CORHA High-Level Guidance Chapter on Investigation of HAI/AR Outbreaks (Draft)

NOTE: This is a “living document” so, as CORHA materials are developed, links will be inserted where appropriate.
	Comment by Kate Heyer: Institute the alphanumeric system a la CIFOR guidance

Gear the language towards what PH should do and what PH should ask the HCF to do. Make it more practical/applied. 

Do a scan of what exists for field epidemiology as it relates to healthcare/AR/HAIs.
Responding to Possible Healthcare-Associated Infection or Antibiotic-Resistant Organism (HAI-AR) Outbreaks
[bookmark: _GoBack]
Introduction	Comment by Kate Heyer: Introduce the key topics here, address later in the chapter.
This guidance was developed to inform the investigation and control of possible HAI-AR outbreaks by public health and healthcare system partners. We use the term response to describe efforts to assess and investigate specific, acute HAI-AR risks, which may take the form of (1) a serious breach in infection control practice, (2) a sentinel case of public health significance (e.g., an unusual HAI or emerging AR threat of public health significance), or (3) a possible or confirmed outbreak.
The type of investigation and appropriate level of response will vary depending on several factors, including the nature of the initial report. Possible HAI outbreaks can be identified by routine, laboratory-based surveillance; routine infection surveillance; or reports from individual healthcare personnel who detect unusual events. 
A systematic approach is necessary to examine the nature and scope of the problem, identify the etiologic agent, define the population at risk, establish the existence of an outbreak, determine risk factors and routes of transmission, implement appropriate control measures and develop strategies to prevent future occurrences. 	Comment by Kate Heyer: And make immediate changes if there is an infection risk. 
While hospitals and other healthcare facilities are responsible for prevention and control practices on their premises, public health officials are responsible for ensuring the health and safety of the population within their jurisdiction, including residents and visitors alike. In this capacity, public health authorities may provide healthcare facilities assistance with epidemiological analyses, laboratory testing, environmental assessments, and other tasks necessary for disease control. Public health partners for HAI-AR response often include state or local health departments, as well as federal agencies such as the Centers for Disease Control and Prevention (CDC) or the Food and Drug Administration (FDA).
This chapter reviews the key elements and steps involved in an HAI-AR response. The content is geared toward situations involving unexplained clusters of infections (i.e., a potential outbreak). For guidance pertaining to the investigation of serious infection control breaches or sentinel cases of emerging pathogens and AR threats, please refer to the www.CDC.gov and www.CORHA.org websites.



Key Elements to Successfully Conduct Outbreak Investigations	Comment by Kate Heyer: Consider making this a figure, making it clear to the reader that we will address in more detail later. 

Include verifying the diagnosis, establishing the existence of an outbreak. 
Overview of Activities
During an investigation, activities may involve:
• Formulating your case definition (person, place, or time) Case finding, including efforts to identify potentially at-risk patients and ascertain their status with regard to signs, symptoms or laboratory evidence of infection; 
• Assessments of healthcare practices to identify breaks in infection control; 
• Epidemiologic studies to evaluate potential sources of exposure, routes of transmission, and disease risk factors;
• Laboratory studies to identify and characterize the etiologic agent (e.g., determine its drug-resistance profile) and the patients’ infection/colonization status;
• Laboratory studies to establish the relatedness of strains obtained from patients, healthcare personnel, medical products, or the healthcare environment;
• Environmental studies that incorporate sampling and testing to identify possible microbial reservoirs, evaluate possible routes of transmission, and inform control measures;
• The quarantine or collection of potentially contaminated medical products (e.g., devices, medications, etc.), if indicated;
• Implementation and monitoring of control measures to correct deficient practices and stop the spread of the infectious agent;
and
• Communication with regulatory partners (e.g., the FDA, accreditation agencies, state survey agencies, professional licensing boards, etc.) to relate findings that might prompt regulatory action to improve the safety of medical products or to remedy lapses in patient care (see Table I); and
• Communication with healthcare providers, healthcare administrators, patients, and others, as necessary to ensure appropriate awareness of investigation findings;
	Table I:  Regulatory Partners*	Comment by Kate Heyer: Connect with communication with regulatory partners section.

	Type of Event
	Agency

	Potentially contaminated medical product or device
	Food and Drug Administration and product manufacturer

	Infection control breach in licensed health care setting
	State regulatory agency and public health agency

	Infection control breach in private practice setting
	Professional licensure board and public health agency

	Drug diversion (e.g., theft or tampering) 
	Professional licensure board, public health agency, and law enforcement agency

	

	*State and local laws differ, and additional notifications may be applicable.



Communication and Coordination	Comment by Kate Heyer: Establishing the roles and responsibilities.
Although most steps in an outbreak investigation follow a logical process—from determining whether an outbreak exists to identifying and controlling the source—multiple steps may occur concurrently. Maintaining close communication and coordination among members of the outbreak investigation team is the best way to ensure concurrent activities are synergistic, to maximize the use of resources, to avoid duplicating or omitting critical activities, and to hasten implementation of appropriate control measures. 
Multijurisdictional Considerations for Outbreak Investigations
Increased reliance on large-scale manufacturing and the global distribution of medical products (devices, medications, etc.) has increased the likelihood of outbreaks affecting multiple jurisdictions. Local and state health agencies must be sensitive to potential regional or national implications of any local outbreak, especially those due to a potentially contaminated product or defect in a medical device. 
Preliminary Assessment 	Comment by Kate Heyer: Move to the front of the cluster/outbreak procedures section. 
Investigators should begin by establishing the existence of an outbreak and generating hypotheses about potential sources of infection. These hypotheses will be refined in an iterative process as additional information becomes available. Key steps in this process include the following: 
• Obtain background rates of infection for the facility, community or specific patient population, if available.
• Determine how the implicated agent was identified and request that specimens or microbial isolates be saved and made available for further testing, if necessary.
• Consult available reference tools, guides, peer-reviewed literature, or subject matter experts to identify the most likely host, agent, exposure pathways and environmental factors associated with the infection or condition.  
• Consider the need for instituting immediate corrective actions or other preliminary control measures.
• Examine the descriptive epidemiology of cases to identify patient, locational, or temporal characteristics that might suggest a particular exposure.
• Interview facility staff (e.g., clinical team members, laboratorians, infection control staff, etc.) to identify potential commonalities among cases and potential exposures. 
Based on this information, investigators can identify possible exposures for further evaluation by epidemiologic, laboratory, or environmental studies. 
Standardized Data Collection Forms 
The use of standardized data collection forms ensures that pertinent information is collected from all patients, medical records and other sources for subsequent systematic analysis. In addition, the use of standardized data elements (e.g., same variable names and attributes) will enhance data sharing and comparisons of exposures between cases and controls and/or within different healthcare facilities/jurisdictions, if indicated. 
The Council for Outbreak Response: Healthcare-associated Infections and Antimicrobial Resistance (CORHA) provides examples of questionnaires used by various health departments to collect exposure information for different pathogens and infection types. These may be used “as is” or adapted to meet the needs of a specific investigation. 
Privacy of Individuals, Patients and Their Families	Comment by Kate Heyer: Permissions required for investigations. ETHICS. Ethics may be covered more fully elsewhere in the HLG.
All outbreak investigations involve collections of private information, such as patient names and medical records, that must be protected from public disclosure. All members of the investigation team—epidemiologists, laboratorians, environmental health specialists, and healthcare personnel—must follow data security practices and comply with relevant state and federal laws, including the Health Insurance Portability and Accountability Act (HIPAA).
Cluster and Outbreak Investigation Procedures
Establishing the Existence of an Outbreak 	Comment by Kate Heyer: Consider moving the lab portion here. 

For reports of infection related to a specific microorganism, procedure, device, clinical setting, and/or clinical service, the following questions should be answered: 
• What is the background rate of infection for the specific organism or site of infection?
• When was the first case detected (date of disease onset or date of specimen collection)?
• How many cases have been identified to date and what methods of detection were used? Are there efforts underway to expand case finding activities?	Comment by Kate Heyer: Could include identifying cases by patient notification/screening and/or a call for cases.
• What symptoms or sites of infection have been involved?  
• What is the severity of illness (colonization, infection, hospitalization/readmission, re-operation, death, etc.) associated with the cases?
• How many patients were likely to be exposed during the timeframe in which the cases occurred? (If indicated, numbers of personnel or visitors should be assessed as well.)
If the number of cases exceeds what would be expected for the patient population in a given timeframe, or if the facility reports a previously unrecognized pathogen/type of infection, further investigation is warranted. A single case may constitute an outbreak. Likewise, if concerning infection control deficiencies are identified as part of the initial report or preliminary assessment, the investigation should continue. 
Assemble and Brief the Investigation Team 
The urgency and intensity of the investigation should be based upon the potential for ongoing transmission and harm, which, in turn, is based on infection type, illness severity, and populations likely to be affected (e.g., infants, elderly persons, pregnant women, immunocompromised persons, etc.). 
Members of the investigation team should be introduced to one another, assigned roles and receive regular briefings on current developments in the investigation. In the event of a large, complex or lengthy investigation, the investigation team should assess the availability of additional staff to assist with its work and consider implementing an incident command structure to formalize roles and communications. Consider the roles and responsibilities of the affected healthcare facility(ies) and their staff; communicate essential details of the investigation team’s approach and expectations regarding the facility(ies) contributions to the investigation. 
For outbreaks involving multiple facilities or jurisdictions, the investigation team should include members from all agencies participating in the investigation and designate one individual as the team lead. 
For outbreaks that may involve a contaminated drug or medical device, the investigation team should notify and engage appropriate regulatory partners (e.g., US FDA, state pharmacy board).
If the investigation cannot be managed with local resources due to its scale, complexity or limited agency expertise, help should be requested as soon as possible from local, state, or federal agencies. 
Verify the Diagnosis 	Comment by Kate Heyer: Verifying appropriate clinical features and timing of their onset. 

The facility’s laboratory should be involved in the investigation as soon as a cluster, outbreak, or unusual event is suspected. Any clinical specimens, microbial isolates or environmental samples should be secured in a manner that facilitates further evaluation and laboratory safety.
If an unusual microorganism is suspected in the outbreak, it is essential to confirm laboratory test results. This may be achieved via a review of test methods or additional testing at either the same laboratory or a reference laboratory, such as the state public health laboratory.  
Previous laboratory records should be reviewed to identify any possible, earlier unidentified cases. 
Establish Case Definition and Classification Criteria
A case definition describes the clinical and/or laboratory-based criteria for deciding whether an individual patient should be included in the investigation. When drafting the definition, it is better to begin with broad criteria that err on the side of sensitivity and then to refine the case definition over time as additional evidence accumulates.  

Investigators often create different subcategories within a case definition, such as a confirmed case, probable case, and possible or suspected case. Confirmed cases usually require laboratory verification. A probable case usually has typical clinical features of the disease without laboratory confirmation. A possible or suspected case usually has fewer of the typical clinical features than a probable case and has no laboratory confirmation. 
Patients may move from one category to another as additional information becomes available. Thus, for example, a case might be temporarily classified as probable or possible while laboratory results are pending. Alternatively, a case may be permanently classified as probable or possible if it is not possible to obtain specimens or if testing is prohibitively expensive, difficult to obtain, or unnecessary to inform patient management. 
Line List or Database 
Information from questionnaires and case reports should be maintained in a consistent format and with appropriate security safeguards. Although a paper tool will suffice when few cases are involved, the development and use of a readily accessible electronic database can be invaluable to ensure all critical team members have timely and salient information during a large or complex investigation. 
INSERT LINKS TO TEMPLATES


Identification of Cases	Comment by Kate Heyer: Clinician outreach and call for cases.
Add PH reporting data for reportable conditions. 
Depending upon preliminary findings, it may be important to seek additional cases to determine the extent of the outbreak, identify prevention and control measures, and monitor for ongoing transmission. In addition, consider the need to collect information on potentially exposed individuals or healthcare personnel, in addition to case-patients. 
Pathogen-specific outbreaks may occur as a result of a common exposure source or through direct or indirect person-to-person contact via the hands of facility personnel, contaminated medical products (devices, medications, equipment or supplies), or tainted food, water, or air. The laboratory is often the primary source of information about pathogen-specific outbreaks. Laboratory partners can assist with timely recognition of an outbreak or additional outbreak cases and provision of essential information on microbial characteristics, such as drug-susceptibility profiles, appropriate methods of specimen collection, windows for detection via laboratory testing, and likely environmental reservoirs.    
Laboratory reports should be reviewed retrospectively to determine when the outbreak or cluster began, to search for additional potential cases, and to establish background rates if applicable.  
Laboratory staff should be questioned to determine if there have been changes in laboratory methods that could explain the unusual rates of detection and to ensure appropriate methods of detection were used. If the laboratory findings/reports are not consistent with the clinical presentation or evidence of infection, consideration should be given to possible contamination during specimen collection, handling, or processing. An investigation of all steps in specimen handling and processing should be conducted to rule-out a pseudo-outbreak due to contamination of specimens following their collection from patients.  
Laboratory staff should be trained to immediately alert the investigation team of any possible new cases and to store clinical specimens or isolates appropriately to ensure further testing can be performed. Specimen retention is increasingly important in the face of widespread use of culture-independent methods to detect specific microorganisms and/or drug-resistant genes. 
Depending upon the clinical syndrome, additional sources of information may be needed to investigate cases. For example, histopathology laboratory results may be necessary to identify invasive fungal infections, such as aspergillosis. Similarly, operating room logs may be necessary to identify patients that return to the operating room for surgical site infections. Other sources may include occupational health records, pharmacy records, radiology reports, admission/discharge records, etc.	Comment by Kate Heyer: Clinic schedule and billing records as a source of data. 

Look at PH reporting (eg, acute viral hepatitis, legionelosis) 
Data Collection and Analysis 
Descriptive Epidemiology 
The analytic approach used in any situation depends on a host of factors, including the circumstances specific to the outbreak (e.g., the pathogen, number and distribution of cases), staff expertise, structure of the investigating agency, and agency resources. Investigators are encouraged to use a combination of analytical approaches, as appropriate to the specific outbreak. 
Descriptive epidemiology is the first stage in an epidemiologic study and is focused on two activities: (1) accumulating data to characterize the outbreak and to inform response activities, and (2) generating hypotheses to account for the data. 
Medical records—including laboratory, radiology, and surgical records—often serve as the basis for data collection. As stated earlier, a standardized data collection tool will ensure that consistent, complete information is collected on all outbreak cases. If a case-control study is begun to test various hypotheses, the same tool can also be used to collect information on control patients.  
The data collection tool usually comprises the following components:
· Patient identifying information, such as name, medical record number, admission date, admission status [admitted from emergency department, home, another facility (name of facility), etc.], discharge date and discharge status (discharged to home, transferred to another facility, deceased, etc.).  
· Demographic information, including age, gender, room location, etc.  	Comment by Kate Heyer: Separate out in a unique bullet-type of unit, occupancy, space for multiple locations where a patient could be during the course of a hospital/LTC stay. How many roommates and where the roommates were before exposure/symptom onset.  
· Clinical information focused on simple, objective criteria to the extent possible. Disease signs and symptoms allow investigators to verify that the case definition has been met. Date of illness onset or specimen collection is needed to chart the time course of the outbreak and, when applicable, the incubation period. Supplementary clinical information, such as illness duration and re-hospitalizations or patient death, help characterize the spectrum of illness.
· Risk factor information should be tailored to the specific disease and situation under investigation.  For example, underlying diseases, surgical procedures (including date and type of procedure, duration, surgical team, operating room, devices used, etc.) and other medical interventions (e.g., medications administered) may be associated with risk of exposure or transmission.  

The CORHA website has examples of tools that can be used or adapted for the following conditions:
INSERT LIST WITH LINKS
In many outbreak investigations, it is helpful to prepare an epidemic curve (i.e., a histogram). Update the epidemic curve regularly to depict the status of the outbreak. Select time scales for the epidemic curve to highlight the agent, type of infection, mode of transmission, and outbreak duration. Notable events, such as implementation of control measures, can also be indicated. 	Comment by Kate Heyer: Distinguish between clinical symptoms and surveillance cultures. 

Dawn: share timeline that includes additional information. Gannt chart style. Template to be referenced in the document. 
The epidemic curve is used to:  
· Depict the magnitude of the outbreak over time—and potentially correlated events—in a simple, easily understood visual format.
· Help distinguish epidemic from endemic disease. 
· Provide clues, based on the shape of the curve, about the pattern of spread in the population (e.g., point source versus propagated transmission).
· Identify the current phase of the epidemic—i.e., on the upswing, on the downward slope, or post-epidemic—to help predict the magnitude of expected cases in the near future.F
· Evaluate the effectiveness of control measures. 
· Identify outliers (i.e., cases that don't fit into the body of the curve), which may yield important clues.
· Deduce a probable time of exposure—if the disease and disease incubation period are known. This information, in turn, can inform development of the data collection tool, which should focus on the identified timeframe.

Descriptive epidemiology provides a critical assessment of the status of the outbreak and often serves as the basis for determining further actions, such as implementing specific prevention and control measures, initiating environmental assessments, and conducting analytic studies to test specific hypotheses. 
After an explanatory outbreak hypothesis has been developed, the next step is to evaluate its plausibility, typically using a combination of epidemiology, laboratory, and environmental evidence. From the epidemiologic point-of-view, hypotheses are evaluated by either (1) comparing the hypotheses with established facts or (2) using analytic epidemiology to quantify relationships and assess the role of chance.
The first method, simple comparisons, is likely to be sufficient when the leading hypothesis is supported by accumulated evidence in an obvious manner and to a degree that formal hypothesis testing is unnecessary. When this is not the case, analytic epidemiology often comes into play. 
Analytic Epidemiology 	Comment by Kate Heyer: Often lacking in HAIs/AR. To be addressed elsewhere. Generally do case-control studies.   

The key feature of analytic epidemiology is a comparison group, which enables epidemiologists to contrast the observed patterns (e.g., incidence rates and odds ratios) among case-patients or exposed persons with those among non-cases or unexposed persons. Do key statistics differ substantially from what should be expected? If so, by what degree? 

This exercise quantifies the relationships between exposures and disease and also enables hypothesis testing with regard to the likelihood of those relationships being due to chance. The two most common types of analytic epidemiology studies used in field investigations are retrospective cohort studies and case-control studies. A prerequisite to the conduct of an analytic study is having a sufficient sample of cases to power the statistical analyses. Additional information about each comprises Appendix A.

Infection Control Assessment	Comment by Kate Heyer: In some situations, there might be a need for on-site direct observation. These domains might not be exhaustive.

Assessment of infection control practices can reveal safety breaches potentially linked to disease transmission. Such an assessment should be based upon the population affected and common patient exposures or other identified risk factors. The following is a partial list of tools developed for various healthcare settings and devices and available from CDC:
· Infection Control Assessment Tool for Acute Care Hospitals [PDF – 433 KB]
· Infection Control Assessment Tool for Long-term Care Facilities [PDF – 104 KB]
· Infection Control Assessment Tool for Outpatient Settings [PDF – 337 KB]
· Infection Control Assessment Tool for Hemodialysis Facilities [PDF – 278 KB]
· Acute Care Facility Multidrug-resistant Organisms Control Activity Assessment Tool [PDF – 402 KB]
· Checklist for Prevention of Central Line Associated Bloodstream Infections  https://www.cdc.gov/hai/pdfs/bsi/checklist-for-CLABSI.pdf 
Implement Prevention and Control Measures
If appropriate disease control measures are known and available, they should be initiated even before an epidemiologic investigation is launched. In general, such measures are directed against one or more segments in the chain of transmission that are susceptible to intervention—agent, source, mode of transmission, portal of entry, host. If appropriate interventions are not immediately obvious, they should be implemented as soon as the evidence base permits. 
Environmental Assessment	Comment by Kate Heyer: Include examples of what to look for—sources of water contamination or medical devices, instances of construction in or around healthcare facilities. 

Surfaces/equipment—proper reprocessing/equipment? EPA-registered disinfectants. 

If you find a deficiency, this is how to address it.

An environmental assessment is a systematic evaluation of environmental factors that may contribute to transmission in an outbreak, as revealed by the initial epidemiological investigation.
The overall goal of the assessment is to pinpoint the conditions that allowed the outbreak to happen, such as:
• Possible points of contamination and contact between the disease agent and vulnerable persons.
• Environmental conditions conducive to microbial survival and/or growth.

Environmental cultures are infrequently warranted and should only be obtained once a potential microbial source or reservoir has been identified and epidemiologically linked to outbreak cases. Since clinical laboratories may not be licensed or able to perform environmental testing, health authorities may require further consultation and additional resources to obtain such testing, if warranted. 
Coordinate Investigation Activities
Timely communication and collaboration are critical throughout the course of the investigation among all investigative partners.  
Arrange for the core outbreak control team to meet daily and for regular updates for the entire, extended team. For example, the public information officer will need to be briefed before any scheduled press briefings. 
Assure that pathogen-specific surveillance—by the healthcare facility and public health laboratories engaged in the investigation—continues unabated, with information on any potential new outbreak-associated cases forwarded to epidemiologists in real time to ensure rapid enrollment of these cases in outbreak investigation studies. Similarly, as investigators acquire information about case-patient exposures in other facilities or case-patient transfers to or from other facilities or across state lines, they should rapidly update the appropriate health authorities and consider whether any information indicates the outbreak might be multi-jurisdictional. 
Finally, the scope of the investigation or the need to identify the source of any product contamination may require engagement of local, state, or federal agencies. 
Monitor the Status of all Investigation Components on an Ongoing Basis.  
Ongoing review of investigation findings—including current case-patient lists, new laboratory data, updated epidemic curves, recent environmental assessment findings, etc.—can raise novel questions or help to answer existing questions related to an outbreak. This information, in turn, may lead investigators to modify existing prevention and control strategies or to adopt new strategies. 
Interpreting Results
The outbreak investigator’s job is to use all available information to construct a coherent narrative of what happened and why. This begins with the initial detection of the outbreak and formation of hypotheses based on the agent’s ecology, microbiology, and mechanisms of transmission in healthcare settings, in addition to the descriptive epidemiology of reported cases. Results of subsequent analytic studies (e.g., cohort or case-control study results) should be interpreted within the context of all investigation findings. When all of these data elements support the primary hypothesis, strong conclusions can be drawn.
Investigators should consider their data critically and question the strength of causal associations, in light of timing, dose-response, plausibility, and consistency of findings. Statistical association between exposure and illness may reflect a causal link, but also may reflect confounding[footnoteRef:1], bias[footnoteRef:2] or chance[footnoteRef:3]. Conversely, failure to achieve a p-value <0.05 due to a small number of cases, faulty sampling method, inappropriate selection of controls, or other factors cannot rule out an association with a potential source or exposure.  [1:  Interference by a third variable that distorts the association between cases and exposures.]  [2:  Any action that systematically distorts findings.]  [3:  A random, unpredictable occurrence that is not due to human intervention.] 

Even well-executed investigations can be inconclusive. Small sample sizes, confounders, common procedures and events can reduce the effectiveness of standard epidemiologic methods. The decision to end an investigation depends on the gravity and scope of the outbreak and on the likelihood that it reflects an ongoing public health threat. 
The most successful investigations are rigorous and evidence-based, but also adaptable, with investigators able to innovate as circumstances demand. Haphazard investigations are unlikely to yield meaningful results.  Facilities or jurisdictions that cannot commit resources to conduct outbreak investigations themselves should do whatever they can to facilitate follow-up of case-patients by other agencies (e.g., counties to states; states to other states or CDC).
Debrief After the Investigation Ends
Conduct a post-outbreak meeting among investigators to assess lessons learned and to compare notes on ultimate findings. This is particularly important for multiagency investigations.
Summarize Investigation Findings, Conclusions, and Recommendations
Investigations that are large, complex or highly consequential for public health and patient-safety demand a more complete narrative report and, potentially, publication in a peer-reviewed journal. Written reports should include the following:
• Background, including information about the outbreak setting, timing, and manner of detection.
• Methods, including agencies involved in the investigation, case definition, details of investigative procedures (e.g., record reviews, patient interviews, environmental assessments, etc.), number of patient specimens and environmental samples collected and tested, and a high-level summary of laboratory test methods and target analytes.
• Results, including number of persons exposed, sickened, hospitalized and deceased; key clinical findings; key laboratory findings; key environmental findings; and epidemiologic statistics, such as odds ratios or relative risks and confidence intervals for risk factors. Include the epidemic histogram and, if possible, timing and impact of control measures.  
• Conclusions, including etiologic agent, transmission route(s), contributing factors, justifications for conclusions, and study limitations.
• Recommendations for (1) abatement of the outbreak under investigation, (2) enhanced surveillance (if appropriate) and (3) prevention of similar outbreaks.
Distribute Report 
Make copies of the report available to all persons involved with the investigation, including:
• Investigation team members and their supervisors. 
• Health department officials and press officers. 
• Regulatory agency officials and press officers. 
• Healthcare facility administrators and providers who reported cases.
• Laboratorians who performed tests.
Also distribute copies of the report to persons responsible for implementing control measures, including 
• Healthcare facility CEO and/or director. 
• Program staff who might oversee implementation of control measures or provide technical assistance. 
• Accreditation organizations or regulatory agencies for which the investigation might have policy or regulatory implications. 

Appendix A
Retrospective cohort studies
A retrospective cohort study—in which the investigator calculates incidence rates for the exposed and the unexposed—is the study of choice for an outbreak in a small, well-defined population. Generally, an exposure is considered a strong suspect if it meets the following criteria:
1. The incidence rate is high among those exposed.
2. The incidence rate is low among those not exposed, so the difference, or ratio, between incidence for the exposed and unexposed is high.
3. Most case-patients were exposed, so the exposure could “explain” or account for most, if not all, cases.
Relative risk. Commonly, the investigator calculates the relative risk (a.k.a. risk ratio) by dividing the incidence of disease in the exposed group by the incidence of disease in the unexposed group. When the two incidence rates are the same, the relative risk equals 1.0, and the exposure is not associated with disease. The larger the relative risk, the stronger the association between exposure and disease.
Statistical significance testing. When an exposure is found to have a relative risk different from 1.0, many investigators perform a chi-square or other test of statistical significance to determine the probability of finding an association as large or larger based on chance alone. This probability is called the p-value, and the smaller the p-value, the less likely it is that the observed association is due to chance. (A purely chance association is considered the “null hypothesis,” which must be disproved to demonstrate causality.) Generally, an acceptable p-value—commonly 0.05 or a 5% probability of a chance association—is specified in advance.
The chi-square test works well if the number of study participants is greater than about 30. For smaller studies, the Fisher Exact Test may be more appropriate. Although this statistic is tedious to calculate manually, it—like all of the statistical tests described here—can be calculated electronically via Epi Info or another computer program. 
Confidence intervals. An alternative to the p-value is a confidence interval, a statistic that combines an interval estimate (i.e., the range of values estimated to contain the true value), with a probability statement that specifies the uncertainty associated with the interval estimate (i.e., the uncertainty associated with the investigator’s sampling methods). The typical 95% confidence interval for a calculated relative risk, for example, indicates that use of the same sampling method to select different case-patients and controls will yield a confidence interval that contains the true relative risk 95% of the time. Less variable data and larger sample sizes will tend to yield narrower confidence intervals and thus more precise estimates of the true relative risk. 
Because a confidence interval provides more information than a p-value, many medical and epidemiologic journals prefer confidence intervals to p-value. However, in the outbreak setting, the difference may be irrelevant. If the objective of an outbreak investigation is to identify the source of pathogenic exposure, a relative risk and p-value may serve as well as a relative risk and confidence interval.

Case-control studies
In a case-control study, the investigator compares the exposure status of case-patients with a comparable group of persons without the disease under study ("controls"). 
Choosing controls. When designing a case-control study, one of the most important tasks is selecting the individuals who will comprise the control group. As mentioned above, the controls must not have the disease under study, but should otherwise represent the population in which the cases occurred. 
Common control groups consist of:
· Random patients admitted to the same hospital unit within the same timeframe. 
· Patients undergoing the same medical procedure. 
· Patients with the same underlying diagnosis that prompted hospital admittance (but without, of course, the HAI under study).  
If the control group differs systematically from the case group, a true association between exposure and disease may be missed or a spurious association may be observed between a non-causal exposure and disease. 
When designing a case-control study, other considerations include the number of controls to select per case and potential confounding due to factors associated with both the exposure and disease outcome that cause a spurious association. Sample size formulas are available to help determine the number of controls per case. Confounding can be controlled by matching cases and controls on the confounding factor during the selection process or during data analysis.
Often, the number of case-patients that can be enrolled in a study is limited by the size of the outbreak. For example, in a hospital, four or five cases may constitute an outbreak. Fortunately, potential controls are usually plentiful. In an outbreak of 50 or more cases, one control per case will usually suffice. In smaller outbreaks, two, three, or four controls per case may be feasible. However, including more than four controls per case is rarely worth the effort in terms of increased statistical power.
Odds ratios. In most case-control studies, the population is not well defined, and the total number of people exposed (or unexposed) to a suspected vehicle or source is not known. Without a proper denominator, incidence rates cannot be calculated. 
Thus, for a case-control study, the odds ratio is the preeminent measure of association. Fortunately, for rare events, such as HAIs and most other outbreak-associated diseases, the odds ratio from a case-control study approximates the relative risk that would have been found if a cohort study had been feasible. 
The odds ratio—the ratio of the odds of exposure among cases to that among controls—is calculated as a/c ÷ b/d where:
a = the number of individuals who are both exposed and have the disease.
b = the number who are exposed and do not have the disease.
c = the number who are unexposed and have the disease
d = the number who are both unexposed and without the disease.
To test the statistical significance of the odds ratio, a chi-square test can be computed. However, it is important to remember that statistical significance is not proof of causality, as the observed result may be due to chance, bias or confounding.  






