                  lives—and, therefore, on the mental well-being—of patients. For example, during a highly
                  transmissible respiratory or other airborne infectious event, isolation may be
                  required for those infected. As always, patient safety should be a strong determinant of the
                  measures put in place.

               
               
               
               Common outbreaks in healthcare facilities
                  include respiratory and gastrointestinal infections. Standard precautions help
                  reduce the risk of transmission. Specific measures combat the ways in which
                  common infections are transmitted (transmission-based precautions). In some
                  instances, even a single case should trigger immediate control measures; a
                  single case of gastroenteritis should be met with immediate contact
                  precautions.

               
               
               
               If an influenza outbreak is suspected, for
                  example, one control measure that may be considered is requiring HCP to wear
                  face masks for all patient care to help prevent the spread of the infection
                  between patients and HCP. If control measures that require enhanced PPE use are
                  implemented, the IP should work with the healthcare facility’s procurement
                  department to ensure that sufficient supply is maintained for the duration of
                  the outbreak in addition to keeping an emergency stock of relevant PPE.

               
               
               
               As control measures are implemented, the IP
                  should reinforce staff, patient, and visitor education on compliance with
                  general IPC recommendations. As with all prevention and control processes, a
                  mechanism should be in place to ensure that there is compliance.

               
               
               
               Some control measures that might be
                  implemented during an outbreak at a facility include:

               
               
               
               
                  
                  
                  	
                     
                     
                     Transmission-based precautions among
                        HCP and patients.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Enhanced cleaning and disinfection
                        protocols (e.g., use of EPA-approved targeted disinfecting agents based
                        on suspected pathogen).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Isolating or cohorting patients that
                        exhibit similar symptoms.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Posting appropriate and
                        regulation-required outbreak signage.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Explaining potential risks to
                        visitors. (Requirements to which the facility may be subject may
                        prohibit restriction of visitors except if it poses a risk to other
                        patients and staff.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Postponing or halting new admissions
                        to the facility.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Changing where a procedure is
                        performed or temporarily halting a procedure if it is implicated in the
                        outbreak.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Canceling or modifying group
                        activities until symptoms have subsided. (The time frame for this will
                        depend on the organism in question.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Instituting public health vaccination campaigns or providing private
                        vaccination sites for HCPs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Providing additional educational
                        opportunities.

                     
                     

                  
                  

               
               
               
               Any control measures implemented during an
                  outbreak, or surveillance more generally, should be regularly reviewed to ensure
                  that:

               
               
               
               
                  
                  
                  	
                     
                     
                     They are effective at controlling the
                        outbreak.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Compliance is reached, in terms of
                        both regulatory compliance and staff participation.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Appropriate resources have been
                        allocated (e.g., personnel have access to appropriate PPE).

                     
                     

                  
                  

               
               

            
            

         
         
         
         
            
            
            Communicating with Stakeholders/Preparing the
               Outbreak Report

            
            
            
            
               
               
               
               Throughout the outbreak investigation,
                  the IP should communicate regularly with key stakeholders by providing short
                  reports on the progress of the investigation, control measures that have been
                  implemented, and other pertinent information. In addition, a final report should
                  be issued after surveillance activities are completed (or once an outbreak is
                  declared over) that brings together all previous reports and details the results
                  of the investigation, the efficacy of control measures, and any details related
                  to challenges confronted.

               
               
               
               Establishing clear time periods for reporting
                  should help the IP know what information to include and allow them to show and
                  explain trends and progress to stakeholders. It is also important that the IP
                  work with risk management to ensure that all communications and activities
                  associated with the outbreak are legally protected.

               
               
               
               There is no standardized structure or design
                  to follow when creating these reports. Certain healthcare associations have
                  published guidance materials for IPs and others who may be involved in the
                  composition of the reports.

               
               
               
               If the IP and their team have followed the
                  proper surveillance and outbreak management steps and processes, they will have
                  two valuable sources of information that should be included in the reports: the
                  surveillance plan created at the start of the surveillance program and the
                  outbreak management plan created at the first signs of an outbreak, both of
                  which should have been updated over the course of surveillance activities. These
                  form excellent starting points for creating reports.

               
               
               
               The reports that an IP assembles should bring
                  together all of the data analysis and presentation methods they have learned.
                  Narrative summaries are among the most valuable methods for conveying
                  surveillance findings. Coupled with visual data presentation methods (tables,
                  charts, etc.), an IP can make a compelling and convincing case for implementing
                  control measures or other changes related to processes, outcomes, and
                  practices.

               
               
               
               For example, an increase in UTIs in a
                  healthcare facility may be found to be caused by dehydration, improper perineal
                  care or toileting practices, or improper antimicrobial use, to name but a few.
                  If the UTIs are not associated by organism, person, place, or time, then they
                  would not be considered an outbreak. However, they would still be captured
                  during surveillance, and the IP and their team would have to formulate and
                  implement a plan to address the underlying cause.

               
               
               
               One of the most important things for an IP to
                  keep in mind when composing reports is how useful they will be to others. IPC is
                  a collaborative endeavor, one that is benefited the most when IPs are able to
                  share their findings and conclusions with others in their field as well as the
                  broader scientific community as a whole. 

               
               

            
            
            
            
               
               
               Outbreak Summary Report Checklist

               
               
               
               
                  
                  
                  
                  The Canada Communicable Disease Report (CCDR) has
                     developed a surveillance summary report checklist, which has also been published in
                     the United States by the National Library of Medicine. Below is an example of a
                     surveillance/outbreak checklist that an IP might use when creating their own
                     surveillance and outbreak reports; it is based on the CCDR recommendations.

                  
                  
                  
                  
                     Exhibit 2-43: Outbreak Summary Report Checklist
                     
                     
                     
                     
                        
                        
                        
                        
                           
                           
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Report Content
                                          Item

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Details

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Completed

                                       
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Title

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Infection event

                                       
                                       
                                       
                                       Population

                                       
                                       
                                       
                                       Place

                                       
                                       
                                       
                                       Date or date range

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Summaries

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Brief background

                                       
                                       
                                       
                                       Outbreak
                                          identification

                                       
                                       
                                       
                                       Objectives

                                       
                                       
                                       
                                       Methodology

                                       
                                       
                                       
                                       Results

                                       
                                       
                                       
                                       Conclusions

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Methodology

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Definitions/criteria
                                          used

                                       
                                       
                                       
                                       Sources

                                       
                                       
                                       
                                       Case-finding

                                       
                                       
                                       
                                       Data analysis/methods
                                          explanation and justification

                                       
                                       
                                       
                                       Interventions/control
                                          measures

                                       
                                       
                                       
                                       Outbreak
                                          verification

                                       
                                       
                                       
                                       Hypothesis testing,
                                          if available

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Results

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Descriptive
                                          summary/data

                                       
                                       
                                       
                                       Data quality
                                          report

                                       
                                       
                                       
                                       Data analysis

                                       
                                       
                                       
                                       Visual data
                                          presentation (charts, tables, etc.)

                                       
                                       
                                       
                                       New discoveries (e.g.,
                                          new agents, reservoirs, modes of transmission; legal and
                                          economic impact)

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Discussion

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Summary of key
                                          results

                                       
                                       
                                       
                                       Comparative
                                          analysis

                                       
                                       
                                       
                                       Strengths and
                                          weaknesses

                                       
                                       
                                       
                                       Complications

                                       
                                       
                                       
                                       Interpretation of
                                          results

                                       
                                       
                                       
                                       Conclusion(s)

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Recommendations

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Future surveillance
                                          and control recommendations

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       

                                       
                                       
                                    

                                 
                              

                           

                        
                        

                     
                  
                  
                  
                  The IP should feel free to adjust the contents of
                     their reports (and therefore checklist) based on facility, region, and local
                     reporting requirements. For example, if there are official forms that must be
                     completed, then the IP should follow government guidelines for how and where to
                     complete and include this information.

                  
                  
                  
                  Depending on when the report is filed—during an
                     ongoing surveillance program or outbreak investigation or afterward—the IP may
                     adjust the information included based on the recipient of the report or what has
                     been discovered so far. It is up to the IP to decide what information to include in
                     order to best serve the stakeholders and patient outcomes. IPs should also consider how their report
                     can serve other IPs, who may refer to these reports when designing their own
                     investigations in the future.

                  
                  
                  
                  A key result of a report that contains
                     recommendations is to develop action plans to implement approved
                     recommendations.

                  
                  

               
               

            
            

         
         
         
         
            
            
            Declaring an End to the Outbreak

            
            
            
            
               
               
               
               At a certain point, the IP will need to
                  declare that the outbreak is over or resolved. This decision should be based on
                  clear evidence that the infection has been brought under control, transmission
                  has been halted (that is, new cases have ceased to appear within the relevant
                  time frame, which may be different for different pathogens but is generally two
                  incubation periods), and those affected have started to recover. The IP
                  should then engage in additional follow-up activities to ensure that the
                  outbreak is over.

               
               

            
            

         
         
         
         
            
            
            Follow-Up Activities

            
            
            
            
               
               
               
               IP follow-up activities are iterative and
                  involve quality assurance and performance improvement activities that are
                  crucial to controlling and preventing the spread of transmissible infections in
                  any healthcare setting. An investigation’s follow-up activities are often a
                  collaborative effort between the IP, members of the interdisciplinary
                  surveillance team, and frontline staff engaged in collecting data, implementing
                  control measures, and caring for patients.

               
               
               
               Though some of these activities may have
                  already taken place during the initial outbreak investigation, it is
                  nevertheless important for the IP to consider revisiting these activities:

               
               
               
               
                  
                  
                  	
                     
                     
                     Refining the case definition. As more
                        information becomes available, the IP should refine the case definition
                        to make it as focused as possible on detecting all cases that are
                        potentially associated with the outbreak. This might require that the
                        definition be either narrowed or expanded. This is a process to be
                        revisited whenever new information is discovered.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Continuing case-finding and
                           surveillance. This is a critical step in monitoring the progress
                        of an outbreak. Surveillance activities should continue for a
                        predetermined period after the outbreak has been declared over to ensure
                        that it is truly over. This time period will be determined by the type
                        of outbreak (common or propagated source) and the organism involved.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Regular review of control measures.
                        All control measures that have been implemented should be reviewed to
                        ensure compliance and effectiveness during the outbreak, based on the
                        incubation period for the disease under investigation. The IP should
                        investigate ways to increase compliance, when necessary, and also assess
                        whether any control measures should be discontinued. On the other hand,
                        it may be necessary for certain control measures to become permanent
                        even after the outbreak has ended.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Maintaining surveillance activities.
                        The IP should assess whether surveillance activities need to continue.
                        After the outbreak has ended, it might be appropriate to end active
                        surveillance (e.g., contact by phone or email or face-to-face interviews
                        to obtain follow-up data) but continue passive measures (reviewing
                        reports, records, and so forth). Other sources for the outbreak, such as
                        food or equipment, should be maintained to ensure that the origin is
                        identified and preventive methods are in place and successful.

                     
                     

                  
                  

               
               
               
               
                  Key Point

                  
                     
                     
                     Generally, if active
                        surveillance has been in place and no new cases have
                        been identified during a period twice as long as the
                        incubation period, measures can be discontinued.

                     
                     

               
               

            
            

         
         
   
      
         
         
         Long Description Appendix

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

            
            
            
               
               Exhibit 2-39: Evacuation Decision Flowchart
[image: A decision flowchart illustrates the evacuation process after an event occurs. Read long description below.]
                  
                  
                  
                     
                     	
                        
                        
                        The process begins with “Event occurs”, followed by “Assess status”. 

                        
                        

                     
                     
                     	
                        
                        
                        Three possible assessments: 

                        
                        
                        
                        
                           
                           	
                              
                              
                              No threat to patient/staff safety → No evacuation

                              
                              

                           
                           
                           	
                              
                              
                              Immediate threat to patient/staff safety → Order immediate
                                 evacuation

                              
                              

                           
                           
                           	
                              
                              
                              Potential/evolving threat to patient/staff safety → evaluate
                                 whether to Order post-event evacuation?

                              
                              
                              
                              
                                 
                                 	
                                    
                                    
                                    If Yes → Start Evacuation → Determine sequence of
                                       patient evacuation → Carry out evacuation

                                    
                                    

                                 
                                 
                                 	
                                    
                                    
                                    If No → Wait and reassess → return to Assess
                                       status

                                    
                                    

                                 

                              
                              

                           

                        
                        

                     
                     
                     	
                        
                        
                        There is also a feedback loop to perform an Updated
                           self-assessment.

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-8: Breaking the Chain
[image: Chain of infection with six links: Causative Agent, Reservoir, Portal of exit, Transmission mode, Portal of entry, and Susceptible host. Each includes icons and prevention tips. Go to long description for more details.]
                  
                  
                  This diagram represents the Chain of Infection and strategies to interrupt
                     it. The chain consists of six interconnected links, depicted as metallic
                     chain links in a circular arrangement:

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

                        

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

                        

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

                        

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

                        

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

                        

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

                        

                     

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

                  
                  
               
               Go to image in text.

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

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

                        

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

                        

                     
                     
                     	
                        
                        Clinical stage: Symptoms develop. Aligned with secondary
                           prevention.

                        

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

                        

                     

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

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-6: Web Model of Disease Causation
[image: Diagram of the web of causation showing how multiple factors contribute to disease. Read long description below.]
                  
                  
                  Three central elements—Environmental factors, Social
                     factors, and Host factors—connect directly to Disease in the center.
                     Surrounding these are many contributing factors like climate, food,
                     geography, sanitation, housing, socioeconomic status, politics, culture,
                     physical activity, race/ethnicity, genetics, and age. Arrows show complex
                     interconnections among these factors, illustrating that disease results from
                     many interacting causes.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-40: Generic Line List
[image: A generic line list template adapted from CDC material, used for tracking demographic details, symptoms, diagnostics, and outbreak outcomes of patients during an investigation. Go to long description for more details.]
                  
                  
                  The top section of the table includes fields for “Investigator(s)/primary
                     contact,” “Situation description,” and “Date.” The table consists of columns
                     categorized under “Demographics,” “Location/Transfer Dates,” “Signs &
                     Symptoms (S/S),” “Diagnostics,” and “Outbreak Outcome.” 

                  
                  
                  
                  The “Demographics” section includes columns for “Name,” “Age,” “Sex,” and
                     “Patient/staff.”
                     The “Location/Transfer Dates” section instructs to “List department and
                     dates of admission/discharge.” The “Signs & Symptoms (S/S)” section
                     contains “Symptoms onset date,” “Symptoms,” and “Symptoms duration (days).”
                     The “Diagnostics” section tracks “Specimen collected,” “Date specimen
                     collected,” and “Labs ordered.” The “Outbreak Outcome” section includes
                     columns for “Deceased,” “Recovered,” “Hospitalized (staff only),” and
                     “Case.”

                  
                  
                  
                  At the bottom, a “Symptoms legend” provides codes: AC = Abnormal cramps, F =
                     Fever, H = Headache, M = Muscle aches, N = Nausea, V = Vomiting, D =
                     Diarrhea, C = Cough, O = Other (specify).

                  
                  
                  
                  A “Possible specimen types legend” lists abbreviations: B = Blood, Se =
                     Serum, U = Urine, Sp = Sputum, NP = Nasopharyngeal swab, OP = Oropharyngeal
                     swab, CSF = Cerebrospinal fluid.

                  
                  
                  
                  The “Labs requested legend” defines abbreviations: CX = Culture, PCR =
                     Polymerase chain reaction, ICH = Immunohistochemistry.

                  
                  
                  
                  Lastly, the “Public Health reporting information” section includes fields
                     for: “Facility name,” “City, State,” “County,” “Phone,” and “Email.”

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-24: Data Display Examples for Directional Hypotheses
[image: Two side-by-side bell curves illustrate the difference between one-tailed and two-tailed hypothesis tests. Go to long description for more details.]
                  
                  
                  
                     
                     	
                        
                        
                        The left graph is labeled “One-tailed” with a green curve. A single
                           shaded area appears on the right tail, representing the critical
                           region for a directional hypothesis test where only one end of the
                           distribution is considered.

                        
                        

                     
                     
                     	
                        
                        
                        The right graph is labeled “Two-tailed” with a blue curve. Two shaded
                           areas appear—one on each tail—representing the critical regions for
                           a nondirectional hypothesis test where both ends of the distribution
                           are evaluated.

                        
                        

                     

                  
                  
                  
                  Both graphs show standard normal distribution curves with a dashed line
                     indicating cutoff values.

                  
                  
               
               Go to image in text.

               
            
            
            [image: Four equations. Read long description below.]
                  
                  
                  The four equations are: 

                  
                  
                  
                  
                     
                     	
                        
                        
                        Sensitivity equals True positive divided by (True positive plus False
                           negative)

                        
                        

                     
                     
                     	
                        
                        
                        Positive predictive value equals True positive divided by (True
                           positive plus False positive)

                        
                        

                     
                     
                     	
                        
                        
                        Specificity equals True negative divided by (True negative plus False
                           positive)

                        
                        

                     
                     
                     	
                        
                        
                        Negative predictive value equals True negative divided by (True
                           negative plus False negative)

                        
                        

                     

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-14: Example of a Hand Hygiene Process Checklist
[image: A checklist for evaluating hand hygiene practices across multiple locations. It includes elements such as sink accessibility, sanitizer availability, signage, and education, with columns to mark observations and areas for improvement. Go to long description for more details.]
                  
                  
                  The table is structured for Process Evaluation under the category Hand
                     Hygiene Observation. It consists of columns for elements to be assessed
                     across Location 1, Location 2, Location 3, and Location 4 with checkboxes
                     for “Yes” or “No” responses. There is also a Notes/Areas for Improvement
                     column.

                  
                  
                  
                  The Elements to Be Assessed include: Functioning sinks readily
                     accessible; Sink area clean and dry; Handwashing supplies (soap, paper
                     towels) available; Alcohol-based sanitizer dispensers in the area;
                     Alcohol-based sanitizer dispensers accessible; Alcohol-based sanitizer
                     dispensers functioning; Alcohol-based sanitizer dispensers filled; Signs
                     promoting hand hygiene displayed and visible; Hand hygiene education
                     available; and Hand hygiene education completed.

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-15: Example of a PPE Use Process Checklist
[image: A table evaluates PPE use observations across multiple locations. It includes elements to be assessed, checkboxes for different locations, and a column for notes or areas for improvement. Go to long description for more details.]
                  
                  
                  The table is structured into several columns: Process Evaluation
                     (overarching section), Elements to Be Assessed (listing PPE-related
                     factors), PPE Use Observation (split into Location 1, Location 2, Location
                     3, and Location 4 with “Yes” and “No” checkboxes for each), and Notes/Areas
                     for Improvement.

                  
                  
                  
                  The rows list various PPE-related elements, including:

                  
                  
                  
                  Supply: Gloves available outside each patient room/point of care;  Face
                     masks available outside each patient room/point of care; Gowns
                     accessible, in case needed; Alcohol-based sanitizer dispensers readily
                     accessible and functional

                  
                  
                  
                  Use: Gloves - HCP follow proper donning procedures; Gloves - HCP follow
                     proper doffing procedures; Gowns - HCP follow proper donning procedures
                     (if applicable); Gowns - HCP follow proper doffing procedures (if
                     applicable); Face masks - HCP follow proper donning procedures; Face
                     masks - HCP follow proper doffing procedures

                  
                  
                  
                  Other Observations: Signs promoting PPE use displayed and visible; PPE
                     education available; PPE education completed; HCP follow procedures for
                     proper disposal of PPE

                  
                  
               
               Go to image in text.

               
            
            
            
               
               Exhibit 2-11: Surveillance IPC Plan
[image: Table showing an IPC strategy to reduce CAUTIs in an orthopedic unit. It lists risks, goals, strategies, responsibilities, timelines, measurements, and completion status. Read long description below.]
                  
                  
                  The table is structured with sections under the IPC Plan heading, alongside a
                     Complete column.

                  
                  
                  
                  
                     
                     	
                        
                        
                        Priority risk item: Orthopedic unit CAUTI standardization
                           infection ratio (SIR) has increased from 1.00 to 1.25 in the past 12
                           months.

                        
                        

                     
                     
                     	
                        
                        
                        Goals: Reduce orthopedic unit CAUTI SIR to 0.75 in 6
                           months.

                        
                        

                     
                     
                     	
                        
                        
                        Strategies: 1. Daily catheter need check, during
                           multidisciplinary rounds; 2. Implement nurse-driven urinary catheter
                           removal protocol

                        
                        

                     
                     
                     	
                        
                        
                        Responsible: Primary: Ortho. unit manager; Support: Infection
                           preventionist

                        
                        

                     
                     
                     	
                        
                        
                        Time frame: 1. Within 30 days: Implement daily need
                           assessment; 2. Within 3 months: Plan and implement nurse-driven
                           protocols

                        
                        

                     
                     
                     	
                        
                        
                        Measurements: 1. Monthly CAUTI surveillance; 2. Observational
                           audit of rounds process; 3. Chart audits for compliance with
                           nurse-driven protocol

                        
                        

                     

                  
                  
               
               Go to image in text.
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