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ABSTRACT 

 

Case-control studies are the traditional ways in which foodborne enteric diseases are 

studied and outbreaks are investigated.  This method has some significant limitations and 

biases for diseases with low efficiency reporting rates, such as Campylobacter, a common 

foodborne disease.  Case-case methodologies have been explored for these studies but 

have been implemented without any clear strategy.  This dissertation aims to first, 

determine the common risk factors for Campylobacter in Arizona using the traditional 

case-control study design, second, to systematically compare case-case studies to the 

more common case-control studies, and third, to simultaneously compare the results of a 

community outbreak of Campylobacter using both case-control and case-case study 

designs.  Results from these studies identified some unique risk factors for routine 

Campylobacter infection in Arizona that will be used to enhance surveillance for the 

disease in the state.  A systematic review of case-case studies used for enteric diseases 

found that there are specific recommendations that can be put into place in determining 

what comparison cases should be selected based on the primary aims and goals of the 

study.  Finally, the results of the simultaneous case-case and case-control studies of a 

Campylobacter outbreak showed that these methods may work best in conjunction with 

one another and in doing so, the most accurate depiction of the source of infection can be 

determined.   
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INTRODUCTION 

I.  Explanation of the Problem 

A. Burden of Foodborne Diseases (FBD):  The Centers for Disease Control and Prevention 

(CDC) estimate that in the United States (U.S.) there are approximately 48 million cases of 

domestically acquired foodborne illnesses, resulting in 127,839 hospitalizations and 3,037 deaths 

annually.
1,2

  Of these illnesses, 9.4 million (19.5%) are due to 31 known pathogens, while an 

estimated 38.4 million cases are caused by unspecified agents; these range from unknown agents 

to known agents with currently unproven links to foodborne illness.
2
  While most of these 

incidents result in acute infections, some cases develop chronic conditions such as reactive 

arthritis and irritable bowel syndrome that are only recently being studied.
3
   

Illness resulting from food consumption can be due to a variety of different causes.  While 

contamination of foods with chemicals and pesticides is also a public health concern, the focus of 

this dissertation will be on FBDs due to microbial contamination of foods with a virus, bacteria, 

bacterial toxin or parasite.  In 2011 Scallan, et. al.
1
 estimated the number of domestically 

acquired foodborne diseases associated with 31 known pathogens using a variety of surveillance 

systems and data sources.  For 25 of the 31 pathogens, laboratory-based surveillance data were 

available from 5 different surveillance systems.  For the other organisms, data were based on 

outbreak reports, population surveys, hospital records and serologic data.  More than half of the 

cases were due to norovirus (58%) followed by three bacterial causes, non-typhoidal Salmonella 

spp. (11%), Clostridium perfringens (10%) and Campylobacter spp. (9%).  The most serious 

diseases, those resulting in the greatest number of hospitalizations and deaths, were non-

typhoidal Salmonella spp. (35% and 28% respectively), norovirus (26% and 11%), 

Campylobacter (15% of hospitalizations) and Listeria monocytogenes (19% of deaths). 
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Estimates of the economic burden of FBDs vary, but even minimum estimates range from $14
4
 

to $30
5
 billion a year in the U.S. alone.  In addition to the cost to individuals through healthcare 

and lost wages due to illness, large outbreaks have profound effects on the economy of the 

implicated food item or brand name.  For example, following the 2006 outbreak of E. coli 

O157:H7 in spinach, the overall loss to the spinach industry was estimated to be 43% or $10.6 

million
6
 even though only a single farm was ever implicated.  Brand names stand to lose even 

more, such as the 1993 outbreak, also from E. coli O157:H7, linked to a  Jack in the Box 

restaurant that resulted in estimated losses of $20-$30 million in only three months
7
 and an 

additional $50 million in lawsuits.
8
     

B. General Steps to an Outbreak Investigation:  When cases occur in excess of what is expected, 

public health departments are required, often by law, to investigate.  Outbreak investigations are 

initiated in a number of ways, from routine laboratory reports that are investigated by a health 

department, to a call from an ill citizen who is aware of other people who are also sick.  The 

steps that are taken in each of these circumstances depend on a number of factors, from the 

communicability of the disease in question, the population affected, to the likelihood the 

exposure is still a public health threat.  The following are the general steps that are taken in an 

outbreak investigation; some of these are not done for every outbreak and often they are done 

concurrently depending on the information available at the time.   

 

The first step of any investigation is to confirm the existence of the outbreak.  An outbreak, by 

definition, is any number of cases above the expected baseline.  For some diseases, a single case 

may constitute an outbreak.  For enteric infections, such as Campylobacter, this is much harder 
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to determine because of the underlying endemic or sporadic level of disease.  In these situations, 

surveillance data provide the historical background rates of disease to compare to the current 

incidence of cases.   Included in this step is verification of the diagnosis.  For most enteric 

pathogens reported, a laboratory confirmation is required.  The next major step of any 

investigation is to identify cases and exposed persons.  This may include calling the cases that 

have already been identified to determine if they know of other cases or to contact local health 

care providers to determine if they are noting an increase in the diagnosis of a particular disease.  

For point source outbreaks, where a particular meal or location has been identified, it is also 

important to determine others that may have been exposed, even if they did not become ill.   

 

Once a line list (a list of potentially exposed persons) is generated, the agency conducting the 

investigation must decide what epidemiologic study design they will choose to ascertain risk 

factors of the outbreak.  The choice between a retrospective cohort and case-control study are 

described in further detail in the following section.  Regardless of the study design implemented, 

investigators must develop a questionnaire, ensuring that exposure history is collected for the 

proper duration of time to include the suspected incubation period of the disease.  This 

information may be available from early case-reports, but if the etiology of the outbreak is 

unknown, it may be necessary to ask about all food, water and additional exposures that may 

have resulted in the illnesses for at least a week prior to the onset of symptoms.  These 

questionnaires can then be conducted over the phone, in person, and increasingly, online.  Once 

the interviews are concluded, data analyses may determine what exposures lead to the outbreak 

of disease.  This information can then be used to implement control and prevention measures.  

These may range from education of food handlers on proper hand washing, to tracing back the 
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contaminated food source to the original production site.  All of this should be communicated 

back to the cases as well as other public health agencies and health care providers.   

C. Conducting a Case-Control Study during an Outbreak Investigation:  For all disease 

outbreaks, the traditional approach is to conduct studies where data are collected from both 

people who became ill (cases) and people who did not become ill (controls in a case-control 

study or a comparison group in a cohort study).  Retrospective cohort studies are used when the 

outbreak is among a group that is clearly defined, such as all the attendees of a wedding or 

cruise.  Case-control studies are used for larger populations and for outbreaks where the 

exposure is not as well defined, such as a community-wide outbreak.  The first step in any 

investigation is to interview the cases.  This has its own challenges, but people are often willing 

to provide information on their illness.  The greatest challenge in conducting a case-control or 

retrospective cohort study is finding and interviewing non-ill controls. 
9
  This adds time (from 

days to even weeks) to the investigation, during which additional people may be exposed and 

become ill.  For point source outbreaks, the controls usually know many of the cases and share a 

common exposure history so they are often more willing to provide information.  This is 

generally not true for community-wide outbreaks.  In these studies, investigators are often 

relying upon people who are contacted at random to be willing to answer a time consuming 

questionnaire with no other motivation than good will (since health departments do not have the 

budgets to pay individuals for their time answering questionnaires).  People with a working 

phone number, who are home when the interviewer calls (often between 8am and 5pm) and are 

willing to answer the survey questions may not arise from the same source population as the 

cases.  This selective recruitment or interviewing can bias the results of the study.  To address 

potential biases of confounding, investigators may choose to match the cases with controls on 
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gender, age and geographic area
10-12

 but it is difficult to overcome the greatest limitations of a 

case-control study, namely selection bias and recall bias. 

D. Case-Case Study Design:  One possible way to overcome some of the inherent challenges that 

arise in case-control studies is to conduct a case-case study.  Case-case study designs compare 

one group of cases to another group of cases.  The design has historically been used to compare 

two forms of the same disease
13-16

 or as Rosenbaum
17

 states, two types of cases from different 

origins.  Historically, this study design has been utilized more with cancer and is arguably a 

useful initial step in determining varying risk factors by tumor type.
14,18

   

Recently, a small number of publications have reported on the use of this design to study the 

causation of routinely reported enteric diseases
19,20

 and as a method to analyze outbreak data 

using routine cases as the comparison group.
21

  The hypothesis would be that routine cases are 

different from outbreak cases in a way that allows a measureable difference to be detected.  

Almost all of the published studies have been performed outside of the U.S.  It is unclear if this 

is related to differences in reporting of data or simply a mindset for attempting a new approach.    

While this method may not be as representative as a case-control study, it is much less time and 

resource intensive and reduces both of the biases listed above, as well as minimizing any 

reporting bias because the cases and control-cases have been selected through the same reporting 

process.
21

   The main limitation of this approach will be its inability to identify any differences in 

risk factors asked on routine verse outbreak questionnaires.  This can be addressed by updating 

routine questionnaires on a regular basis as new risk factors from outbreaks are identified. 

E. Campylobacter:  Campylobacter jejuni is one of the leading causes of bacterial foodborne 

gastroenteritis in the world, but has only been recognized as a human pathogen since 1957.
22

  In 
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the U.S., it is estimated to cause as many as two million infections annually (both reported and 

unreported), with an approximate incidence rate of 500 cases/100,000 people.
23

  These infections 

are estimated to cost the U.S. healthcare system $1.7 billion annually and, among all foodborne 

pathogens, are responsible for the second highest loss of quality-adjusted life years (QALY).
4
  

Due to a variety of factors, namely that most cases are relatively mild and self-limiting, it is 

largely underreported, with estimates that for every one case of Campylobacter reported to 

public health agencies, an additional 30 cases remain unreported.
24

  For cases that are seen by a 

health care provider and tested, annually there are 43,000 laboratory confirmed cases, leading to 

approximately 8,463 hospitalizations and 76 deaths.
1
   

F. Overall Goals:  Very few studies have been conducted with an enteric disease comparing a 

case-control to case-case study design and none have systematically compared the case-case 

studies that have been done.  This dissertation will make these comparisons in a study of 

Campylobacter occurring in the state of Arizona. This organism was chosen due to its public 

health impact and availability of both outbreak and routine case data.  Recommendations of 

appropriate use of each study design based on the aims and goals of the study will be reviewed 

and made. 

 

II. Specific Aims and Hypotheses 

Three aims and corresponding hypotheses are the focus of this dissertation and represent three 

separate manuscripts: 

Specific Aim I:  Conduct case-control study of laboratory confirmed Campylobacter cases 

throughout the state of Arizona to describe and assess risk factors for infection 
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(Manuscript 1).  Working in conjunction with the state health department and various county 

health departments, interview laboratory confirmed cases of Campylobacter and two matched 

controls.  The survey will target risk factors for disease in addition to behavioral and clinical 

factors.  It is hypothesized that many previously known risk factors from previous case-control 

studies around the world will be identified through data analyses as well as additional risk factors 

that are specific to the state of Arizona.   

Specific Aim II:  Analyze current case-case studies used for the study of enteric pathogens 

and determine the best use of comparison cases based on study aims and goals (Manuscript 

2).  Review biases that can be reduced with the use of a case-case study design compared to a 

case-control study.  The various uses of comparison cases in current studies can then be 

contrasted and used to describe the strengths, limitations and best uses of each.  Finally, based on 

these analyses, recommendations of most appropriate and future uses for each of these study 

designs can be made.    

Specific Aim III:  Conduct simultaneous case-control and case-case studies and analyses 

associated with a cluster of Campylobacter cases that occurred in Pima County, AZ to 

contrast identification of risk factors and the utility of different study designs (Manuscript 

3).  Interview data on risk factors and clinical information on Campylobacter cases was provided 

by the Pima County Health Department following an increase in the number of reported cases in 

August 2011.  A frequency matched case-control study was completed by interviewing non-ill, 

randomly selected controls.  A simultaneous case-case analysis was conducted using as the 

comparison cases historical Campylobacter data from Pima County residents (2007-2010).  It is 

hypothesized that results from the case-case analysis will yield similar results to the case-control 

study for at least 75% of the known risk factors within an odds ratio (OR) +/- 0.5. 
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III. Significance 

The results of these studies could have two very important implications for health departments.  

Case-case studies can be used to determine the risk factors during outbreaks of certain enteric 

diseases using far fewer resources, in both staff time and expenses, than a comparable case-

control study.  By using existing surveillance data, the source of contamination may be identified 

earlier allowing for a more rapid public health response and avert further exposures and disease.  

At a minimum, this method may be able to aid in the identification of potential risk factors and 

reduce what is often a lengthy case-control interview.
13

  From a methods standpoint, this study 

systematically compares these two study designs, a resource not currently available in the 

literature for an enteric disease.  These assessments will allow for a more standard approach to 

the selection of the comparison cases given the study goals. 

IV. Dissertation format 

This dissertation utilizes the “three paper option” rather than a traditional format.  The review of 

the literature is given below followed by an outline of the present study and executive summaries 

of the three manuscripts produced from the associated studies.  The manuscripts are located in 

Appendices A-C.  The dissertation concludes with overall strengths and limitations learned 

through these studies and conclusions based on the studies as a whole.   
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REVIEW OF THE LITERATURE 

I. Foodborne Diseases  

In order to prevent foodborne illnesses, local, state and federal public health agencies have 

developed surveillance systems to track the incidence of foodborne diseases.  Information from 

these systems is used in investigations of the 

determinants of transmission, identification 

of outbreaks, and monitoring the impact of 

policies.   

A.  Foodborne Surveillance:  For a case to be 

included in a laboratory-based surveillance 

system  a series of steps must be completed;  

1) the person must be exposed to the 

pathogen at a high enough dose to potentially 

cause illness, 2) become symptomatic, 3) 

seek treatment from a health care provider, 4) have a specimen collected (usually stool) and 5) 

tested 6) for the identification of a specific organism in the specimen and finally, 7) a report is 

sent from the laboratory to the health department (Figure 1).  The probabilities that a person will 

take each successive step vary and experts estimate that for every one case reported, another 10 

to 100 go unreported depending on the pathogen.
25

   

County and State Surveillance Systems:  All states in the U.S. have some kind of public health 

surveillance for foodborne illnesses, but each vary in the type of system and the required 

illnesses that must be reported.  In Arizona, our study site, there are 88 diseases or conditions 

 

Figure 1. Steps in Case Reporting  
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that must be reported to the County health departments and then in turn, reported to the state 

health department.  A majority of the foodborne pathogens described in the national estimates 

are required to be reported in Arizona.  However, this is a passive surveillance system and relies 

on reports from laboratories and health care providers to be submitted to the system.   Only a 

portion of these cases are followed-up on by public health staff with in-depth interviews to 

further determine possible causes of the illness and other potential cases. 

National Surveillance Systems:  The CDC utilizes several different surveillance systems to track 

FBD in the U.S.  Routine surveillance information is collected from states on 25 diseases known 

to be linked to food consumption.  These cases may be from an isolated source and not linked to 

a known outbreak.  There are three systems in particular that are of importance:  (1) National 

Notifiable Diseases Surveillance System (NNDSS), (2) Foodborne Disease Outbreak 

Surveillance System (FDOSS), (3) and the Foodborne Diseases Active Surveillance Network 

(FoodNet).
26

    

NNDSS is a passive surveillance system that collects data from all the state health departments 

based on the diseases that are reportable by laboratories and clinicians for each jurisdiction.  

Most of these cases are routine cases (see below for further explanation).  Campylobacter is not 

required to be reported at the National level through this system,
27

  but is required in Arizona.  

FBDs such a as Salmonella, Listeria and botulism are required to be reported due to the severity 

of the potential illnesses.  FDOSS collects reports related to foodborne outbreaks due to both 

microbial and chemical sources.  These outbreaks are reported through the National Outbreak 

Reporting System (NORS) and data are made available through the CDC’s Foodborne Outbreak 

Online Database (FOOD).    
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Another important surveillance tool has come from the public health laboratories.  Following a 

large E. coli O157:H7 outbreak in 1993, CDC officials utilized a method to “fingerprint” bacteria 

known as Pulse Field Gel Electrophoresis (PFGE).
28

   This method allows scientists to determine 

a common source of infection for two seemingly unlinked cases.  In 1996, CDC began a 

surveillance system known as PulseNet that collects the PFGE patterns from six common 

foodborne pathogens from state and local health department laboratories and routinely analyzes 

the database for clusters both within states and across the entire country.  This has made   

detecting outbreaks that occur over large geographical areas and in multiple states easier and 

much more likely.  Often large multi-state outbreaks are missed at the local level because each 

jurisdiction or state may only have a handful of cases.  Once the system identifies a possible 

cluster, epidemiologists in the state or county in which the case resides can conduct a 

questionnaire-interview and work with other areas to compare cases and look for a common food 

source.  Notable outbreaks detected through PFGE include the 2009 Salmonella typhimurium 

outbreak linked to products containing peanut butter, resulting in 714 cases and 9 deaths in 46 

different states.
29

   

FoodNet is a population-based active surveillance system, the goals of which are to estimate the 

incidence of foodborne diseases, monitor for any changes in the incidence of certain pathogens 

and routinely monitor the food consumption habits and illness history of non-cases in the 

area.
30,31

  FoodNet is a collaborative effort between the CDC, 10 state health departments, the 

Food and Drug Administration (FDA) and the Food Safety and Inspection Service (FSIS) of the 

U.S. Department of Agriculture (USDA).  FoodNet began in 1996 in 5 areas around the country.  

By 2008 the surveillance covered 7 entire states (CT, GE, MA, MN, NM, OR, and TN) and  44 

densely populated counties in CA, CO and NY, covering 46 million people or 15% of the U.S. 
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population.
32

  In 2009, the population within the FoodNet surveillance was similar to the sex, 

race and ethnic distributions of the U.S. population, with the exception of Hispanics who were 

underrepresented.
33

   

Data are collected from over 650 laboratories using standard case definitions and methodology 

on nine laboratory confirmed bacterial and parasitic species known to cause FBD; 

Campylobacter, Listeria, Salmonella, Shiga toxin producing E. coli (STEC) both O157 and non-

O157, Shigella, Vibrio, Yersina, Cryptosporidium and Cyclospora.  State and local health 

departments conduct interviews with all cases for basic demographic characteristics, illness 

history, travel history, and questions about specific foods consumed to determine possible source 

of infection and possible links to an outbreak.  This information is used to help describe the 

potential sources of exposure for each illness and inform interventions aimed at reducing the 

burden of FBD. 

In addition to active laboratory based surveillance, FoodNet also conducts large population 

surveys of non-ill individuals.  This survey has been adapted from the Behavioral Risk Factor 

Surveillance Survey (BRFSS) and is conducted every two years.  The most recent survey with 

published results was conducted from 2006-2007 and had approximately 15,000 participating 

adults.
34

  These surveys focus largely on a history of foodborne illness, including symptoms and 

decisions to seek medical care, as well as food consumption, particularly of foods commonly 

associated with disease.  Varying habits based on gender, ethnicity and age can then be 

determined.
35

  This information is extremely valuable during outbreak investigations when trying 

to determine what the “normal” consumption history of the population is and how cases may 

differ.   
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B.  Outbreak verses Routine Cases 

One important distinction to be made in a surveillance system is the differences between 

outbreak and routine/sporadic cases (both terms are used interchangeably in the literature).  The 

primary way in which outbreak cases are different from routine cases is that an outbreak case is 

linked to another case.  This link is often referred to as being ‘epi linked’ because cases have 

similar exposures in place or time.  There is no set number of how many cases are needed to 

constitute an outbreak; for some diseases, as few as one case may constitute an outbreak.  For 

more common diseases, the number will be determined by changes from historical baselines.  

When reviewing surveillance data, the determination of a specific  number of cases occurring 

above baseline levels is used to indicate occurrence of an outbreak, and this number varies 

greatly by the disease (two standard deviations above the five-year historical mean is a 

commonly used alert level).   

 

Routine cases are cases that have no known links to other cases and are treated as isolated cases 

that do not share an exposure history with any other known cases of disease.  These cases are 

thought to represent the endemic level of a certain disease within the community.  Routine cases 

are identified when a person becomes ill, seeks treatment, has a stool specimen taken and tested.  

These tests can be done at hospital, private or state health laboratories.  The results from the first 

two types of laboratories will often only provide information on the type of organism the person 

is ill with (such as Campylobacter jejuni).  Organisms sent to the state laboratory may also have 

PFGE conducted and submitted into the PulseNet surveillance system.   
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There are a variety of different ways that cases are identified.  For outbreak cases, the nature of 

the outbreak often determines how the case is brought to the attention of public health.  For a 

point source outbreak where a single event or food was the cause of the illness, the outbreak is 

often reported by a case that is aware of others being ill.  In this instance, the person who reports 

the outbreak is interviewed, a line list is created to include anyone else who may have been 

exposed, and interviews of all of those individuals are conducted.  Because the cases are linked 

to each other through a known event, they are classified as outbreak cases.  Continuous source 

outbreaks occur when the cases are being exposed to the source of the infection over a longer 

period of time, such as a water source.  This outbreak can occur for a small group, such as a 

family whose well may be contaminated, or for a larger group, like a community whose water 

treatment plant fails.  For community outbreaks, where the source of infection may be 

widespread, the determination of an outbreak case is often more difficult and would ultimately 

be tied to whether or not the case has a history of a common exposure with other cases of the 

same disease.  Multistate outbreaks are simply an extension of community outbreaks.  The 

detection of these outbreaks is rare without the use of PFGE as described above.  As laboratory 

results are sent to CDC with matching PFGE patterns, cases are investigated further to determine 

if a common link exists. 

 

The final way in which outbreak cases and routine cases can differ is in the differential presence 

of risk factors.  For example, most Campylobacter studies have identified the risk factors 

associated with routine cases as consumption of chicken, contact with an animal with diarrhea, or 

drinking untreated water,
36

 whereas the largest risk factor associated with outbreaks of 

Campylobacter has been consumption of raw dairy.
37

  This pattern of differential risk factors for 
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outbreak and routine cases holds true for other enteric diseases such as Salmonella where 

outbreak risk factors such as consumption of peanut butter stands out from the routine case  risk 

factors of chicken or eggs consumption.  It is this distinction in risk factors that often clue 

investigators into the possibility of a routine case actually being tied to an outbreak. This 

difference also highlights the potential that a case-case study design is appropriate for the 

comparison of outbreak and routine cases.  

 

Misclassification of Cases:  With the exception of cases that are reported together as a group 

(such as a report that a large number of people were ill following an event), most cases are 

initially classified as a routine case.  If additional information arises (through an interview, PFGE 

pattern matching, spatial/location mapping (GIS), etc.) that would lead the investigator to believe 

it may be part of an outbreak, it will be investigated as such.  If a link to other cases becomes 

clear, the case will be reclassified as an outbreak case.  However, it is easy to see how an 

outbreak case can be misclassified as a routine case.  To begin with, many routine cases are not 

investigated to the same degree as outbreak cases.  The questionnaires for routine cases are 

created to potentially identify an outbreak.  However, this rarely happens unless the persons 

mention during the interview that they know other people who are sick with the same symptoms 

(this question is asked, but unless the other people who are ill are family or close friends, the 

person may not know others are ill). 

 

In Arizona, if a case is part of a known or suspected outbreak, the questionnaire used in the 

investigation is often either a detailed history of a suspected event (such as a common meal 

shared by all the cases) or what is referred to as a shotgun questionnaire where an extensive 
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history of many possible risk factors is taken (usually food and water exposures).  If however, 

the case is thought to be a routine case, the questionnaire is more generalized and much shorter 

with only a few, common risk factors addressed.   

 

The main investigational difference between a routine case and outbreak case is which 

questionnaire is used.  In addition, because it is required by law that outbreaks be investigated, in 

resource poor health departments, potential outbreak cases are often prioritized over 

investigation of routine cases.  Typically, as laboratory results for a routine case are made 

available to the health department, an attempt is made to contact the case (usually up to three 

attempts) and a routine questionnaire is completed.  The data are then entered into a database. 

Depending on the disease, often little further analysis is done.  For an outbreak investigation with 

a known location, typically investigators will try to identify and interview all of the people that 

were exposed, both cases and those who did not become ill.  Data are analyzed either as a case-

control study or a retrospective cohort study.  For routine cases, controls are rarely interviewed.   

C. Advances in Methodology:  Surprisingly, there have been few advances in the methodology 

of enteric outbreak investigations beyond basic ‘shoe leather’ epidemiology techniques.  The 

challenges of these studies, as described above, have only become more difficult as people 

become less likely to have a home telephone or have the ability to screen phone calls.  One 

methodology that has only recently been utilized for outbreak investigations is the use of 

internet-distributed surveys.
38-42

  The vast majority of articles describing this method find that the 

benefits seem to outweigh the potential biases, especially with regard to a timely public health 

response.  The benefits of using internet based surveys are reduced staff time for both interviews 

and data entry, as well as less time for survey completion for the participant and higher rates of 
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satisfaction.  One of the greatest benefits of an online questionnaire verses a paper-based survey 

is in the response rate by time.  Parry et. al.
41

 compared the interview response rates for an 

outbreak of 89 people between a paper (75%) and online-based questionnaire (83%).  While the 

overall rates were not that different, the main differences were seen when reported over time.  

Within the first 24 hours of the survey’s release, 42% of the questionnaires had been completed 

online while 0% had been completed over the telephone.  By day 5, 65% of the web-based 

questionnaires had been completed compared to 16% of the paper-based surveys.  In the end, the 

investigation was completed in 14 days for the online survey verses 60 days for a comparable 

paper-based survey.  For an outbreak that involves a food product that may still be on the market, 

this reduction in time can lead to an earlier identification of the source of the infection and 

prompter public health action, reducing additional exposures and subsequent illnesses. 

However, this method does have some disadvantages, namely in possible selection bias and 

information bias through incomplete data.
39

  While surveys done over the telephone or in person 

can result in incomplete data, a well-trained interviewer will often successfully get responses to 

all questions within the survey.  With an online questionnaire, investigators are relying on 

participants to complete all of the questions in the survey without any additional prompting or 

information.  For information, such as food history, this can potentially lead to the identification 

of an incorrect food item or result in not enough information to make any determination of the 

source of infection.  Selection bias may be of concern if a survey is sent to a cohort of people 

who were all potentially exposed and the people who were ill are more likely to complete the 

survey than those who were not.  While this also occurs in telephone-based surveys, the initial 

selection bias (whether the person answers their phone) is not likely related to their illness 

history and a well-trained interviewer can often convince both cases and controls to complete an 
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interview once they have been contacted.  This difference in response of cases and controls can 

lead to a significantly different attack rate from one method to the other,
39

 and should be 

considered if conducting only an internet-based outbreak investigation.   

Other alternative designs have been suggested such as the case-chaos study.
43

  This methodology 

randomizes the responses for cases to use as permuted data that could then be used as a 

comparison in a logistic regression.  Initial reports showed that for foodborne outbreaks, this 

method may prove useful although additional studies are needed.   

 

II. Campylobacter  

A.  Morbidity and Mortality:  By 2001 incidence rates in the U.S. of reported Campylobacter 

cases had decreased approximately 30% from a high of 24.6/100,000 in 1997,
44

 but from 2002 to 

2008 annual rates had leveled off  and have been on the rise since for the last three years.
45

  2010 

FoodNet data reported an incidence rate of 13.58/100,000 in 2010,
32

 much higher than the 

Healthy People 2020 objective of 8.5 cases/100,000 people.  Since 2002, the incidence rate of 

Campylobacter in Arizona has been higher than estimated U.S. rates
45

 with the exception of 2006 

when it was just slightly lower
46

 (Figure 2).  Arizona reported a rate of 14.7/100,000 in 2010.  

Incidence rates in the European Union are even higher, with a rate of 45.2 cases/100,000 

people.
47
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Figure 2. Annual Rates of Campylobacter Infection in Arizona and U.S. 

 

Gender:  A study of the trend in incidence from 1996-1999 among FoodNet sites found that men 

had a higher incidence of disease across all age groups than women.
23

  An additional study that 

covered 10 years of FoodNet data found the same trend with a higher incidence rate among men 

(15.1 cases/100,000) than women (12.6 cases/100,000).
44

  This difference among men is seen 

across all age groups.  It has been hypothesized that for adults this could be due to riskier 

behavior in food handling practices
48

 and food consumption among men.
49

  Among children, this 

pattern of higher rates of disease in boys has also been observed for other infectious diseases 

including Salmonella and Shigella.  It has been hypothesized to be a result of higher 

susceptibility to these diseases, due to a higher prevalence of certain factors such as immune 

deficiency.
50

 

Age:  Everyone is at risk of infection if exposed, but in industrialized countries, a higher 

proportion of cases is seen in children under 5 years of age (the highest rate in children 6-12 

months) and people 15-29 years old.
24

  In developing countries, young children can have up to 
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two episodes of illness per year but the disease is rare after those early infections
51,52

  (see below 

for more on the role of immunity).  In Arizona, the highest rates are among children 0-4 years 

with a rate of 32.5/100,000 (24.4/100,000 for U.S.
32

) compared to the overall rate of 13.3 in 

2009.
53

  A bimodal distribution by age has been observed in multiple studies with the highest 

rates among children ages 4 and under and adults ages 20-29.
10,22,23,44

  However, following some 

important health outreach campaigns in England and Wales, incidence rates among all age 

groups decreased markedly with the exception of people ≥ 60, where specific risk factors among 

the elderly remain unidentified.
54

 

Ethnicity:  In the past decade in the U.S., rates among Hispanics have been higher (31.6 

cases/100,000) compared to non-Hispanic Whites (21.4 cases/100,000).
23

  However, because 

many of the studies on Campylobacter have been conducted in Northern European countries, this 

is a trend that has largely been uninvestigated.  In 2010, reported incidence rates in Arizona were 

10.2 cases/100,000 for Hispanics and 6.5 cases/100,000 for non-Hispanic Whites, however both 

rates are much lower than those reported for Native Americans (41.6 cases/100,000).
55

     

Seasonality:  There is also a clear seasonality of Campylobacter infections, with the highest rates 

occurring in the summer months, 4.9 cases/100,000, compared to 2.1 cases/100,000 seen in the 

winter months.
44

  It is unknown if this variability is due to differences in food consumption 

choices and practices, such as increased  BBQ  meat consumption, or changes in other risk 

factors such as increased traveling abroad during  summer months.
23

    

Geography:  Among FoodNet sites there is also a large variation in incidence by geographic 

area, with the highest rates reported in California.
23

  A study was conducted to determine if the 

variation in rates was due to differences among health-seeking behavior or common risk factors. 
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While some differences were observed, none were statistically significant leaving the observed 

association largely unexplained.
56

  These studies did not take into account or adjust results for 

ethnicity. 

Symptoms:  Following an average incubation period ranging from 2 to 5 days, the onset of 

symptoms generally include fever, diarrhea, abdominal cramps and vomiting.
57

  Other symptoms 

can include bloody stools, fecal leukocytes, muscle aches, nausea and headache.  For most 

people, the disease is self-limiting and does not require antibiotic therapy.  For those that do, 

erythromycin or ciprofloxacin is the preferred antibiotic used, generally due to increased 

fluorquinolone resistance.
24,58

   

Among culture-confirmed cases, the hospitalization rate is 21%
59

, although the death rate is low.  

With a mortality rate of 0.1%, death occurs usually as a result of bacteremia, mostly among 

immunocompromised individuals.
24

 

Disease Complications:  The most commonly observed complication of Campylobacter infection 

is the onset  of Guillain-Barre syndrome (GBS) that occurs in approximately 1 in every 1,000 

cases.
60

  GBS is a rare autoimmune condition (incidence rate of 1.3/100,000 worldwide) whereby 

the body’s immune system attacks sections of the peripheral nervous system leading to 

ascending paralysis.
61

  Recent studies have shown that approximately 31% of GBS cases are  

attributed to a previous Campylobacter infection; clinical symptoms of GBS usually begin 10-21 

days following the onset of diarrhea.
61

  This outcome is thought to be due to the organism’s 

polysaccharide capsule which is similar in structure to host cell gangliosides,
62

 although it is 

unknown whether this limits the immune system’s response or causes more invasive disease.
52
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Other chronic conditions of Campylobacter infection are reactive arthritis, which occurs in about 

0.7- 2.6% of cases, and irritable bowel syndrome.
59

 

B.  Microbiology & Immunology:  Campylobacter jejuni is one of sixteen species of the 

Campylobacter genus that is part of the family Campylobacteriaceae.
63

  Approximately 90% of 

human infections are caused by C. jejuni and C. coli, with C. jejuni accounting for the vast 

majority of illnesses.
63

  Campylobacter jejuni is a non-spore forming Gram-negative 

microaerophilic rod.
24

  The organisms grow best in low oxygen (3-5%), thermotolerant (41° C) 

conditions with a pH range of 6.5-7.5.
47,63

  Despite these known conditions, the organism has 

been historically difficult to grow in the laboratory, further complicating the ability to study the 

organism or detect easily for surveillance purposes.     

Infection in humans:  The infective dose in humans is not fully understood given the lack of 

human feeding trials.  An early study by Black et. al. in 1988 found that as few of 500 cells could 

cause infection.
64

  A more recent laboratory study reported the infectious dose of 50% of 

participants (ID50) to be 10
5
 cells for a laboratory strain; however the wild type may be higher or 

lower.
65

  In an interesting approach, Teunis et. al. used data from two separate outbreaks in 

children associated with the consumption of raw milk in a quantitative risk assessment to create a 

dose-response curve for infection and illness separately.
66

  The results showed a clear 

exponential dose-response relationship at low doses between the quantity of milk consumed and 

the likelihood of reported symptoms.  Ultimately, they found that infection can occur at very low 

doses.  At much higher doses, the probability of becoming ill given infection approaches 80% 

among children, contrasting the results (20-40%)
65

 found among healthy adult volunteers in 

feeding studies, possibly due to a lack of protective immunity.  
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Once ingested, the mechanism of action of the organism is also not well understood compared to 

other enteric pathogens.  Part of this stems from the fact that the pathogenesis observed in C. 

jejuni is very different from other and better studied organisms.  The overall mechanism of 

action involves colonization of the small intestine following invasion into the colon.  The 

invasion then causes cellular inflammation and reduces the intestine’s ability to absorb water and 

leads to the most common symptom of diarrhea. 

There are four main virulence factors associated with Campylobacter:  (1) motility through 

flagella, (2) adherence to intestinal mucosa, (3) invasion through chemotaxis, and (4) cytolethal 

distending toxin (CDT).
47,63,67,68

  Different species of Campylobacter exhibit different flagella 

structures.  For C. jejuni, the polar flagellum appears to be responsible for aspects of 

colonization, virulence, secretion and invasion,
60

 although many of these associations require 

further studies.  The ability of the organism to adhere to cells is thought to be related to the 

severity of the symptoms.  This adhesion ability allows the organism to bypass the mucus layer 

of the small intestine and reach the epithelium cells.  There, the organism invades the cells of the 

colon and has been observed in cell biopsies of affected patients.
63

  The final known virulence 

factor is the production of the three subunit holotoxin Cytolethal distending toxin (CDT).  The 

toxin leads to cell death by causing the cells to stop in the G2/M phase of the cell cycle and 

preventing mitosis.
47

  CDT is also responsible for some, but not all, of the secretion of the 

cytokine interleukin (IL)-8
60

 and ,while it is an important virulence factor, strains without CDT 

have also been found in clinical isolates of patients with common symptoms.
69

  IL-8 is also 

secreted when toll-like receptors (TLRs) (part of the gut innate immune response) are activated 

following the disruption of the intestinal lining.  Either way, once the cytokines are released, 

neutrophils are recruited as part of the immune response and this process results in the diarrheal 
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symptoms that are hallmark of the disease.
58

  Figure 3 details the innate and immune response to 

Campylobacter infection, as well as the response following re-infection.  Many of the factors 

related to these responses are still unknown.  The lack of many of the common virulence 

mechanisms seen in other enteric organisms has led to the hypothesis of a immunopathological 

model for disease;
58

 meaning that the symptoms of the disease are more of a result of the host 

immune response, rather than any intrinsic virulence factors expressed by the bacteria. 

Figure 3. Mechanisms of Action for the Human Immune Response to Campylobacter Infection 

 

Immunity:  Recent studies have begun to take immunity into account, both to explain the 

mechanisms of action and the observed epidemiology.  In a review by Havelaar, et. al.,
52

 the role 

of immunity was addressed, as well as how variable levels of immunity in a population affect the 
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interpretation of disease trends and what effects that may have on both epidemiology and risk 

assessment studies.   

As discussed above, a single infection of Campylobacter will not lead to long term immunity, in 

part due to the highly variable antigenic strains found in the environment.  However, recent 

studies indicate that repeated exposure from a variety of strains may lead to an immune response 

that would allow for enough protection to keep a person from developing symptoms.
52

      

Some of the hypotheses related to immunity are based on epidemiological observations that have 

found that the populations affected by disease are quite different in developing compared to 

developed countries.  In developed countries, people on average have less than one 

Campylobacter infection in their lifetime, although this figure may be due to the underreporting 

discussed above.
57

  The result of this low level of exposure is no widespread immunity within the 

population.  Children have the highest rates of disease in both areas, but only developed 

countries have a bimodal distribution with another peak in cases 15-29 years old.  This may be 

due to children leaving the environment in which they grew up and either being exposed to 

different strains of the disease or having sub-optimal kitchen hygiene practices.
52

  

In developing countries, endemic levels of exposure are much higher.  Children can have 

multiple episodes of the disease but illness among adults is rare, possibly because frequent 

exposure increases tolerance to the organism and results in less illness.
58

  Symptoms in 

developing countries are also notably different, with bloody stools being a rare symptom, 

compared to cases in developed countries.
52

  The differences in case presentation between these 

two populations is likely due to children in developing countries being frequently exposed to a 
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variety of endemic strains.  This long term immunity does not, however, protect against 

asymptomatic re-infection.   

Another interesting observation was found among occupationally exposed workers.  In a 

serologic study of poultry workers, elevated levels of anti-Campylobacter antibodies were found 

and those with the longest duration of exposure had the highest levels.
70

  In outbreaks related to 

this same field it was determined that while immunity can develop, it can also be overcome with 

either exposure to elevated doses or variable strains.
52

 

Impact of Immunity on Epidemiological Studies:  One of the conflicting results seen in multiple 

case-control studies of sporadic Campylobacter in developed countries has been risk factors that 

at times appear to be protective against the disease.  One common example is seen with chicken 

consumption.  It is known that chicken is a major reservoir for the organism, however while 

chicken consumed in a restaurant is found to be an elevated risk factor, chicken consumed in the 

home has been found to be protective.
10,11,36

  The reason for these results has not been 

determined, but one hypothesis is that people develop a level of immunity to strains of 

Campylobacter commonly found on chicken brought into the home where exposure levels are 

common, but when they eat away from home they may be exposed to different strains or higher 

doses, against which they have little or no immunity.
52

   

It is also possible that controls in these studies have had asymptomatic infections as a result of 

only consuming chicken in the home, leading to odds-ratios that are biased towards the null and 

the conclusion that chicken consumption in the home is somehow protective.  This concept was 

investigated by Swift and Hunter
71

 with the conclusion that immune status does likely explain 

some of the protective associations observed in studies of many infectious diseases.  Rothman 
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and Mahon
72

 concluded that the confounding introduced by immune status could be controlled 

for with common data analyses techniques, however it would be necessary to know whether the 

cases and controls had any previous exposure to the risk factor of interest, which may be difficult 

to evaluate in a study of Campylobacter where risk factors can vary .  

Impact of Immunity on Risk Assessment Studies:  Of the four risk assessment steps, hazard 

identification, exposure assessment, hazard characterization and risk characterization, immunity 

to Campylobacter may affect the last two.  Risk characterization for microbial pathogens is 

largely related to the development of a dose-response model.  These models determine the 

probability of illness given exposure to a certain dose of the organism.  This is determined by the 

product of the probability of infection given exposure with the probability of illness given 

infection.
73

  Most early feeding studies on which many dose-response models are based did not 

take the level of immunity of the participants into account;
64

 those that did found that people who 

were sero-negative before initial exposure had the highest proportion of disease.
52

   

In risk characterization, multiple exposures are taken into account by estimating the risk for each 

previous exposure independently.  If protective immunity develops over time with increased 

exposures, it invalidates the underlying assumption that each additional exposure is independent.  

This can be accounted for by either taking into account factors that contribute to immune status, 

such as history of exposures or age, or creating more complex dynamic models that take into 

account the development of varying levels of immunity.
52

 

C.  Risk Factors:  A variety of risk factors have been identified for Campylobacter infection 

through both outbreak investigations and case-control studies of sporadic/routine cases.  

Outbreaks of Campylobacter are rare compared to other enteric diseases, such that the vast 
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majority of reported cases are classified as sporadic and considered part of the endemic level of 

disease.  As noted earlier, risk factors are also commonly different for these two types of cases.   

Major Outbreaks:  Of the outbreaks that do occur, the most commonly associated causes are 

consumption of raw dairy or contact with untreated water.  In 2010, CDC reported 29 outbreaks 

associated with Campylobacter, compared to 134 outbreaks of Salmonella during the same time 

period.
74

  Of the 20 with a known cause, 14 were due to consumption of raw or unpasteurized 

milk or dairy products.  A ten year study of outbreaks found that the vast majority were due to 

foodborne transmission (86%), followed by water sources (9%) and contact with animals (3%).  

For the foodborne outbreaks where a source was identified, the greatest number were tied to 

dairy products (29%), poultry (11%) or produce (5%).
75

  A more recent study attributed just over 

half (50.8%) of all Campylobacter outbreaks to dairy product consumption.
4
  Differences in 

strain by predominate risk factor have not been reported in the literature. 

Unpasteurized Dairy:  A recent study found that the risk of an outbreak associated with 

unpasteurized dairy consumption was 150 times higher than outbreaks associated with 

pasteurized dairy.
76

  While risk associated with consumption of unpasteurized milk is not wide-

spread due to a variety of laws prohibiting its sale, unpasteurized cheeses pose a risk to a larger 

number of people due to its availability and poor labeling, which would identify it as a high risk 

food.  In Arizona, queso fresco, or fresh cheese which is often unpasteurized, is a commonly 

identified risk factor and is used frequently in Hispanic meals.  

Waterborne Outbreaks:  While much less common than foodborne transmission, outbreaks of 

Campylobacter due to waterborne transmission also occur.
77-80

  The largest outbreak ever 

recorded occurred when the municipal water supply in Walkerton, Ontario was contaminated 
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with both E. coli O157:H7 and Campylobacter.
77

  The outbreak led to 2,300 illnesses and at least 

7 deaths.  Following this outbreak, a cohort study was initiated among the residents of the 

town.
81

  Multiple follow-up studies have been published on both the dose-response and long-

term sequelae such as irritable bowel syndrome,
82

 reactive arthritis,
83

 hypertension and kidney 

function.
84

  All studies found an association with the severity of acute illness and incidence of 

long term health consequences.  In addition to untreated drinking water, recreational water 

exposure has also been linked to disease transmission.
85

  

Case Control Studies:  As mentioned previously, the vast majority of Campylobacter cases are 

sporadic in nature and not related to a known outbreak.  A number of case-control studies have 

been conducted in various populations.  A selection of these studies is outlined in Table 1
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Table 1. Selected Case Control Studies of Sporadic Cases of Campylobacter  

1st Author 

Pub 

Year 

Study 

Year 

Data 

Source Country # cases # controls Significant Risk Factors 

Friedman
36

 2004 1998-

1999 

FoodNet US 1316 1316 travel abroad, restaurant chicken, 

Eberhart-

Phillips
11

 

1997 1994-

1995 

Home 

interviews 

New 

Zealand 

621 621 raw or undercooked chicken, overseas travel, raw milk,  

puppies & calves 

Kapperud
12

 2003 1999-

2000 

LC & PR Norway 212 422 untreated water, bbq foods, eating poultry purchased raw,  

occupational exposure to animals, eating undercooked pork 

Neimann
86

 1998 1996-

1997 

LC & PR Denmark 282 319 eating undercooked poultry, eating red meat at bbq,  

grapes, unpasteurized milk, foreign travel 

Neal
87

 1997 1994-

1995 

self-admin 

Q 

England 531 512 foreign travel, diabetes mellitus, anti-secretory drugs,  

puppies, chicken, drinking milk with bottle top  

damaged by a bird  

Schorr
88

 1994 1991 self-admin 

Q 

Switzerlan

d 

167 282 travel abroad, foreign born, chicken, chick liver 

Potter
89

 2003 2000-

2001 

self-admin 

Q 

US 83 122 poultry husbandry 

Harris
90

 1986 1982-

1983 

group 

health plan 

US 218 526 chicken, cornish game hen, turkey lunch meat,  

raw/rare fish, shellfish 

Saeed
91

 1993 1982-

1983 

group 

health plan 

US 218 526 animals with diarrhea 

Adak
10

 1995 1990-

1991 

phone 

interviews 

England& 

Wales 

598 738 occupational exposure to raw meat,  

animals w/ diarrhea, (chicken at home and occupational exposure to 

livestock protective) 

Tenkate
92

 2001 1996 LC & PR Australia 81*  144* pet puppy, pet chickens,  consumption of mayonnaise 

Wingstrand
9

3
 

2006 2000-

2001 

LC & PR Denmark 74 114 consuming fresh, unfrozen chicken  

Stafford
94

 2008 2001-

2002 

LC & PR Australia 881 883 consumption of poultry (both cooked and undercooked) and offal, contact 

with chickens and dogs for children <6 mo 

Ethelberg
95

 2005 1991-

2001 

Population 

registry 

Denmark 22,066 318,958 home in rural area (especially for children), drinking water company, 

contact with animals 

*Children 0-35 months 

LC & PR – Laboratory confirmed cases & population-based registries 
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The most common risk factors associated with sporadic cases of Campylobacter are poultry 

consumption, contact with animals, raw dairy consumption, BBQ meats and foreign travel.  A 

recent meta-analysis of sporadic human campylobacteriosis in developed countries included 38 

separate case-control studies.  They found that across all studies, foreign travel was the largest 

risk factor (OR=4.9), followed by consumption of undercooked poultry (OR=3.4), environmental 

exposure (i.e. exposure to untreated water through drinking or recreation) (OR=3.2) and contact 

with farm animals (OR=2.6).
96

 

Poultry:  Campylobacter is commonly found in the gut microflora of many farm animals, 

including chickens, turkeys, cattle, sheep and pigs.
24

  While it does not account for all 

Campylobacter infections, poultry consumption is generally thought to be the single greatest 

cause of disease in humans.  In one example, following a dioxin contamination of chicken and 

eggs in 1999 that lead to a community-wide reduction of consumption, the number of infections 

dropped 40% in Germany.
97

  The use of population attributable risk estimates in Australia found 

that 29.3% of Campylobacter cases were due to chicken consumption.
94

  An additional study in 

the U.S. found that Campylobacter infections due to contaminated poultry accounted for the 

highest cost of illness ($1.2 billion annually) of any other food-pathogen combination.
4
    

Contact with Animals: Risk of disease associated with animal contact is highly contingent not 

only on the type of animal, but the health of the animal.  Early studies indicated that animals with 

a history of diarrhea lead to higher risk of human disease.
91

  Additional studies have confirmed 

this and found that any contact with either farm animals or pets, or their feces, can lead to an 

increased risk; although contact with puppies and livestock have had the highest rates.  Children 

are at a much higher risk from this exposure than adults (OR=21.0 for farm animal exposure 
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among 2-12 year olds compared to OR=2.0 for those ≥12 years).
36

  In a study of children 0-35 

months, the two most significant exposures were ownership of a pet puppy or pet chickens.
92

 

Travel:  What is most interesting about foreign travel is that this risk factor is consistent across 

countries, regardless of the country the case was from (all developed countries) or the country to 

which the case was traveling (developed or developing countries).  This may be a further 

indication of the role of immunity, where people are being exposed to novel strains of the 

bacteria to which they have no tolerance.  Many of these studies however, did not adjust for 

seasonality and summer months account for both a natural spike in disease and higher levels of 

travel among many North Americans and Northern Europeans.   

While these studies have provided public health with many of the risk factors that can be targeted 

during an investigation, there are still a large portion of cases that are due to unknown causes.  

Of the 38 studies reviewed in the meta analysis, only 3 took place in the United States.  One only 

focused on exposures in rural settings,
89

 the second took place in Colorado but was conducted 

over 30 years ago,
98

 and the largest one used only FoodNet sites.
36

  None of the FoodNet sites 

are necessarily representative of populations in Arizona.   

D.  Reducing Incidence of Infection 

There have been a number of strategies considered to help reduce the incidence of 

Campylobacter infections.  In developing countries, these interventions, like those related to a 

number of infectious diseases, are mainly focused on sanitation and the availability of clean 

water.  In developed countries, the risk factor that is the most amendable to change and affects 

the most people is related to poultry consumption.  While educating people on the dangers of 

consuming undercooked poultry is important, the majority of cases do not report knowingly 
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eating poultry undercooked.
94

  In order to reduce the risks due to poultry consumption, the food 

industry has focused on four major targets: (1) decrease the number of poultry flocks colonized 

with Campylobacter, (2) decrease the bacterial counts on birds prior to slaughter, (3) avoid cross-

contamination during the slaughtering process, and (4) freeze meat known to be contaminated to 

reduce the bacterial counts.  These steps are all aimed at the pre-consumer level and have been 

successful at dramatically reducing the rate of infection when implemented.
58

     

III. Utilization of Case-Case Studies  

A.  Strengths and Limitations of Case-Case Studies Compared to Case-Control Studies:  For 

Campylobacter and Salmonella, the estimate is that 1 in 30 and 1 in 29 cases, respectively, are 

reported to a public health agency.
1
  With the exception of a serological study, it is impossible to 

know anything about non-reported cases.  The argument for case-case studies is that the inherent 

dissimilarities between reported and non-reported cases are suggestive of some fundamental 

differences between reported cases and non-ill controls.  This argument is strengthened by the 

estimation that for FBDs in general, reported cases only represent 2.5% or less of the population 

(people who, if they became ill would complete the process to become a reported case).
20

  By 

conducting a case-case rather than a case-control study, many of the inherent biases can be 

controlled; biases that may be so great in these circumstances as to inherently affect the results of 

the study.  Table 2 compares the potential strengths (+) and weaknesses (-) of both the case-

control and case-case study designs for enteric pathogens based on literature and comparisons of 

the basic study designs.  While a case-case study is not ideal for every circumstance, it has 

distinct advantages.  Foremost of which, is the ability to be conducted quickly and inexpensively 

and the reduction of both selection and recall bias.  
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Table 2. (+) Advantages and (-) Limitations of Case-Control and Case-Case Methodologies; those categories without references are 

based on theory  

 

Case-Control Methodology Case-Case Methodology 

Selection Bias  (-) Population-based controls are identified and 

recruited through a different process than the 

cases.
99

 

(+) Cases and comparison cases both identified through same 

surveillance system.
20

 

Recall Bias (-) Occurs when controls recall information 

differently from cases by virtue of not 

experiencing the disease. 

 (+) Reduced due to both groups experiencing some symptoms.  

May be relevant for comparisons of different subtypes or agents 

that result in more severe symptoms or different incubation periods. 

Information 

Bias 

 (-) Unknown whether controls are truly disease 

free.  Specifically known as a misclassification 

bias. 

 (-) Possible; risk factors for some diagnoses may be well known to 

interviewer and possibly the case, leading to additional information 

on these risk factors reported.
19

 

Representative  (+) Measures exposure prevalence of 

population through random selection of non-ill 

controls.
13

  Allows for exposure comparison 

between people who were ill and those who 

were not ill. 

(-) Selection of controls based on factors related to exposure – may 

not represent true exposure prevalence of larger population.
13

 

(-) Different from general risk factors seen when compared to 

healthy people. Will restrict the range of exposures that can be 

studied but is predictable for a known disease.
20

 

Interpretation 

of Odds Ratios 

(+) Standard measure of association used. (-) Measures of effect should be interpreted cautiously with regard 

to what group is being used as the comparison cases
19

. 

Identification 

of New or 

Unique Risk 

Factors 

(+) Able to determine prevalence of risk factors, 

otherwise cannot adequately determine 

magnitude of direction for the population at 

risk.
13

 

(+) Longer questionnaires used in case-control 

studies may allow for identification of rare risk 

factors. 

(-) Risk factors may be underestimated or not identified because 

present in both groups, but useful to generate hypotheses for other 

studies.
13

 

(+) If analysis is run often, it may detect changes in risk factors not 

otherwise found.
19

 

(-) Questions about rare risk factors may not be on routine 

surveillance form for analyses. 

System 

Requirements 

(+) Can be performed even with inadequate 

surveillance system because all participants will 

be interviewed during study or part of outbreak 

investigation. 

(-) Missing data will restrict analyses.  Method more effective with 

detailed surveillance data.
12
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Recruitment  (-) Difficult to recruit population-based 

controls. 

(+) Cases  and comparison cases already in the routine surveillance 

system 

(+) Can utilize as many comparison cases as needed based on 

study’s power needs 

Cost  (-) $$-$$$  (+) $-$$ 

Timeliness  (-) In outbreak investigations, additional time is 

needed to identify, recruit and interview 

controls interviews leading to an increased time 

until analyses complete. 

 (+) Can be done quickly in an outbreak following case interviews 

utilizing existing comparison case data  

Effort (-) Conducting large studies often require a 

large number of staff hours for interviews, data 

management and analysis. 

(+) Analysis can be done easily  
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Selection Bias:  Selection bias occurs when the manner in which cases and controls are selected 

into a study differs.  Like all diseases reported under a passive surveillance system, a series of 

steps must be taken for the disease to be reported, as was shown in Figure 1.  In a case-control 

study, the assumption is that cases used in the study are representative of all cases (both reported 

and non-reported).  However, for diseases with low efficiency surveillance systems, reported 

cases may not be truly representative of either the population of cases or the population as a 

whole.
20

  Some of the factors that may lead to a case being reported are severity of the disease, 

age, socioeconomic status, chronic health conditions, medications, ethnicity and access to care.
19

  

It is unknown, but certainly probable, that the process of being reported as a case differentially 

affects the exposure history of reported verses non-reported cases.  By using only reported cases, 

it reduces any selection bias because all cases and comparison cases have been selected in the 

same manner, through the same system.     

Recall Bias: One of the classic biases of concern in a case-control study is recall bias.  Recall 

bias occurs when cases recall their exposures differently than controls due to their illness 

history.
99

  By using a case-case design, the recall bias between cases and non-ill controls is 

reduced.  All of the cases in the study will have been interviewed following an illness with 

similar symptoms and having completed the reporting process.  However, there may be some 

recall bias if cases of different diseases are used if there is any variation in incubation periods or 

investigation methods.   

Misclassification Bias: Another possible bias within a case-control study of moderate to mild 

enteric diseases is misclassification bias.  Due to the large percentage of unreported cases, it is 

unknown if the controls are or were truly disease free (without the use of serologic data).  By 
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using only reported cases, the classification of a comparison case versus a case is based on other 

information such as serotype or date of onset, both of which can be easily confirmed. 

Aberration Detection:  One of the public health issues with enteric diseases is that while there are 

systems in place to identify aberrations in the case numbers,
100

 there are few avenues a health 

department can pursue to determine why the case reports may be elevated in the absence of a 

clear point-source outbreak.  Case-control studies are far too expensive and time consuming to 

conduct every time an elevated number of cases is observed, especially for smaller state and 

county health departments.  For cases that have risk factor data collected as part of the routine 

surveillance interviews, a case-case analysis can be more easily performed by department staff to 

determine what may be responsible for the increase in cases.  This is one of the most important 

strengths of a case-case study for enteric diseases.  This analysis can be done using either (a) 

historical cases of the same disease, or (b) cases of a similar disease caused by a different 

microorganism, or (c) cases of the same disease but a different subtype, if subtype information is 

available (described in greater detail in Manuscript II).  For risk factors that are different in 

frequency between the cases of interest and the comparison case, an elevated odds ratio may be 

indicative of the source of infection among these current cases.  However, if a single source is 

not responsible for the increase in frequency of cases, this ability to detect a difference will be 

diminished.  

One limitation of case-case studies is representativeness.  As noted above, for certain low 

reported diseases, the cases that are reported may be different from the cases that are not reported 

in exposure to some notable risk factors, and results of a case-case study may not identify or 

attribute correctly the impact of certain risk factors to all non-reported cases.  Another notable 

limitation to the case-case study is the interpretation of the resulting odds ratio.  Because the 
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comparison group was also ill, the resulting odds ratio cannot be used to determine a measure of 

risk.
14

  The resulting odds ratio can only be viewed as an indicator of the magnitude of 

association that describes the direction of the relationship between the risk factor and the cases of 

interest in relation to the comparison cases.   

B.  Potential Use with Enteric Diseases:  While a variety of case-case studies have been 

conducted with enteric infections, there are not enough studies to definitively determine when it 

is most appropriate to do so.  Table 3 outlines all of the reported case-case studies of enteric 

diseases published to date.  Manuscript II describes in detail the different comparison cases that 

have been used.     
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Table 3. Case-Case Studies of Enteric Diseases 

Author & 

Study 

Year 

Cases of 

Interest 

Comparison 

Cases 

Study Question Study 

Goal 

Type of 

Comparison 

Case 

Results 

Krumkamp
21

 

2003 

C-C 

outbreak 

strain of 

Salmonella 

all other reported 

Salmonella spp. 

in same time & 

space 

Can surveillance data be used to 

help solve an outbreak of 

Salmonella? 

solve 

outbreak 

same disease, 

different subtype 

Case-case: high ORs 

for beef & pork ; Case-

control: links to 

specific butcher shop 

Gobin
15

  

2010 

C-C (-) 

Non-travel 

S. enterica 

java  

non-travel related 

S. enteritidis 

Is dining out a risk factor?  What 

restaurant foods are highest risk 

factors? 

solve 

outbreak 

same disease, 

different subtype 

Salad vegetables 

implicated but no 

confirmation 

Gaulin
101

 

2009 

PFGE 

matched 

O157H7 

O157:H7 w/ diff 

PFGE - same 

time period 

Can case-case be used to solve 

outbreak & match exact 

probability results? 

solve 

outbreak 

same disease, 

different PFGE 

Raw cheese 

Aiken 

2004-2007 

non-

Enteritidis 

Salmonella 

Campylobacter What is the risk of Salmonella due 

to reptiles? 

describe 

risk factor 

similar disease, 

different 

organism 

Much higher risk seen 

for Salmonella 

compared to 

Campylobacter 

especially for younger 

ages 

Gillespie 

2001 

C. coli C. jejuni Can case-case be used to generate 

hypotheses of risk factors? 

describe 

risk factor 

same disease, 

different subtype 

Different risk factors by 

subtype 

Sopwith 

2003-2006 

C. coli C. jejuni What are the risk factors for C. 

coli? 

describe 

risk factor 

same disease, 

different subtype 

Some different risk 

factors by subtype 

Wilson 

2006 

All major 

enterics 

All 

Campylobacter 

cases 

National level data - can case-case 

be used to study trends in enteric 

diseases? 

describe 

risk factor 

similar disease, 

different 

organism 

Differences observed 

that match well known 

risk factors  

Wingstrand 

2000-2001 

C-C 

Campy-

lobacter 

non-

Campylobacter 

GI cases 

Case-case vs. case-controls describe 

risk factor 

similar disease, 

different 

organism 

Same results for most 

with exception of travel 

& raw water 

Gillespie C. jejuni 

cases-

reporting 

others ill 

C. jejuni cases - 

not reporting 

others ill 

Are point souce outbreaks of 

Campylobacter more common 

than thought?  Use reports of 

'others ill' 

describe 

risk factor 

same disease, 

different risk 

factor 

Different risk factors 

for those reporting 

knowing others ill that 

not knowing others ill 
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Giraudon 

2005 

severe 

outbreak 

cases 

non-severe 

outbreak cases 

Is there a difference in risk factors 

by severity of disease? 

solve 

outbreak 

same disease, 

different clinical 

symptoms 

Certain foods 

associated with more 

severe illness 

deValk**  

1999-2000 

2 outbreak 

strains of 

Listeria 

sporadic cases of 

Listeria dx 

during same time 

What is causing the outbreak? solve 

outbreak 

same disease, 

different PFGE 

Jellied pork tongue  

CDC-

MMWR** 

1998 

Outbreak 

strain of 

Listeria 

sporadic cases of 

Listeria dx 

during same time 

What is causing the outbreak? solve 

outbreak 

same disease, 

different PFGE 

Hotdogs 

Harker 

2008 

C-C (-) 

S.typi - 

specific 

phage 

S. enteritidis What is causing the outbreak? solve 

outbreak 

same disease, 

different subtype 

Reptile feeder mice 

Bellido-

Blasco 

2009 

Rotovirus 

cases 

Cases of similar 

disease, not 

rotovirus 

What is the rotovirus vaccination 

effectiveness? 

describe 

risk factor/ 

vaccine 

effective-

ness 

similar disease, 

different 

organism 

Rotovirus vaccine 

effective 

Kist 

1988-1992 

C-C 

S. 

Enteritidis 

other Salmonella 

serovars 

What are the risk factors for S. 

Enteritidis & cause of increase? 

describe 

risk factor 

same disease, 

different subtype 

Raw eggs likely source 

of infection 

CSSSC* 

2000-2001 

 

Cipro 

resisitant 

C. jejuni 

Cipro susceptible 

C. jejuni 

What risk factors are associated 

with resistance to Ciprofloxicin in 

Campylobacter jejuni? 

describe 

risk factor 

same disease, 

differnet anti-

microbial 

property 

Foreign travel 

associated with 

increased risk of Cipro 

resistance 

Kassenborg 

1998-1999 

C-C 

Fluoroquin

olone-

resistant 

Campy 

Fluoroquinolone-

susceptible 

Campy 

what risk factors are associated 

with resistance to Fluroquinol in 

Campylobacter jejuni? 

describe 

risk factor 

same disease, 

differnet anti-

microbial 

property 

Foreign travel 

associated with 

increased risk of Fluro 

resistance 

*Campylobacter Sentinel Surveillance Scheme Collaborators 

** Referred to as case-control study but all controls were other cases. 

C-C:  Concurrent case control conducted; C-C (-): Concurrent case control study attempted but unable to recruit enough controls 
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Figure 4 summarizes how different categories of comparison cases have been used in reported 

studies.  While a variety of case-case studies have been cited above and shown in Table 3, there 

are still relatively few of these studies conducted with FBDs and only a handful that compare the 

results between a simultaneous case-case and case-control study.  There are no papers in the 

literature that describe the situations when a case-case study would be most appropriate and the 

best comparison cases to use.   

 

 

 

 

Figure 4.  Selection of Comparison Cases based on Study Aims of Reported Studies 
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PRESENT STUDY 

 

For the format of this dissertation, the main methods, results and conclusions for each specific 

aim are presented in three papers contained in appendices.  This chapter summarizes the study 

designs and highlights the important and relevant results related to each aim and the dissertation 

as a whole.  The present study format is shown in Figure 5. 

 

I.  Study Design and Surveillance Data Overview 

The ultimate goal of these studies was to determine the potential use of a case-case methodology 

in the study of foodborne enteric diseases as compared to the traditional case-control approach.  

The selection of Campylobacter as the organism of interest was based on public health 

significance, availability of case report data, concurrent studies with partnering agencies and the 

Specific Aim I - Conduct case-
control study of laboratory 

confirmed Campylobacter cases 
throughout the state of Arizona 

to describe and assess risk 
factors for infection  

Study 1 - Study of Routine 
Risk Factors Associated 

with Campylobacter 
Disease in Arizona 

Manuscript 1 

Specific Aim II - Analyze  current 
case-case studies used for the study 
of enteric pathogens and determine 
best use of comparison cases based 

on study aims and goals   

Literature Review & 
Method Analysis  

Specific Aim III - Conduct simultaneous case-
control and case-case studies and analyses 
associated with a cluster of Campylobacter 
cases that occurred in Pima County, AZ to 
contrast identification of risk factors and 

the utility of different study designs   

Study 2 - Outbreak of 
Campylobacter in 
Pima County, AZ:  

Case-Control Study 

Study 3 - Outbreak of 
Campylobacter in 
Pima County, AZ:  
Case-Case Study 

Figure 5. Relationship of Research Studies to Specific Aims 
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occurrence of a rare Campylobacter community outbreak.  To make these comparisons, a large 

statewide, case-control study was conducted as the ‘gold standard’.  The use of case-case 

methods was then analyzed based on other studies and known methodology.  Finally, the 

comparison between a case-case and case-control study was made by conducting both methods 

and contrasting results.  

Enteric Disease Surveillance Systems 

Cases of many enteric infections, including Campylobacter, are required to be reported to state 

and county health departments.  These reports can come from a variety of places but are legally 

mandated from laboratories and clinicians.  For sporadic cases, all reports come from 

laboratories to the county health department, where the case resides following a confirmatory 

test.  In an outbreak, for a case to meet the ‘confirmed’ case definition, it must also be confirmed 

through laboratory diagnostics.  All cases in the following studies have been confirmed through 

laboratory tests, most through culture confirmation.  

Odds Ratios and Logistic Regression 

Due to the nature of the data (binary outcome of disease or no disease or case or comparison 

case) an odds ratio (OR) was the measure of effect used to show the relationship between odds of 

disease and exposure to a particular risk factor.  Within these studies all ORs were calculated 

using logistic regression.  This method can be conducted as a univariate model where a single 

dependent variable, such as being a case of Campylobacter is associated with to a single 

independent variable that is the risk factor of interest – this is referred to as a crude OR.  The 

method can also be conducted by looking at the relationship between the dependent variable with 

multiple independent variables at the same time.  These models show the effect of the multiple 
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risk factors on the outcome at once and are reported as adjusted odds ratios.  In addition to 

standard logistic regression, these studies also used a variation of this method known as random 

effects logistic regression.  This method was selected over a conditional logistic regression, as is 

used in typical matched studies, due to poor matching of cases and controls.  With conditional 

logistic regression, only cases that have at least one matched control are kept in the analyses.  

Using this method would have resulted in the loss of over half the case data.  Random effects 

logistic regression allowed all case and control data to be used while adjusting for the correlation 

created among cases with controls compared to cases without controls.
102

  

 

II.  Overviews and Methods of Studies 

A.  Study #1: Study of Routine Risk Factors Associated with Campylobacter Disease in Arizona 

For the statewide case-control study, the goal was to determine what risk factors play a role in 

the elevated rate of Campylobacter in Arizona compared to the average U.S. rate.  At the time of 

the study’s design, Arizona historically had a higher incidence rate compared to the U.S. for 

almost a decade and because it was not part of the Centers for Disease Control and Prevention’s 

(CDC) enhanced surveillance system, it was unknown what factors may be contributing to these 

higher rates.  Due to the ongoing partnership between the University of Arizona’s (U of A) 

Student Aid for Field Epidemiology Response (SAFER)  team and both the Maricopa County 

Department of Public Health (MCDPH) and the Arizona State Health Department (ADHS), a 

collaboration was formed to design and implement a case-control study state-wide.  Investigators 

from SAFER were involved in design of the survey, recruitment strategies and database during 

the development of the study, and the interviews, data collection, and data analyses once the 
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study began.  Only sporadic (non-outbreak) cases of disease were included in the study and their 

non-ill matched controls. The state health department and all 15 county health departments in 

Arizona participated along with researchers from the College of Public Health at The University 

of Arizona.   

Methods 

All cases were reported to the county health departments through preexisting surveillance 

systems for enteric infections.  Through this system, when a laboratory confirmed the diagnosis 

of Campylobacter through bacterial culture, they informed the health department in the county 

the case resided in of the person’s laboratory test result, name, contact information and basic 

demographics.  For routine investigations, a case would be contacted by telephone by the local 

health department and a standard questionnaire would be conducted for the pathogen of interest.  

For this study of Campylobacter cases reported between April –December 2010, cases were 

contacted following usual procedures, but with a new and more extensive questionnaire.  The 

case questionnaire was modeled after the World Health Organization’s Campylobacter interview 

form
103

 and asked about symptoms, environmental exposures, travel history, food consumption 

and food preparation (Appendix E).   

 

Once cases were interviewed, the goal was to interview two controls matched to the case on age 

group, gender and location of residence.  Controls were selected from household listings made 

available through the white pages online (www.whitepages.com) using a reverse look-up 

function.  All attempts to interview a control were conducted within 2 weeks of the case 

interview.  Extensive details on matching protocols can be found in the Methods section of 
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Appendix A.  All controls completed the same questionnaire as cases with the exception of 

questions related to symptomology and disease onset.  

Inclusion/Exclusion Criteria 

Cases:  Cases were included in the study if they were (a) not part of a recognized outbreak, (b) 

reported to the health department as a laboratory confirmed case from April 1, 2010 to December 

31, 2010, and (c) able to be interviewed over the telephone within three weeks of the report date.  

Five attempts on various days and times were made for each case before being counted as lost to 

follow-up.  A representative sample of 20% of cases from Maricopa County was randomly 

selected for inclusion due to the county’s large population size and number of cases. In all other 

counties recruitment was attempted for all reported cases.
46,104

    

Controls:  The goal was to match cases to controls (1:2) on age group (0-11 months, 1-9 years, 

10-19, 20-29, 30-59, and ≥ 60), gender and residence location.  Controls were identified based on 

the address of the case using reverse lookup for households closest to the case home.  

Households with home phone numbers on the same street within 2 blocks either direction were 

first called and, if no one was available, the households on neighboring streets of the case street 

were then called.  Controls were excluded if they (a) had a Campylobacter infection in the last 30 

days, (b) experienced diarrhea or abdominal pain with a fever in the past 30 days, (c) did not 

have a telephone associated with their residence, or (d) were not able to be interviewed within 2 

weeks of the case interview.  Students at the University of Arizona who are part of the SAFER 

team conducted interviews with those cases identified from Maricopa County and their 

associated controls.  All other interviews were conducted by county and state health department 
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epidemiologists.  Both cases and controls were excluded if they did not speak either English or 

Spanish. 

 

The study was conducted from April 1, 2010 to December 31, 2010.  The original study design 

was for the interviews to be conducted over a full year, but due to limited resources the study 

included only 9 months of data collection.  However, the months of January-March historically 

account for the lowest number of reported cases, such that the majority of cases should have 

occurred during the data collection months.  

 

The study was reviewed by the internal review board (IRB) at the Arizona Department of Health 

Services and deemed to be enhanced public health.  It was also reviewed by the University of 

Arizona’s IRB.  They concurred with the decision made at ADHS and deferred to their IRB.  

However, standard consent language was read to all participants or their proxy at the time of 

recruitment (see Appendix E for standard script).  For children under the age of 14, parents were 

interviewed; for cases 14-17 the child was interviewed directly with parental/guardian consent 

surveillance and thus IRB exempt.   

 

Data collection and management 

All cases were interviewed by state or county health department staff with two exceptions.  For 

cases residing in Maricopa County, the interviews were conducted by researchers and students 

from the SAFER team.  The other exception was cases who only spoke Spanish.  Many counties 
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have personnel that can conduct interviews in Spanish, but for those that did not, case 

information was sent to the Arizona Department of Health Services (ADHS) to conduct the 

interview.   

 

Once a case interview was completed, the attempt to recruit and interview a matched control 

began.  A control was considered unattainable for the case if at least 80 phone numbers for each 

house surrounding the case residence were called without a successful interview.  The control 

interview matched the case interview in all ways, with the exception of questions related to 

symptomology which were absent. 

 

A database was developed for the questionnaire and tracking of response rates in Excel.  All 

interviewers, regardless of worksite, were required to enter data from the interviews into the 

database and send it through a secure email network to the state health department where all 

interview data were merged.  Original interview forms were also scanned at each site and 

archived centrally at ADHS.  To conduct a quality control assessment of the data entry process 

and to solve some data merge issues, case and control data were reentered into an online 

database system that was developed using Illume.  This process required that 10% of all 

interviews were reviewed comparing the data entered into the online system and the original 

scanned interview forms to check for any errors in data entry.  There were found to be very few 

aberrations (less than 10) and all were minor.  A de-identified set of data was made available for 

analysis.  All data analyses were conducted for this dissertation at The University of Arizona 

using Stata 11.0 (College Station, TX, USA).   
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Statistical Methods  

Frequencies for all demographics and potential risk factors were calculated along with 

comparisons using either Fisher’s Exact test, chi-squared, or student’s t-tests.  Random effects 

logistic regression was used to determine the odds ratio (OR) and 95% confidence intervals for 

various risk factors.  Univariate random effects regression models were performed for each of 

the 137 separate risk factors and then adjusted for ethnicity (Hispanic or non-Hispanic) and age.  

The crude and adjusted odds ratios and associated 95% confidence intervals for each risk factor 

are reported.    

 

The next analysis step was to construct a full model which would show how various risk factors 

contribute to the odds of disease in relation to one another.  In order to build this full model, 

individual variables with univariate p-values at or below 0.05 were considered for inclusion into 

the model.  A stepwise regression utilizing backwards elimination was conducted with this set of 

12 variables.  This process used the likelihood ratio test after each estimation step to determine 

what variables fit best into the final model. 

 

B.  Study #2: Outbreak of Campylobacter in Pima County, AZ:  Case-Control Study 

For the Pima County case-control study, the goal was to determine the source(s) of an increased 

number of Campylobacter cases reported in the month of August 2011.  This possible outbreak 

was reported to investigators in mid-September 2011.  All controls were interviewed using a 
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reduced version of the questionnaire from the state-wide case-control study described above.  All 

questions asked on the case questionnaire were linked to questions on the control interview form.  

The same age groups, 2:1 ratio of controls to cases, interview methods, and inclusion/exclusion 

criteria were used for these controls as in the state-wide study.     

 

Data collection and management 

All cases were interviewed by county health department epidemiologists using the standard 

Campylobacter questionnaire for routinely reported cases.  Telephone prefixes indicated that all 

cases resided in Tucson, AZ.  The city prefixes were used to generate phone numbers to recruit 

controls.  Frequency matching was used based on the age and gender distribution of the cases 

that had been interviewed at the time.  Controls were selected and interviewed by the lead 

investigator at U of A and the SAFER team (greater detail provided in Manuscript II).  The 

questionnaires were available online through Illume (DatStat, Seattle, WA, USA). 

 

Statistical Methods  

Frequencies for all demographics and risk factors were calculated along with comparisons using 

either Fisher’s Exact test, chi-squared, or student’s t-tests.  Univariate logistic regression models 

were built for all risk factors between cases and controls.  Tests for confounding were conducted 

for age and gender; if adjusted odds ratios were found to be greater than a 10% difference from 

the crude, the adjusted odds ratio was also reported.    
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C.  Study #3: Outbreak of Campylobacter in Pima County, AZ:  Case-Case Study 

Overview 

The goal of the case-case study was to determine if a case-case study analysis would yield the 

same or similar results as would the case-control study.  Data on historical Campylobacter cases 

(2006-2010) in Pima County were provided to investigators by the county health department.  

These cases had been identified and interviewed through the same surveillance system and 

questionnaire as the outbreak cases.  These became the comparison cases to the same outbreak 

cases as described in Study #2.  

 

Data collection and management 

De-identified historical case data were obtained from Pima County Health Department on all 

laboratory confirmed Campylobacter cases from 2006-2010 (n=681).  All case data were 

reviewed for completeness and cases without risk factor data related to food consumption were 

dropped from the analyses (n=576). All variable names and questions matched the outbreak case 

data.  A merged database was created for outbreak data and historical cases from 2007-2010.  

Frequencies and basic tests of comparison (Fisher’s Exact and student’s t-test) were calculated.  

Analyses were conducted for each individual month of interest (July, August and September) and 

for all three months combined.  Final results in the manuscript are for comparisons between the 

outbreak cases and historical cases with an onset date in the months of July-September 2007-

2010 (Appendix C).   
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Statistical Methods  

Frequencies for all demographics and risk factors were calculated along with comparisons using 

either Fisher’s Exact test, chi-squared, or student’s t-tests.  Univariate logistic regression models 

were built for all risk factors between cases and historical cases.  In addition, tests for effect 

modification by travel lead to a stratified analysis based on travel history.  Effect modification is 

generally thought to be present if the difference in the odds ratios (ORs) between the two strata 

vary by more than 10%.  Crude ORs using standard logistic regression models for risk factors of 

disease for travelers verses non-travelers were calculated.  This was confirmed using an 

likelihood ratio test for interaction. 

III.  Executive Summaries of Primary Aims – Overall Results and Conclusions 

 

A.  Specific Aim I.  Conduct case-control study of laboratory confirmed Campylobacter 

cases throughout the state of Arizona to describe and assess risk factors for infection  

Assessing Risk Factors of Sporadic Campylobacter Infection: A Case-Control Study in Arizona  

 (Manuscript I) found in Appendix A for peer review publication. 

Results   

The study resulted in completed interviews for 110 cases and 61 controls.  This resulted in only 

37 matched sets (i.e. a case with either one or two matched controls).  In order to retain sufficient 

sample size and utilize the full dataset, random effects logistic regression was used rather than 

conditional logistic regression.  The random effects logistic regression model allows for all cases 
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to be included into a model, including those without matched controls, and adjusts for the 

variability in correlation introduced if both unmatched and matched pairs are included. 

 

Table 1 (Appendix A) summarizes the demographic characteristics for all cases, matched cases, 

unmatched cases and controls.  This allows for the comparison of both cases to controls and 

cases where matching was successful to cases without a matched control.  There were few 

differences between these two groups with notable exceptions.  Overall, 48% of cases were 

Hispanic, compared to only 15% of controls.  This lead to only 19% of matched cases being of 

Hispanic ethnicity, while 63% of non-matched cases were Hispanic.  The other main difference 

was seen with age.  While the goal was to match on age group, some groups were very difficult 

to recruit.  While 42% of cases were under the age of 20, only 21% of controls were classified as 

youths.  No differences were found related to gender, residence or occupation. 

 

Symptomology was also found to be similar among cases with and without matched controls 

(Table 2, Appendix A).  All cases experienced diarrhea and many reported abdominal pain 

(75%), fever (68%), nausea (55%) and headache (46%).  The average duration of illness was 

13.9 days (mode=7 days), with longer term effects (symptoms lasting more than 2 weeks) 

reported by 40% of cases.  27% of cases reported bloody diarrhea and 35% were hospitalized, 

indicating that these reported cases were more severe than average compared to the national 

estimated rate of hospitalization for Campylobacter of 17%
1
.  The only two conditions that 

differed between matched cases and controls were vomiting (p=.002) and pre-existing chronic 

conditions (p=0.000). 
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 Risk factors related to demographics, environment, behavior and food consumption were all 

analyzed to determine both the crude OR and OR adjusted for age and gender.  The results for 

the 137 separate variables are given in Tables 2 and 3 in Appendix A.  Ultimately, 12 variables 

were found to be strongly associated with the odds of disease (p-value less than 0.05) and are 

shown in Table 4.   The two demographic groups with the highest odds of disease were 

Hispanics (OR=6.0) and people under the age of 20 (OR=2.7).  Identified risk factors related to 

behavior included history of travel (OR=3.9), travel specifically to Mexico (OR=4.2) and history 

of handling raw chicken at home (OR=2.5).  Only two food items were associated with an 

elevated odds of disease, consumption of cantaloupe (OR=2.6) and unpasteurized dairy 

(OR=4.4).  As may be expected, washing a cutting board after raw meat preparation (OR=0.4) 

and consuming pasteurized milk (OR=0.2) were both ‘protective’ against disease.  Other foods 

were also found to be protective, blueberries (OR=0.4), tomatoes (OR=0.3) and roast beef 

(OR=0.2).  Table 4 compares the results from separate analyses: entire data set and the SAFER 

student subset (the cases and controls that were recruited and interviewed at The University of 

Arizona (SAFER). This comparison was made because this study site had the highest success in 

matching cases to controls (23 cases and 23 controls with 14 matched sets).  While the 

confidence intervals were wide due to the smaller sample size, the same trends are seen for this 

subset as the larger dataset.   
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Table 4. Risk Factors Associated with Campylobacter Infection (Crude Model) 

 

 

 

 

Risk Factor AZ Dataset 

Crude OR (95% 

CI)  

SAFER Subset 

Crude OR (95% 

CI) 

Hispanic 6.0 (2.7-13.5) 4.5 (.77-26.1) 

Youth (under 20) 2.7 (1.3-5.5) 7.8 (.85-70.8) 

Any Travel  3.9 (1.3-11.8) Undefined 

Travel to Mexico 4.2 (1.2-14.8)  Undefined 

Handle Raw Poultry 2.5 (1.2-5.3) 1.9 (.38-8.8) 

Cantaloupe 2.6 (1.2-5.7) 7.9 (1.5-42.6) 

Unpasteurized Dairy 4.4 (1.4-13.3 1.0 (.06-17.0) 

Wash cutting board w/ 

soap & water 

.4 (.2-.9) .5 (.15-1.6) 

Tomatoes .3 (.1-.7) .6 (.13-2.3) 

Blueberries .4 (.2-.94) .76 (.2-2.9) 

Pasteurized Dairy .2 (.1-.6) .1 (.01-.9) 

Roast Beef .2 (.1-.6) .07 (.008-.6) 
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The final predictive model resulted in 

only six statistically significant risk 

factors (Table 5).  The three factors 

associated with the highest increased 

odds of disease were being Hispanic 

(OR=16.9), consuming cantaloupe 

(OR=10.2) and handling raw poultry 

(OR=4.8).  Three factors remained 

protective; washing a cutting board 

with soap and water following raw 

meat contact (OR=.16), and consuming 

blueberries (OR=.19) and roast beef (OR=.18).   

 

Conclusions 

Overall, the goals of the case-control study were achieved.  Risk factors that have been 

commonly found to be associated with Campylobacter infections in the U.S. were found in this 

Arizona study (consumption of raw dairy or consumption of raw chicken handling and history of 

travel)
12,36,88,94,105

.  Additional risk factors that may be unique to Arizona were also identified 

(increased illness among Hispanic ethnicity individuals and history of consuming cantaloupe).  

The association with Hispanics is particularly important.  The one large case-control study in the 

United States conducted from FoodNet data includes a much less ethnically diverse population 

and only 8%
36

 of the cases were Hispanic compared to 48% in this Arizona study.  The risk 

associated with cantaloupe consumption has not been reported in other studies.  Most studies 

Risk Factor Odds 

Ratio 

95% CI p-values 

Hispanic 16.9 2.4-117 0.004 

Cantaloupe 10.2 2.4-51 0.005 

Handle raw 

poultry 

4.8 1.1-20.3 0.03 

Wash cutting 

board with soap & 

water 

.16 .02-.85 0.03 

Blueberries .19 .05-.81 .025 

Roast Beef .18 .04-.81 .018 

Table 5. Risk Factors Associated with Campylobacter 

Infection (Final Adjusted Model) 
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have found consumption of fresh fruits and vegetables to be protective
105

, but it is unclear if any 

of these studies asked about cantaloupe specifically or if this association may be due to the 

source of cantaloupes being consumed in Arizona.  This result may add to the growing concern 

related to cantaloupe consumption following the recent nationwide outbreaks of Listeria
106

 and 

Salmonella,
107

 both linked to the fruit.    

 

This study was one of very few state-wide population-based case-control studies of enteric 

disease in the United States.  All steps in the process, from design to implementation to analyses 

and interpretation, were the work of a wide array of public health professionals and numerous 

departments and jurisdictions.  Arizona represented a unique and highly diverse population and it 

was important to determine what was contributing to the observed higher rates of infection.   

 

The limitations of this study are largely due to logistics and highlight the main problems of many 

case-control studies; the recruitment of well-matched controls is extremely difficult and the 

biases that can result when adequate controls cannot be interviewed.  Matching by specific 

geographic area, in addition to the other criteria standard in many case-control studies of 

Campylobacter (age, gender), was particularly difficult.  An additional problem was the lack of 

dedicated resources at several interview sites which led to lower matching success at some sites, 

further highlighting the issue of case-control studies requiring resources beyond the abilities of 

smaller health departments.  The lack of sufficient matched controls may have resulted in 

findings that were not as representative of the whole state, if there were geographic differences in 

risk factors.  However, as shown in Table 4, the sub-analysis of the SAFER cases and controls, 
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which had higher success rate of recruiting matched controls, resulted in similar odds ratios as 

for the entire state indicating that this bias was minimal.  Additionally, we had difficulties 

identifying Hispanic controls, due to a recruitment decision.  For cases that only spoke Spanish, a 

bilingual interviewer from the state or county health departments was available to conduct the 

interview.  Recruitment of Hispanic controls could have been improved by using only bilingual 

interviewers for recruitment in both languages, but that was not possible given the size of the 

study.  While the differences between Hispanic cases (48%) and controls (15%) may appear 

striking at first, by matching on the other three variables, the controls that were interviewed still 

matched well to cases.   

 

The next two limitations are related to age.  The average age of cases was 32.2 years compared 

to controls with an average of 44.2 years (p=.003).  While the controls were older overall, greater 

differences were seen by age group.  Ages 10-19 and 20-29 presented the most recruitment 

challenges for a number of reasons.  For children in school it was not as likely that parents were 

home during the day, and for older children (over 14) it was difficult to convince both the child 

and the parent to answer the 30 minute questionnaire.  For those 20-29 years old, the greatest 

obstacle was the restriction for use of only landlines.  National estimates during this time period 

showed that 23% of adults did not have a landline and these percentages were much higher 

among younger adults.
108

  Future studies will have to weigh the benefits of matching by 

neighborhood to the limitations of using only listed landlines.   
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Despite challenges with matching, these results suggest that there are some unique risk factors in 

Arizona that may be contributing to the higher rates of Campylobacter than are seen nationally.  

It is clear that the high rate among Hispanics should be investigated further.  Future studies 

should work to increase the number of Hispanic controls recruited, to determine what risk factors 

may lead to an increased association with disease and if they differ from those of non-Hispanics.   

 

This study was one of the first multi-county studies initiated by state and county health 

departments.  It is now evident that while the intent and design were in place, greater resources 

needed to be allocated to health departments for these ancillary studies to be conducted 

successfully. 

 

B.  Specific Aim II.  Analyze current case-case studies used for the study of enteric 

pathogens and determine best use of comparison cases based on study aims and goals  

Utilization of Case-Case Methods for the Study of Enteric Diseases (Manuscript 2) found in 

Appendix B for peer review publication. 

The goal of this specific aim was to review the literature related to case-case studies of enteric 

diseases.  The goals were to:  (1) summarize the strengths and limitations of both the case-case 

and case-control methods for these diseases, (2) discuss the appropriate interpretation of the 

measure of association, (3) review the studies that have been published and the various 

comparison cases that have been utilized, (4) assess the more common comparison cases and (5) 

suggest the best uses for this methodology in future studies and approaches for standardization.  
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This last point, of systematically determining the most appropriate comparison-case based on the 

goals and aims of the study, will help to standardize the use of these methods in the future and 

allow for better comparisons of results.   

 

Methods   

The first step was to review the current literature on the use of case-case study designs for the 

study of enteric diseases.  The method was first theorized in 1999 by McCarthy and Giesecke
20

 

and has been cited in almost all subsequent published studies.  One of the challenges with 

finding all published studies was the various uses of terminology.  For studies that utilize the 

term ‘case-case’, the terminology for comparison cases differ.  Some studies refer to their design 

as a case-control study, but the ‘controls’ were other cases.  However, the literature review was 

repeated multiple times over a two year time frame and references from each paper were 

reviewed to determine if any other additional studies were available.  Table 3 lists all studies and 

the corresponding findings.   

 

All these papers fell into one of two categories: either the investigation of an outbreak or the 

study of routine risk factors.  A further systematic review found that all comparison cases fell 

into one of six categories: (1) same organism, different PFGE pattern, (2) same organism, 

different subtype(s), (3) same organism, different antimicrobial properties, (4) same disease, 

different clinical symptoms, (5) same disease, different risk factor or (6) similar disease, different 

organism.  The most commonly used comparison case were cases caused by the same organism 

but a different subtype, for example Campylobacter jejuni compared to Campylobacter coli.  
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These categories were then used to create two decision trees to determine the best selection of 

comparison cases based on the study aims and goals.  Once the case-case studies were compiled, 

the strengths and limitations of this study design were compared to more traditional case-control 

studies.  These comparisons were based on study observations and general knowledge of each 

methodology.   

 

Results   

The main strengths of a case-case compared to a case-control study are the elimination or 

reduction of both selection and recall bias and the reduced cost in both time to results and staff 

resources.  However, the main limitations of a case-case design are that the prevalence of 

exposure observed in ‘controls’ will not be representative of the population as a whole, and due 

to the fact that there are no comparisons to non-ill people, the odds ratio must be interpreted 

cautiously.  Appendix B Table 1 details these comparisons.     

 

The assessment of comparison cases found that there were advantages and disadvantages for 

each (Appendix B, Table 2).  The selection of which comparison cases to use is based on a 

number of factors including the primary aim of the study (to describe risk factors or to 

investigate an outbreak), the primary goal of the study and the availability of cases.  For 

example, if a study is being conducted to determine the risk factors for a newly identified 

subtype of a disease, the best comparison cases would be cases of the same disease of a different 

subtype.  If however, the goal is to determine the general risk factors of a particular organism, 

the best selection of comparison cases would be cases of a similar disease (similar symptoms, 
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incubation periods and reporting processes) due to a different organism.  The two decision trees 

based on primary aim are detailed in Figures 2 and 3 in Appendix B.  

 

Conclusions 

Various uses and terminology of comparison cases revealed that a systematic review of the use 

of case-case studies for the investigation of enteric diseases was needed and has never been 

published.  This paper further explores the strengths and limitations of these studies and the 

inherent issues with conducting case-control studies for these diseases.  The creation of the 

decision trees based on case type and study goal will help to provide consistency for additional 

studies and clarify the comparisons that are being made, ultimately helping to advance the use of 

this methodology.   

 

In addition to reviewing what has been done, the paper also outlines future directions and 

challenges to increase the validity of the findings using this method.  The first concerns the use 

of surveillance data.  The strength of using these data is that it is already being routinely 

collected and is easily accessible by health departments.  However, as in any other study, the 

results of the analyses are only as good as the quality of the data.  If health departments wish to 

use this method as a way to assist in outbreak investigations or study routine risk factors in their 

community, they must ensure that cases are being interviewed in a timely manner and data are 

being entered in such a way to make them easily analyzed (for example, using binomial data for 

specific risk factors rather than text entries which require data cleaning before they can be 

analyzed).  Standardizing questionnaires is also an important recommendation to ensure that 
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cases can be compared to each other with minimal biases introduced.  Finally, this methodology 

may be useful in other research questions such as why certain enteric diseases are seasonal and 

what, if any, role can a case-case study play in risk assessment studies, particularly related to 

dose-response.    

 

Ultimately, the conclusions of this review were that case-case studies may not replace case-

control studies for all research questions related to enteric diseases, but due to issues such as 

differential reporting and difficulty recruiting non-ill controls, this methodology is a useful and 

valid supplement to the research methodology.  One way to further validate the findings of a 

case-case study are to compare results to a simultaneous case-control study.  This has been done 

only five times in the literature.
15,21,93,109,110

  

 

C.  Specific Aim III.  Conduct simultaneous case-control and case-case studies of a cluster 

of Campylobacter cases in Pima County, AZ to assess risk factors and the utility of different 

study designs  

Determining Risk Factors of a Non-Point Source Outbreak of Campylobacter Cases Using Case-

Case and Case-Control Studies (Manuscript 3) found in Appendix C for peer review publication.   

Results 

During the month of August 2011, a total of 27 cases of Campylobacter were reported to Pima 

County Health Department.  In order to determine whether this number of cases was technically 

an outbreak, cases were plotted against a 5 year running mean of reported Campylobacter cases 
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in Pima County.  The number of cases during the outbreak (N=27) was more than 2 standard 

deviations above the historical mean during the same time period (N=15) (Figure 1, Appendix 

C).  This approach is the standard method to identify outbreaks within surveillance data.
111

 

 

Data collection took place for 22 days, beginning on November 2, 2011.  A total of 68 controls 

were recruited and interviewed (response rate of 15% from eligible households) (Figure 6). 

 

 

Figure 6.  Response Rates for Campylobacter Case-Control Study in Pima County 
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Historical cases were also identified from PCHD to serve as the comparison cases (n=186).  

Demographic characteristics of the outbreak cases were compared to both the non-ill controls 

and historical cases (comparison cases).  For comparisons to non-ill controls, differences were 

noted in ethnicity (Hispanic versus non-Hispanic) and location of residence (zip code).  The only 

statistically significant difference between the outbreak cases and historical cases was observed 

for specific zip codes.  The outbreak cases were more likely to be identified from 3 specific zip 

codes than were the historical cases.  This difference by residence was mapped and a higher 

density of cases was observed in three zip codes during the time of the outbreak (Figure 2, 

Appendix C).  However, risk factors were also analyzed by zip code with no differences noted.  

Symptoms were compared between outbreak and historical cases.  While there were a higher 

percentage of cases hospitalized during the outbreak time period (25%) compared to the same 

time period in the previous 4 years (15%), the difference was not statistically significant.   

 

Case-Control Analysis:  Table 3, Appendix C reports the frequency of consumption of various 

food items and various lifestyle behaviors among the outbreak cases and controls.  Cases were 

more likely to report consuming unpasteurized dairy (15% verses 10%), have a travel history 

(29% vs. 10%), particularly outside of the U.S. (25% vs. 10%) than controls.  The statistically 

significant crude risk factors were any travel history in the last 30 days (OR=4.07; 95% CI 1.49-

11.13), travel to Mexico (OR=3.24; 95% CI 1.01-10.43), travel anywhere outside of the U.S., 

including Mexico (OR=3.88; 95% CI 1.33-11.28) and being Hispanic (OR=4.53; 95% CI 1.79-

11.5).  Eating poultry was ‘protective’ but not statistically significant and no distinction was 

made between consumption in the home or away from home in the questionnaire.  Exposure to 

untreated water had no association for all three months combined, but when exposure for 
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controls was limited to only the month of August, the odds ratio increased from 1.01 to 1.87 

although neither was statistically significant.  Fresh eggs could not be analyzed because the 

question was asked differently for the cases and controls. When the models were adjusted for age 

and gender, the odds ratios decreased, travel history in the last 30 days (OR=3.3; 95% CI 1.2-

9.4), travel to Mexico (OR=2.6; 95% CI .8-8.7), and being Hispanic (OR=3.6; 95% CI 1.2-10.5). 

Case-Case Analyses:  Table 3, Appendix C also reports the results for comparisons between the 

outbreak cases and historical cases.  Exposure to untreated water was statistically significant 

OR=3.4 (95% CI 1.3-9.3) indicating that the outbreak cases had an 3.4 higher odds of having 

been exposed to untreated water compared to historical cases.  Consumption of fresh eggs was 

also a significant risk factor that may have contributed to the outbreak, OR=2.5 (95% CI 1.1-

5.4).  The location in which eggs were purchased and consumed was asked but there were no 

differences between the outbreak cases and historical cases (data not shown) and there were 

many missing or unknown responses.  These risk factors were also adjusted for age and gender 

with the odds ratios increasing for both untreated water (OR=4.0; 95% CI 1.4-11.3) and fresh 

eggs (OR=2.8; 95% CI 1.2-6.2).    

 

Given the elevated odds ratio for travel observed in the case-control study, the role of travel 

history was further explored in the case-case study.  Table 6 shows the stratification of cases by 

travel history and their subsequent odds ratios for other risk factors, adjusted for age and gender.  

Exposure to untreated water was large and statistically significant risk factor for travelers 

(OR=21.2, CI 3.6-125) as was consumption of eggs (OR=11.4, CI 2.0-66.2).  For non-travelers, 

these relationships were either not observed or reduced greatly.  However, the stratified results 
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did not differ for all risk factors including poultry consumption and contact with a person with 

diarrhea. 

 

 

Conclusions 

Within the case-control study, very few of the commonly reported risk factors for sporadic 

campylobacterosis were statistically significant.  Chicken, the most common risk factor for 

Campylobacter, was found to have an odds ratio under 1.0; similar results were observed in a 

large case-control study of sporadic Campylobacter cases for chicken consumed in the home, 

while chicken eaten away from the home was found to be a risk factor.
36

  The results in this 

study indicate that more of the cases consumed chicken at home, but location was not asked so 

the real reason remains unknown.  The strongest associations from the case-control study were 

associated with travel history.  Foreign travel has been associated with Campylobacter in a 

number of case-control studies
11,36,86,87

 and, while all foreign travel had a stronger strength of 

association, given the proximity to the U.S. Mexico border, the association particularly with 

Table 6. Case-Case Stratification by Travel History 

 Case-Case 

Travelers 

OR (CI) [p-value] 

Case-Case 

Non-Travelers 

OR (CI) [p-value] 

Exposure to untreated water  14.0 (3.2-61.1) [.000]* Null (0 cases w/ exposure) 

Raw dairy consumption .96 (.23-3.9) [.96] 1.34 (.33-5.5) [.68] 

Eggs 11.2 (2.0-62.8) [.006]** 1.5 (.57-3.9) [.41] 

Runny or raw eggs 2.5 (.2-31) [.48] .74 (.19-2.8) [.66] 

Attend a gathering 2.2 (.63-7.7) [.22] .86 (.26-2.8) [.8] 

Poultry .6 (.13-2.7) [.51] .75 (,26-2.1) [.6] 

Hispanic 4.58 (.5-42.3) [.18] 1.1 (.41-3.0) [.8] 

Contact w/ someone with diarrhea .93 (.39-2.2) [.88] .73 (.25-2.1) [.56] 

Contact with ill animal Null .29 (.03-2.4) [.25] 

Youth 2.33 (.7-7.6) [.16] .72 (.28-1.84) [.49] 

Hospitalized .88 (.09-8.3) [.9] 1.8 (.74-4.6) [.19] 
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Mexico was a finding that has relevance to public health control planning.  Interestingly, when 

this association was adjusted for Hispanic ethnicity, it was clear that being Hispanic was a 

confounder in the relationship between travel history and development of disease, but not an 

effect modifier (ethnicity did not change the measure of association when stratified by travel 

history).    

 

A limitation of the case-control study was in the recruitment of controls.  While the goal of the 

control recruitment was a 2:1 match of controls to cases, this did not occur in all the age groups, 

particularly among young boys (age 1-19).  This group represented 33% of all cases reported 

from outbreak cases but only 13% of the phone controls.  This difference may have led to a 

larger effect size being attributed to youth in the case-control analyses.  A potential limitation 

was the lack of bilingual interviewers available for control interviews.  Ideally, interviewers 

would have been bilingual, however only 17 of the 2,017 control calls required a Spanish 

interviewer.   

 

The results from these studies reinforce the findings that cases of Campylobacter are often due to 

a variety of exposures; however, this analysis indicates that compared to historical cases, these 

outbreak cases are more likely to have exposure to untreated water and fresh eggs.  This suggests 

that above and beyond the elevated risk associated with sporadic cases of Campylobacter; these 

factors were more likely to be found in this particular outbreak and should be investigated as a 

potential source.   
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Unlike the few reported studies where the case-case and case-control studies resulted in similar 

findings,
21,93,109

 the significant risk factors identified in the current situation differed somewhat 

between study designs.  This may have been the result of questionnaire design.  Unfortunately, 

there were only three questions that were asked differently on the control interview from the case 

interview, and two of the three were related to egg consumption and untreated water exposure.  

The case questionnaire asked about unpasteurized eggs while controls were asked if they had 

consumed eggs; the results showed that a much higher percentage of controls reported eating 

eggs than cases.  While this may have in fact been the case, it is possible that the cases were 

confused with the terms ‘unpasteurized eggs’ and did not realize that all eggs in a shell are 

unpasteurized.  For exposure to untreated water, the cases were asked about exposures that took 

place in the 2 weeks prior to their illness.  For all of the cases, this exposure was during the 

summer months.  Since the control interviews did not begin until the beginning of November, the 

decision was made to ask about exposures that occurred during the months July-September, 

instead of October and November when recreational water exposures would be lower than in the 

summer.  This decision resulted in controls reporting for a 12 week period of time, rather than 

the 2 weeks for the cases.  Given the longer exposure period, it was not surprising that the 

proportion of controls that reported a water exposure was higher than that of cases.  However, 

when the case-control analysis was limited to only exposures reported for August, the odds ratio 

for exposure to untreated water increased to 1.87 (95% CI .65-5.4).   

 

In an effort to better understand the possible risk factors associated with the outbreak, we used 

the results of the case-control study that found travel to be a significant risk factor to further 

explore the risk factors in the case-case study.  When the case-case study was stratified by 
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travelers and non-travelers, the results showed that travel history is an effect modifier of the 

relationship between certain risk factors and Campylobacter infection.  Exposure to untreated 

water and fresh egg consumption, in particular, was different between the two groups.   

 

The strong association between travel and Campylobacter in the case-control study was 

consistent with previous studies.
11,36,87,88,109,112

  The lack of an increase in the odds ratio in the 

case-case analyses was not surprising, given rates of travel among cases have been reported to be 

as high as 20%
1
 to 42%.

112
  Surprisingly, given the high odds of travel associated with disease, 

the specific exposures related to travel have not been explored in the literature.  Here, the case-

case study was able to show that among cases, there was an increased risk of exposure to eggs 

and untreated water during the travel.  When this was further explored with the stratification by 

travel history, it was evident that travelers who have these exposures are at higher risk than non-

travelers with these same reported exposures.  The case-case study was able to identify the likely 

exposures that were being overwhelmed by prevalence of travel among the cases in the case-

control study.  This method could be very useful to further explore the true exposure leading to 

disease among travelers. 

 

While results of this particular study are limited due to the size of the outbreak and the slightly 

different data collection methods, risk factors were identified by both studies and provided 

valuable information on risk factors associated with Campylobacter cases reported in Arizona.  

More importantly, the use of these concurrent study methods help identify more relevant 

exposures related to travel that are associated with an increased odds of developing disease, since 
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travel in itself, is not a true pathogen exposure.  These results show that case-case studies can be 

used not only as efficient precursors to a case-control study, but they can provide more detailed 

information about the transmission of disease.  Given the limited resources available in many 

state and local health departments and the logistical challenges with recruiting controls, new and 

innovative comparison study designs should be considered and investigated.   
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STRENGTHS AND LIMITATIONS 

Expanded Knowledge of Campylobacter Risk Factors 

The various studies conducted for this dissertation have added to the knowledge base of 

Campylobacter risk factors.  Previously identified risk factors were found to contribute to the 

disease burden in Arizona, in addition to newly identified foods and populations at elevated risk.  

While there are many case-control studies of Campylobacter published, the majority have been 

conducted in European countries where the incidence rates are highest.  Our studies have not 

only shown what risk factors may be found in the United States, but more specifically, what 

unique risk factors may be contributing to disease in the more ethnically diverse population of 

Arizona.  This information can be used for future interventions and public health messages to 

reduce the numbers of cases and inform investigators as to what risk factors may need further 

examination in an outbreak or lead to increasing incidence of disease.  

Case-Case Studies of Enteric Infections 

This study resulted in the first systematic review of the use of case-case studies for the 

investigation of enteric diseases.  The goals of this review were to standardize the terminology 

and study designs as the method becomes more commonly used.  While about a dozen studies 

using this method have been published, these papers open up future possibilities and show 

additional ways this design may be used.  For example, case-case studies may be particularly 

useful in detecting outbreaks within a larger pool of routine cases as was shown in manuscript 

III.  For pathogens such as Campylobacter that often have different risk factors for outbreak 

verses routine cases, this method may help to identify small, previously unnoticed outbreaks  

without the additional time and money needed to conduct a case-control study. 
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Most importantly, manuscript II can act as a resource for other investigators who wish to use this 

method for their own outbreak investigation or study of routine risk factors.  The limitation of 

creating this review based on the limited studies available is simply that because there are so few 

studies done, many of the conclusions reached and recommendations made are based on a small 

number of studies.  As the method gains acceptance and additional studies are published, the 

guidelines of which comparison cases work best for each study aim and goal may need to be 

adjusted.  Additional advances in the use of technology and recruitment may also affect the 

comparisons made by study design in the future. 

Concurrent Case-Case and Case-Control Studies 

While there are few case-case studies of enterics published, there are even fewer concurrent 

case-case and case-control studies available for review.  Manuscript III will add to the literature 

in this way.  While the results did not yield identical risk factors, an additional way to review the 

cases, namely stratification of a risk factor identified in the case-control to be analyzed in the 

case-case, was novel and yielded interesting and potentially important results.   

Logistics of Case-Control Studies 

Conducting a state-wide study of the risk factors associated with Campylobacter had both 

strengths and limitations.  The strength of this study was that it was the first time a case-control 

study had been conducted with all 15 County health departments along with the Arizona 

Department of Health Services and partners and the University of Arizona.  Given the number of 

sites and interviewers, the project could easily have not met its objectives.  However, overall the 

study protocols were adhered to well and quality control checks of original interview forms 

found thorough questionnaires and attention to detail by all interviewers.  Where the limitations 
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of the study arose were in the recruitment of well-matched controls.  Unfortunately, the study 

was not provided any additional funding or resources for the majority of the time period in which 

it was conducted.  This resulted in differential recruitment of controls by county and poor 

matching overall.   

For the Pima County case-control study, the greatest limitation was the time delay from the onset 

of cases to the interview of controls and the slightly varying questions related to certain risk 

factors.  The difference in the question related to eggs was simply an oversight.  However, for 

the other questions and concerns over the time elapsed, very little could have been done on the 

part of the investigators.  Future studies would be aided by more rapidly identifying the increase 

in cases and thus, the initiation of control interviews.   

Recruitment of Controls 

The various issues of non-ill control recruitment and interviewing further demonstrate the need 

for alternative methodologies, such as case-case studies.  In both the state-wide and Pima County 

case-control studies, the greatest limitation resulted from the poor recruitment of appropriately 

matched controls.  These problems were not unique to these case-control studies and have been 

noted in the literature as an ever increasing barrier to the successful execution of a study of this 

nature.  For both studies, the two demographic variables that proved to be the most difficult to 

account for were ethnicity and age.  The recruitment of Hispanic controls would be more easily 

addressed with the use of bilingual interviewers.  However, unless ethnicity is used as a 

matching variable it is likely this trend will continue.  For the state-wide study, 48% of cases 

were Hispanic while only 30% of the state’s population is Hispanic.  Any future studies of 

Campylobacter may want to focus on Hispanics to determine if risk factors for that group vary 

84



 

from the risk factors observed overall.  It may also be important to focus on issues related to 

immunity and previous exposures.   

The differences in age between cases and controls were due to higher numbers of cases among 

children and the inherent challenges in recruiting this age group.  This was described in detail in 

both the Present Study section and manuscript I.  To address this limitation, the obvious step is 

simply to increase recruitment efforts to increase the chances of reaching parents of children this 

age.  This can range from increasing the number of hours interviewers are calling to find 

controls, to begin recruiting in places where the likelihood of reaching parents is higher, such as 

in schools.  If this is done however, issues of non-random recruitment must be addressed. 

Despite the issues discussed above, overall these studies have resulted in the first ever state-wide 

study of an enteric infection and advances to outbreak investigation methodology through the 

examination of an emerging study design. 
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CONCLUSIONS 

As outlined in this dissertation, there are many strengths of the case-case methodology for the 

study of enteric infections.  In addition to reduced recall and selection bias, the greatest benefit of 

using a case-case methodology is related to resources.  These studies can be conducted with 

existing case data, eliminating the staff time and effort needed to find and interview controls.  

This will add to the options both health departments and researchers have available to investigate 

these diseases.   

Applied Public Health 

As outlined throughout all three manuscripts, case-control studies are wrought with various 

logistical challenges and inherent biases.  While case-control studies can help to determine which 

risk factors are associated with development of disease by comparing cases to non-ill controls, 

they are still costly and time consuming.  For resource-limited health departments, these studies 

are often prohibitive to conduct outside of large, point source outbreaks.  Conducting case-case 

studies can address the issues of selection and recall bias, while offering health departments a 

method that is fast and easily conducted using existing surveillance data.  This ability to 

investigate and respond with reduced resources may offer applied public health a new tool 

allowing for additional cases to be investigated that were not possible under the case-control 

model.  This move towards the utilization of case-case was a recommendation in the Center for 

Foodborne Outbreak Response (CIFOR) guidelines that many health departments are beginning 

to adopt, including in Arizona.  This will increase the understanding of the risk factors unique to 

a particular community, rather than relying only on results from large, often national level data, 
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thereby allowing practitioners to focus their intervention strategies where they will have the 

greatest impact.   

Future Use of the Methodology 

There are many ways case-case studies can be used for future studies.  The most obvious are to 

continue with the currently used techniques in order to further refine the steps used for enteric 

infections.  One example of this is to work with health departments to standardize questionnaires 

with the aim of investigating clusters of illness that have previously been noted, but due to small 

case numbers, largely ignored.  Other examples, as noted in Manuscript II, include uses in risk 

assessment studies and further exploring exposure patterns.   

Summary 

These three manuscripts have demonstrated the various arguments for the use of the case-case 

method.  The limitations described in the state-wide case-control study show clearly how today 

the challenge of recruitment can make large case-control studies of this nature almost impossible 

for health departments to conduct without a significant investment of time and resources, both of 

which are lacking in the climate of staff reductions and limited funds.  The second manuscript 

reviews the studies that have been done using a case-case method, standardizes the approaches 

that can be used and argues for the more frequent use of this method based on reduced bias and 

application to the practice of public health.  Finally, the third manuscript brings these concepts 

together with an almost simultaneous case-control and case-case and shows just one of many 

potential ways this method can be employed and interpreted.       

It is my hope to continue developing this methodology throughout my career and further validate 

these studies.  I believe they will prove to be an efficient and accurate way to approach the 

87



 

problems surrounding food safety.  Further studies are needed to illustrate the situations in which 

they are best used and when other methods would be a more appropriate option.  These 

manuscripts will prove useful for public health practitioners and researchers responsible for 

studying and responding to foodborne disease outbreaks and their changing risk factors.   
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Introduction 

Campylobacteriosis is the leading cause of bacterial gastroenteritis in the developed world.1  In the 

United States (U.S.) it causes an estimated 2 million infections every year, but it is highly underreported 

with only 43,000 cases annually confirmed. 2  This is likely due to the mild clinical symptoms that are 

frequently seen and the sporadic nature of transmission.3 4, 5  Data from FoodNet, CDC’s  enhanced 

surveillance system, estimated the U.S. rate to be 12.63 cases/100,000 people in 2008.6  In Arizona, 

which is not part of FoodNet, rates have historically been higher and in 2008 the reported rate was 15.4 

cases/100,000.7  Ethnic disparities are consistent across the U.S. and Arizona with Hispanics having 

higher rates of disease than non-Hispanic Whites (U.S. 10.73  vs. 8.07; Arizona, 14.3 verses 7.5)6 8  

Younger ages are also at increased risk with children under age 4 having very high rates of disease.9  In 

Arizona, children under 4 experience rates over 2.5 times the overall incidence (39.3 cases/100,000).10   

Identification of risk factors for Campylobacter was largely conducted using case-control studies of 

sporadic Campylobacter cases from many industrialized countries.  The common risk factors identified 

from these studies were foreign travel,4, 5, 11-13 consumption of poultry, both undercooked13, 14 and in 

general, raw dairy,15 BBQ meat,16 contact with puppies5, 17, 18 or animals with diarrhea,17, 19 and contact or 

consumption of untreated water.20  The majority of these studies, however, were conducted in Northern 

European countries and across FoodNet sites which were not representative of the ethnic profile of 

Arizona.  The Arizona Department of Health Services conducted a collaborative state-wide case-control 
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study to determine what common or unique risk factors might be associated with reported 

Campylobacter infections in Arizona and whether the risk factors varied by  ethnicity.    

Methods 

Overview 

The study was designed as a matched case-control study where cases were matched to controls (2:1) on 

age group, gender, and residence location.  All cases were identified from the state’s routine passive 

surveillance system and eligible for inclusion. 

Study population 

Cases:  Cases were included in the study if they were (a) not part of a recognized outbreak, (b) reported 

to the health department as a laboratory confirmed case from April 1, 2010 to December 31, 2010 and 

(c) able to be interviewed over the telephone within three weeks of the report date.  Five attempts on 

various days and times were made for each case before being counted as lost to follow-up.  A 

representative sample of 20% of cases from Maricopa County was randomly selected for inclusion due 

to the county’s large population size and number of cases.  In all other counties, recruitment was 

attempted for all reported cases.7, 21    

Controls:  The goal was to match cases to controls (1:2) on age group (0-11 months, 1-9 years, 10-19, 20-

29, 30-59, and ≥ 60), gender and residence location.  Controls were identified based on the address of 

the case using reverse lookup for households closest to the case home.  Households with home phone 

numbers on the same street within 2 blocks either direction were first called and, if no one was 

available, the households on neighboring streets of the case street were then called.  Controls were 

excluded if they (a) had a Campylobacter infection in the last 30 days, (b) experienced diarrhea or 

abdominal pain with a fever in the past 30 days, (c) did not have a telephone associated with their 

residence or (d) were not able to be interviewed within 2 weeks of the case interview.  Students at the 

University of Arizona who are part of the SAFER (Student Aid for Field Epidemiology Response) team 

conducted interviews with those cases identified from Maricopa County and their associated controls.  

All other interviews were conducted by county and state health department epidemiologists.  Both 

cases and controls were excluded if they did not speak either English or Spanish. 

 

Questionnaire Design 

Laboratory confirmed cases of Campylobacter are reportable to county and state health departments 

under Arizona law within five days of confirmation (A.A.C. R9-6-202).  Cases reported through this 

system are contacted and interviewed by the county health department in which the case resides.  The 

standard questionnaire covers some of the commonly associated risk factors associated with 

Campylobacter infection such as consumption of poultry, unpasteurized dairy, eggs and untreated 

water.  In addition, the questionnaire also includes high risk activities such as contact with an animal 

with diarrhea and travel, and an open-ended 7-day food history.  A more extensive questionnaire was 

designed for this study using a campylobacteriosis questionnaire from the World Health Organization’s 
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“Control and Prevention of Campylobacter Infections”22 as a guide.  The questionnaires collected 

demographic information, two-week travel history, two-week food history asking about specific foods, 

kitchen and food handling practices, as well as animal and water exposure information.  For cases, 

additional information was collected on symptoms and medical care received during the Campylobacter 

infection.   

 

Data Management and Analyses 

A standardized database and data entry protocol were created and disseminated to all participating 

sites conducting interviews.  Data were cleaned and analyzed at The University of Arizona using Stata 

11.0 (Stata Corporation, College Station, TX, USA). 

The demographic distribution of all cases and controls were calculated.  Differences in unmatched and 

matched cases (cases with at least one matched control) were determined using Fisher’s Exact Test or 

student’s t-tests. 

As only 34% of controls and cases were successfully matched, random effects logistic regression 

modeling was used to allow inclusion of unmatched cases.  This method adjusts for the variability in 

correlation introduced if both unmatched and matched pairs are included. 

For all foods and many environmental exposures, the time period participants were asked to recall was 

2 weeks prior to illness onset for cases and the previous 2 weeks from the interview date for controls.  

Participants were asked if they could definitively recall (yes and no responses), were not sure (do not 

remember) or if they frequently ate that item or had a particular exposure but could not say for certain.  

Only ‘yes’ responses were used in the random effects logistic regression models due to less variability in 

the resulting confidence intervals.      

Univariate random effects regression was utilized to estimate magnitude of effect for each risk factor 

and then models were adjusted for ethnicity and age group.  The crude and adjusted odds ratios (OR) 

and associated 95% confidence intervals (95% CI) for each risk factor are reported.  In order to build a 

full model, variables with univariate p-values at or below 0.05 were selected into the model.  A stepwise 

regression utilizing backwards elimination was conducted.  This process used the likelihood ratio test 

after each estimation step to determine what variables best fit into the final model. 

Results 

Demographics and Symptoms 

During the study period, 781 laboratory confirmed cases were reported to the state health 

department.23  424 cases were selected as eligible for the study, and 110 participated in the study (26%).  

Of the non-Maricopa County cases (N=68) 20.4% were interviewed and included in the study.  Of the 

Maricopa County cases, 90 were randomly selected for the study and 42 were interviewed (46.7%).  The 

number of cases and controls by county is shown in Table 1a.    
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Controls were interviewed within 2 weeks of the case interviews.  A total of 61 control interviews were 

completed, resulting in 37 matched sets (a set consists of a case and either one or two matched 

controls).  Demographics for all controls and cases are shown in Table 1.  In addition, demographics are 

provided for matched and unmatched cases; 40% of the cases were male with a mean age of 32.4 years, 

57% of all cases resided in either an urban or suburban area.    

Symptoms for all cases and the matched and unmatched cases are given in Table 2.  All cases 

experienced diarrhea and many reported abdominal pain (75%), fever (68%), nausea (55%) and 

headache (46%).  At least 27% of cases reported bloody diarrhea and 35% were hospitalized, indicating 

that these reported cases were more severe than average compared to the national estimated rate of 

hospitalization for Campylobacter of 17%3.  The average duration of illness was 13.9 days (mode=7 

days), with longer term effects (symptoms lasting more than 2 weeks) reported by 40% of cases.  

Medical risk factors, including chronic conditions and medications taken prior to the illness were also 

asked, with 43% of cases reporting a pre-existing chronic condition.  Only 10% and 13% reported taking 

antibiotics and antacids respectively, both known risk factors for Campylobacter infection.11, 24, 25  The 

only two conditions that differed between matched cases and controls were vomiting (p=.002) and pre-

existing chronic conditions (p=0.000). 

Risk Factors for Campylobacter in Arizona 

Table 3 shows results for various risk factors related to ethnicity and probable environmental and 

behavioral exposures.  Table 4 reports on history of consumption of various specific food items.  All of 

the models utilized the random effects logistic regression to estimate both the crude OR and adjusted 

OR.  These models included all cases and all controls.  The largest OR was for Hispanic ethnicity 

(OR=6.01; 95% CI 2.7-13.5).  The only behavioral risk factor found to be strongly associated with the 

odds of developing disease was travel history in the last two weeks (OR=3.9; 95% CI 1.3-11.8) and more 

specifically, travel to Mexico (OR=4.2; 95% CI 1.2-14.8).  The adjusted OR for travel and travel to Mexico 

were not statistically significant, although this is potentially because these two variables were highly 

correlated (r=.89).  For contact with untreated water, swimming in a river, lake or pond, the OR was 

elevated but not statistically significant.        

Table 3 also shows the relationships between reported kitchen practices and infection.  A history of 

handling raw chicken was associated with infection (OR= 2.5; 95% CI 1.2-5.3).  While a history of washing 

cutting boards (OR=.5 95%; CI .3-1.08) and counter tops with soap and water following raw meat 

preparation (OR=.4; 95% CI .2-.8) were both found to be protective against disease.    

Contact with a puppy (OR=1.4), a farm (OR= 2.3), a petting zoo (OR= 1.4) and animal manure (OR= 1.8) 

were all elevated but not statistically significant.  For all risk factors except contact with animal manure, 

the proportion of unmatched cases reporting the risk factor was higher than the matched cases but was 

only greater than 10% for puppy contact (14% matched cases verses 25% for unmatched cases).   

For restaurant and dining out habits, only eating foods from a street vendor were marginally significant 

(OR=6.7, p=0.07) with only one control reported for this practice.  Consuming food from a coffee house 
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or gas station also had elevated odds ratios but was not statistically significant.  It is unknown, however, 

what food items were consumed at these different locations.  

Table 4 shows results for various specific food items.  During the study time period, the only foods that 

showed an increased odds of association with disease were cantaloupe (OR=2.8, 95% CI 1.2-5.7) and 

queso fresco (OR=4.4, 95% CI 1.4-13.3).  Some foods were also found to be ‘protective’ against the 

disease including deli chicken, roast beef, raw peas, tomatoes, blueberries and pasteurized dairy.  This 

means that the controls reported eating these items much more often than did the cases. 

A global model was constructed that sought to identify the most relevant risk factors across the range of 

potential variables.  This model initially included all statistically significant univariate risk factors (p<0.05) 

and then used a backwards stepwise approach to identify those variables that were independently 

associated with increased risk.  The variables included in the initial model were:  travel, ethnicity, age, 

handling raw poultry, and eating roast beef, tomatoes, cantaloupe, pasteurized milk and unpasteurized 

dairy, blueberries, washing counter or cutting board following raw meat preparation.  Following 

backwards elimination, the final model included:  being Hispanic (OR=16.6, 95% CI 2.4-117), eating 

cantaloupe (OR=10.2, 95% CI 2.4-51), and preparing raw poultry (OR=4.8, 95% CI 1.1-20.3).  Consuming 

blueberries (OR=.19, 95% CI .02-.85) and roast beef (OR=.18, 95% CI .04-.81) as well as reported washing 

the cutting boards with soap and water following raw meat preparation (OR=.16, 95% CI .05-.81) were 

found to be protective (Table 5).   

Discussion 

Overall, the results of this study were similar to previous case-control studies of Campylobacter with two 

notable exceptions.  The role of Hispanic ethnicity has not been examined in other published studies, 

largely due to the populations where the studies were conducted.  Most Campylobacter case-control 

studies have been done in Northern European countries,12, 16, 19  Australia14 and New Zealand5.  The one 

large case-control study in the United States conducted from FoodNet data included a much less 

ethnically diverse part of the country and only 8%4 of the cases in that study were Hispanic compared to 

48% in this Arizona study.  The second result that had not been reported in other studies was the 

increased risk associated with cantaloupe consumption.  Most studies reported consumption of fresh 

fruits and vegetables to be protective,13 although it was not reported if any of these studies asked about 

cantaloupe specifically.  It might be possible that this risk was related to the source of cantaloupes in 

Arizona.  Furthermore, recent outbreaks of Listeria and Salmonella were both linked to the fruit.  Both of 

these risk factors had statistically significant elevated odds ratios in the univariate and multivariate 

models.  Other risk factors not reported elsewhere but of interest include eating foods from concession 

stand, gas station or coffeehouse, consuming ham, and raw or runny eggs. Each of these food items was 

associated with an elevated, but non-statistically significant OR.  

This current study also identified risk factors that were similar to other studies.  These factors included 

youth (under 20 years of age)14, 18, travel history4, 5, 11-13, handling raw poultry5, 26 and consumption of 

queso fresco5, 13, 15, 26, 27 (unpasteurized soft white cheese).  Many other commonly reported risk factors 

had elevated odds ratios in both the crude and adjusted models but, possibly due to low sample size, 
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were not statistically significant.  These included swimming in untreated water13, handling or sampling 

raw meat other than poultry19, 20, 28, contact with a puppy5, 11, 17-19, petting zoo or farm13, purchasing raw 

poultry for the home13, and consuming poultry away from home.4, 13 

 Strengths 

This study was one of very few state-wide population-based case-control studies of enteric disease in 

the U.S.  All steps in the process from design, to implementation and data analysis and interpretation 

were the work of a wide array of public health professionals and numerous departments and 

jurisdictions.  Arizona represents a unique and highly diverse population and it was important to 

determine what was contributing to the observed higher rates of infection.   

The primary strength of this study was the collaboration across multiple jurisdictions of Arizona.  During 

this time period, 110 cases (30% of all eligible cases) were interviewed using a much more extensive 

questionnaire than was normally utilized for Campylobacter.  This enhanced information across all 

counties in the state might help to better characterize risk factors within Arizona. 

Limitations  

Logistical barriers impeded the ability of the various recruitment sites to acquire matches for all cases.  

Lack of dedicated resources at several interview sites led to differential matching success by site.  This 

might have resulted in findings that were not as representative of the whole state if there were 

geographic differences in risk factors that we were unable to identify.  Additionally, there were 

difficulties identifying Hispanic controls, due to a recruitment decision.  For cases that only spoke 

Spanish, a bilingual interviewer from the state or county health departments was available to conduct 

the interview.  Once this interview was complete the same process described above was used to recruit 

controls.  However, because there was no matching on ethnicity or language, if the person met the 

same residence, age and gender as the case they were interviewed (in English or Spanish).  Recruitment 

of Hispanic controls could have been improved by using only bilingual interviewers for recruitment in 

both languages but that was not possible given the size of the study.  While the differences between 

Hispanic cases (48%) and controls (15%) may appear striking at first, by matching on the other three 

variables, the controls were still well matched to cases.   

The next two limitations are related to gender and age.  Cases and controls were matched well on 

gender, however while 40% of those interviewed were male, 52% of reported cases during the study 

period state-wide were male,29 indicating that males may have been less inclined to participate in the 

study than females.  This potentially makes the results less generalizable to the population of cases as a 

whole.  The average age of cases was 32.2 compared to controls with an average of 44.2 years (p=.003).  

While the controls are older overall, there is a substantial difference between cases and controls by age 

group.  For those cases over the age of 30, the matching to controls was almost 1:2, recruitment among 

the younger groups was problematic.  Age groups 10-19 and 20-29 presented the most recruitment 

challenges for a number of reasons.  For younger children, parents were more likely to be home and 

able to answer questions.  For school-age children, it was less likely that the parents were available 

during the day and for older children (over 14) it was difficult to convince both the child and the parent 

to answer the 30 minute questionnaire.  For the control group aged 20-29, the greatest obstacle was the 
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use of only landline numbers.  National survey estimates during this time period reported that 23% of 

adults did not have a landline and these rates were much higher among younger adults. 30  Given that 

low level of landline use, it was not surprising that few controls in the 20-29 age group were recruited.30  

Future studies would need to review the benefits of matching by neighborhood to the limitations of 

using only listed landlines numbers, or determine how to get access to cell phone numbers.   

 

To evaluate the potential effects from the  control matching problems, a subsample of the data 

collected at The University of Arizona was analyzed (23 controls/23 cases, 14 matched, 9 unmatched, all 

cases and controls from Maricopa County).  This subsample represented the ‘best’ matching site in the 

study, meaning a higher percent of controls were recruited to cases.  The same random effects models 

were run on this smaller data set, also adjusting for ethnicity and age and few results were different 

from the full dataset.  The only notable differences were seen in ready-to-eat foods (OR=3.8 for subset 

and OR=.84 with full data) and foods consumed from a gas station (OR=8.5 compared to 2.3) although 

neither were statistically significant.  Interestingly, cantaloupe remained statistically significant and had 

an OR=8.1 compared to OR=3.6.  These findings lend support that the findings of the overall study are 

valid.  In addition, matched and unmatched cases had very few differences in symptomology.  The only 

two statistically significant differences were vomiting and pre-existing chronic conditions.  The age group 

and gender did not differ between cases with or without a chronic condition.  Therefore, it is unlikely 

that differences among the cases had any effect on the ability to recruit a matched control.   

Conclusion  

In this statewide study of Campylobacter, results suggest  there are some unique risk factors that may 

be contributing to the higher rates of Campylobacter in Arizona than are seen nationally.  It is clear that 

the high rate of reported infections among Hispanics should be investigated further.  Future studies 

should focus on understanding the role ethnicity might have on either exposure frequency or symptoms.  

The result from this study will help to inform state and county public health officials of the varying risk 

factors for Campylobacter in Arizona and can be used to modify the routine questionnaires to address 

these risks.  This collaborative study also demonstrated that greater resources are needed  to help 

health departments successfully implement research studies.  
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Table 1a.   Cases and Controls by County  

 

  

     Total          61        110         171 
                                             
      Yuma           3         19          22 
   Yavapai           5          3           8 
Santa Cruz           1          6           7 
     Pinal           4         10          14 
      Pima           3         15          18 
    Mohave           1          2           3 
  Maricopa          30         42          72 
    La Paz           0          1           1 
  Coconino           4          3           7 
   Cochise          10          9          19 
                                             
    county           0          1       Total
                     CASE
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Table 1b.  Demographic Characteristics for Campylobacter Cases and Controls 

 All Controls 
N (%) 

All Cases  
N (%) 

Matched 
Cases* 
N (%) 

Unmatched 
Cases 

p-value** 
 

Total 61 110 37 73  

Male  26 (43) 44 (40) 15 (41) 29 (40) p=0.9 

Female 35 (57) 65 (60) 22 (59) 44 (60)  

Age - mean  
 (range in years) 

44.2  
(.25-80) 

32.4  
(.75-82) 

42.6 
(.72-82) 

27.2  
(.9-81) 

p=0.0028 

Hispanic 9(15) 53 (48) 7 (19) 46 (63) p=0.000 

Non-Hispanic 49(80) 48 (44) 24(65) 24(33) p=0.0014 

Urban  14(23) 32(29) 9(24) 23(32) p=0.38 

Suburban  18(30) 25(23) 13(35) 12(16) p=0.24 

Town  9(15) 31(28) 8(22) 23(32) p=0.27 

Rural/Farm  12(20) 16(15) 6(16) 10(14) p=0.78 

Youth (under 
20) 

13(21) 46(42) 9(24) 37(51) p=.008  

0-11mo 1 (1.6) 2 (1.8) 1 (2.7) 1 (1.4) p=0.63 

1-9 11 (18) 30 (27) 7 (19) 23 (32) p=0.15 

10-19 1 (1.6) 14 (13) 1 (2.7) 13 (18) p= 0.024 

20-29 2 (3.3) 10 (9.1) 1 (2.7) 9 (12) p=0.105 

30-59 27 (44) 32 (29) 18 (49) 14 (19) p= 0.001 

60+ 18 (30) 22 (20) 9 (24) 13 (18) p=0.45 

Food Handler 4(7) 3(3) 1(3) 2(3) p=0.8 

Healthcare 
provider 

2(3) 7(6) 2(5) 5(7) p=0.8 

Daycare 
provider 

2(3) 6(6) 1(3) 5(7) p=0.4 

*Matched cases only included if at least one respective matched control interviewed 

**T-test of difference between matched and unmatched cases 
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Table 2.  Characteristics of Illness among Campylobacter Cases by whether matched to a control or not 

 All Cases  
N (%) 

Matched Cases* 
N (%) 

Unmatched Cases 
N (%) 

Reported Symptoms    

Total 110 37 73 

Diarrhea 110 (100) 36 (97) 73 (100) 

Bloody stools 30 (27) 8 (22) 22 (30) 

Nausea 61 (55) 17 (46) 44 (60) 

Vomiting* 43 (39) 9 (24) 34 (47) 

Fever 75 (68) 26 (70) 49 (67) 

Abdominal Pain 82 (75) 26 (70) 56 (77) 

Chills 15 (14) 6 (16) 10 (14) 

Headache 51 (46) 13 (35) 38 (52) 

Hospitalized 39 (35) 12 (32) 27 (37) 

Duration of illness : mean 
(range) 

13.9 (1-74 days) 14.6 (1-74 days) 13.6 (2-53 days) 

Lost work Days: mean 
(range) 

3.3 (1-16 days) 6 (1-16 days)  2.46 (1-5 days) 

Received dx from Doctor 75 (68) 24 (65) 51 (70) 

Number of Dr. visits: mean  
(range) 

1.57 (1-7 ) 1.44 (1-4) 1.64 (0-7) 

Before Infection    

     Ulcer Medication 3 (2.7) 1 (2.7) 2 (2.7) 

     Antibiotics 11 (10) 4 (11) 7 (10) 

     Antacids 14 (13) 5 (14) 9 (12) 

     Chronic Condition(s)* 52 (43) 26 (70) 26 (36) 

*Statistically different difference between matched and unmatched cases, p<0.05 
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Table 3.  Selected Risk Factors for Campylobacter 

 
 
 
 
Exposure or risk factor 

Controls 
N=61 

 
N (%) 

 

Cases 
N=110 

 
N (%) 

 

Crude* Random 
Effects Logistic 

Regression 
OR (95% CI) 

Adjusted ** 
OR (95% CI) 

Hispanic 9 (15) 53 (48) 6.01* (2.7-13.5) -------------- 

Under 20 years 46 (42) 13 (21) 2.7* (1.3-5.5) -------------- 
Attended a recent gathering 21 (34) 24 (22) 1.1 (.9-1.3) 1.0 (.8-1.3) 
History of Any Travel in last 2 
weeks (includes MX) 

4 (7) 24 (22) 3.9* (1.3-11.8) 1.81 (.45-7.3) 

Recent Travel to Mexico 3 (5) 20 (18) 4.2* (1.2-14.8)  1.52 (.3-8.2) 
Water Contact in last 2 weeks     
Drink Well  Water 11 (18) 9 (8) .4** (.2-1.2) .6 (.2-1.6) 
Recent history of swimming in 
untreated water  
(river, lake or pond) 

1 (2) 9 (8) 3.7 (.4-30.2) 3.1 (.4-27.2) 

Kitchen Practices in last 2 weeks     
Handled raw poultry 11 (18) 39 (35) 2.5* (1.2-5.3) 2.5* (1.04-5.8) 
Handled raw red meat 15 (25) 25 (23) .9 (.43-1.9) .8 (.4-2.0) 
Handled raw meat (other)  2 (3.3) 14 (13) 4.3** (.94-19.6) 3.9** (.8-19.1) 
Handled raw eggs  20 (33) 36 (33) 1.0 (.5-1.9) 1.0 (.5-1.9) 
Nibbled Raw Meat 2 (3.3) 4 (4) 1.2 (.2-6.6) 1.3 (.2-8.8) 
Used cutting board for raw meat 
&/or poultry 

47 (77) 72 (66) .8 (.4-1.8) .5 (.2-1.4) 

   Used Plastic cutting board 31 (47) 44 (40) .7 (.4-1.3) .6 (.3-1.2) 
   Used Wood cutting board 8 (13) 25 (23) 2.1** (.9-5.0) 1.6 (.6-4.4) 
   Used same Board for meat & 
veggies 

24 (39) 47 (43) 1.5 (.75-3.1) 1.3 (.6-3.2) 

Cutting Board 
- not used with other items 
- washed w/ soap 

 
2 (3) 
44 (72) 

 
11 (10) 
59 (54) 

 
3.3 (.7-15.3) 
.4* (.2-.9) 

 
4.3** (.9-21.4) 
.4* (.2-.8) 

Knives 
- not used with other items 
- washed w/ soap 

 
2 (33) 
46 (75) 

 
12 (11) 
70 (64) 

 
3.6** (.8-16.7) 
.6 (.3-1.1) 

 
7.0** (.8-60.1) 
.6 (.3-1.3) 

Counter 
- washed w/ soap 
- wiped w/ water 
 sprayed w/ cleaner 

 
35 (57) 
3 (5) 
14 (23) 

 
45 (41) 
11 (10) 
20 (18) 

 
.5* (.3-.96) 
2.1 (.6-8.0) 
.7 (.3-1.6) 

 
.5** (.3-.1.08) 
1.4 (.3-6.0) 
.7 (.3-1.6) 

Hands 
- washed w/ soap 

 
50 (82) 

 
79 (72) 

 
.6 (.3-1.2) 

 
.5 (.2-1.2) 

History of Animal Contact in last 2 
weeks 

    

Puppy 9 (15) 21 (19) 1.4 (.6-3.2) 1.1 (.4-2.9) 
Any Animal Contact (domestic 
pets, farm or wild animals) 

42 (69) 70 (64) .8 (.4-1.5) .6 (.3-1.3) 

Contact with ill animal 3 (5) 12 (11) 1.0 (.9-1.1) 1.0 (.9-1.2) 
Farm 4 (7) 15 (14) 2.3 (.7-7.4) 2.8 (.8-9.6) 

Zoo 0 5 (5) omitted omitted 
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Petting Zoo 2 (3) 5 (5) 1.4 (.3-7.7) 1.1 (.2-6.7) 
Fair 3 5) 2 (2) .4 (.1-2.3) .2 (.02-1.9) 
Contact w/ manure 5 (8) 15 (14) 1.8 (.6-5.4) 1.9 (.6-6.2) 
History of Eating in Restaurants     
Ate at Sit Down restaurant 35 (57) 54 (49) .7 (.4-1.3) .9 (.4-1.9) 
Fast Food 35 (57) 56 (51) .8 (.4-1.4) .5** (.2-1.1) 
Cafeteria 9 (15) 8 (7) .5 (.2-1.2) .5 (.2-1.6) 
Deli 7 (12) 9 (8) .7 (.2-1.9) .8 (.2-1.5) 
Street Vendor 1 (2) 11 (10 6.7** (.8-52.9)  4.8 (.5-41.6) 
Concession Stand 5 (8) 4 (4) .4 (.1-1.6) .55 (.2-2.3) 
Snack Bar 2 (3) 1 (.9) .3 (.02-3.0) .5 (.04-5.3) 
Gas Station 4 (7) 14 (13) 2.1 (.7-6.6)  2.3 (.7-7.8) 
Ready to Eat foods  from Grocery 
Store 

11 (18) 12 (11) .6 (.2-1.4) .84 (.3-2.2) 

Coffee House 1 (2) 7 (6) 4.1 (.5-34.0) omitted  

*Crude model using Random effects logistic regression  

** Adjusted model used random effects logistic regression including age and ethnicity 0.1> p >.05 
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Table 4 – Food Specific Risk Factors 

 Controls 
 

N (%) 

Cases 
 

N (%) 

Random Effects 
Logistic Regression 

OR (95% CI) 

RELR – adjusted for 
age & ethnicity 

OR (95% CI) 

Total 61 110   
Poultry     
Purchase for Home 50 (82) 88 (80) .9 (.4-2.2) .9 (.3-2.7) 
    Raw & Fresh 20 (33) 45 (41) 1.6 (.8-3.2) 1.6 (.7-3.5) 
    Raw & Frozen 20 (33) 32 (29) .9 (.4-1.7) .9 (.4-2.1) 
    Pre-cooked 27 (44) 44 (40) .9 (.4-1.7) .7 (.3-1.6) 
Poultry (Any) 52 (85) 90 (82) 1.5 (.8-3.0) 1.5 (.5-4.7) 
Poultry Away from Home 52 (85) 94 (86) 1.3 (.7-2.6) 1.8 (.6-5.2) 
Chicken Wings 13 (21) 20 (18) 1.1 (.8-1.3) 1.2 (.8-1.8) 
Chicken Breast 37 (61) 58 (53) 1.4 (.9-2.1) 1.9 (.9-4.0) 
Roasted Chicken 22 (36) 24 (22) 1.02 (.8-1.3) 1.2 (.8-1.8) 
Chicken Stir-Fry 8 (13) 15 (14) 1.4 (.8-2.3) 1.4 (.8-2.6) 
Chicken Nuggets or Strips 8 (13) 23 (21) 1.2 (.9-1.5) 1.1 (.9-1.5) 
Chicken Salad 8 (13) 9 (8) 1.3 (.8-1.9) 1.3 (.8-1.9) 
Grilled Chicken 16 (26) 24 (22) 1.3 (.9-1.8) 1.3 (.9-1.9) 
Deli Chicken 12 (20) 5 (4.5) .2* (.08-.7) 1.2 (.8-1.6) 
Chicken Other 1 (2) 11 (10) 1.18 (.9-1.6) 1.18 (.9-1.5) 
Roasted Turkey 9 (15) 15 (14) 1.3 (.9-1.8) 1.3 (.9-2.1) 
Deli Turkey 15 (25) 23 (21) 1.2 (.9-1.8)  1.3 (.9-1.9)  
Poultry Other 1 (2) 2 (2) 1.7 (.5-5.3) 1.7 (.5-6.3) 
Meat     
Purchase for Home 56 (92) 88 (80) .3** (.1-1.2) .3 (.1-1.3) 
    Raw & Fresh 35 (57) 59 (54) 1.2 (.6-2.5) 1.2 (.5-2.7) 
    Raw & Frozen 14 (23) 30 (27) 1.6 (.7-3.3) 1.2 (.5-2.8) 
    Pre-cooked 22 (41) 39 (36) 1.2 (.6-2.4) .7 (.3-1.6) 
Meat (Any) 56 (92) 99 (90 1.4 (.4-5.5) 1.1 (.3-5.0) 
Ground Beef 44 (72) 71 (65) .7 (.3-1.7) .7 (.3-2.0) 
Roast Beef 18 (30) 10 (9.1) .2* (.1-.6) .2* (.1-.6) 
Steak 32 (53) 44 (40) .6 (.3-1.2) .6 (.3-1.3) 
Beef Jerky 5 (8) 4 (4) .4 (.1-1.7) .4 (.1-1.8) 
Ham 21 (34) 47 (43) 1.5 (.8-3.0) 1.34 (.6-3.0) 
Pork Chops 17 (28) 26 (24) .8 (.4-1.6) .9 (.4-2.2) 
Bacon 28 (46) 43 (39) .8 (.4-1.5) .7 (.3-1.5) 
Ribs 11 (18) 14 (23) .7 (.3-1.6) .7 (.3-2.1) 
Pork Other 7 (12) 7 (12) .5 (.2-1.6) .34 (.1-1.3) 
Sausage 18 (30) 35 (32) 1.1 (.5-2.1) 1.0 (.4-2.2) 
Wild Game 0 4 (4) omitted 3.8 (.4-38.3) 
Meat Other 1 (2) 10 (9.1) 5.9** (.7-47.1) 9.7 (1.1-83.3) 
BBQ  33 (54) 51 (46) .7 (.4-1.4) 1.0 (.5-2.1) 
Dairy, Fruits & Vegetables      
Eggs 49 (80) 89 (81) 1.4 (.8-2.6) 1.4 (.5-3.6) 
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Eggs – raw or runny 7 (11) 19 (17) 1.7 (.6-4.3) 2.1 (.7-6.4) 
Eggs - Purchase for Home 46 (75) 86 (78) 1.0 (.4-2.7) .9 (.3-2.5) 
Any Raw Fruit or Veggies 58 (95) 103 (93) 1.2 (.2-7.3) 1.1 (.2-8.2) 
Lettuce 43 (71) 66 (60) .7 (.3-1.4) 1.2 (.5-2.8) 
Prepackaged Lettuce 26 () 33 (30) .6 (.3-1.2) 1.0 (.4-2.2) 
Spinach 14 (23) 20 18() .8 (.4-1.7) 1.2 (.5-3.0) 
Alfalfa Sprouts 0 5 (5) omitted omitted 
Bean Sprouts 0 4 (4) omitted omitted 
Raw Peas 9 (15) 4 (4) .3* (.07-.8) .4 (.1-1.4) 
Raw Carrots 32 (52) 45 (41) .7 (.4-1.3) .7 (.3-1.5) 
Cilantro 17 (28) 39 (36) 1.5 (.8-3.1) 1.1 (.5-2.5) 
Tomatoes 49 (80) 61 (55) .3* (.1-.7) .3* (.1-.9) 
Raw Mushrooms 12 (20) 19 (17) .9 (.4-2.0) 1.3 (.5-3.4) 
Other Raw Veggies 36 (59) 38 (35) .4* (.2-.7) .5 **(.2-1.1) 
Strawberries 32 (53) 44 (40) .7 (.4-1.4) .7 (.3-1.5) 
Blueberries 20 (33) 18 (16) .4* (.2-.94) .6 (.3-1.5) 
Cantaloupe 11 (18) 36 (33) 2.6* (1.2-5.7) 3.6* (1.4-8.7) 
Other Raw Fruit 47 (77) 65 (59) .4* (.2-.9) .4* (.2-.9) 
Potato Salad 10 (16) 18 (16) 1.0 (.4-2.4) 1.8 (.7-4.8) 
Unpasteurized Dairy 3 (5) 3 (3) .5 (.1-2.8) .4 (.04-3.7) 
Pasteurized Dairy 54 (89) 72 (65) .2* (.1-.6) .2* (.1-.6) 
Milkshake 13 (21) 19 (17) .8 (.4-1.8) .5 (.2-1.3) 
Ice Cream 37 (61) 53 (48) .7 (.4-1.3) .5 (.3-1.2) 
Yogurt 26 (43) 56 (51) 1.5 (.8-2.8) 1.5 (.7-3.0) 
Queso Fresco 4 (7) 25 (23) 4.4* (1.4-13.3) 1.9 (.6-6.7) 
Unpasteurized Juice 3 (4.9 2 (1.8) .3 (.05-2.01) .5 (.1-3.5) 
Salsa 21 (35) 26 (24) .7 (.3-1.3) .5 (.2-1.2) 
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Table 5 – Final Multivariate Model for risk factors associated with Campylobacter infections in Arizona 

Risk Factor Odds Ratio* 95% CI p-values 
Hispanic Ethnicity 16.9 2.4-117 0.004 
History of eating 
Cantaloupe 

10.2 2.4-51 0.005 

History of handling 
raw poultry 

4.8 1.1-20.3 0.03 

History of reporting 
that Wash cutting 
board with soap & 
water 

.16 .02-.85 0.03 

History of eating 
blueberries 

.19 .05-.81 .025 

History of eating 
Roast Beef 

.18 .04-.81 .018 

*Random effects logistic regression of all cases and all controls, backwards stepwise regression 
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Introduction 

Case-control studies are commonly used to identify risk factors of disease.  Compared to cohort 

designs, they are particularly useful in settings with fewer resources, when exposure shortly 

precedes disease, cases are rare and results are needed promptly.  In developed countries, 

reported cases of infectious disease are relatively rare and studies are often conducted as part of 

outbreak investigations making the case-control study design particularly suitable.  Yet there are 

limitations to the case-control study; primarily selection bias, recall bias and the intensive 

resources needed to recruit and interview non-ill controls.    

Case-case studies are a fairly recent alternative design in which comparisons of exposures are 

made between the cases of interest and another case-population.  Case-case methodologies can 

limit selection bias and recall bias and may require fewer resources than traditional case-control 

studies.  The case-case design was first described as a way to analyze case series data, using 

heterogeneous characteristics among the cases to reveal potential risk factors.
1
  In 1999 

McCarthy and Giesecke expanded upon this idea and theorized using case-case comparisons to 

study common infectious diseases.
2
  Since that time, over a dozen case-case studies of foodborne 

pathogens have been published.  Studies that have found comparable results in a simultaneous 

case-case and case-control studies have provided preliminary validation of this method.
3-7

.    

For enteric diseases, comparison cases from a case-case study are more likely to be from the 

same source population as the cases under investigation minimizing selection bias.  Cases of 

disease reported in a routine surveillance system are not a random selection of all cases.  They 

must go through a series of steps (become ill, seek medical care, have a stool specimen taken, 

have the specimen tested appropriately in the lab and finally reported as a case) leading to 

differential reporting due to severity of disease or other characteristics of the case.  As the cases 

and comparison cases have both experienced illness and are interviewed in a similar time period 

after their onset date recall bias is minimized as compared to case-control studies.  It is generally 

agreed that a case-case study will, in many circumstances, eliminate or greatly reduce both 

selection and recall bias compared to a corresponding case-control study
2,6,8,9
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While all case-case studies compare one set of cases (cases of interest) to another set of cases 

(comparison cases), there are differences in the types of comparisons cases chosen, aims of the 

studies, interpretation of results and terminology used.  This paper will (1) summarize the 

strengths and limitations of both the case-case and case-control methods for these diseases, (2) 

discuss the appropriate interpretation of the measure of association, (3) review the studies that 

have been published and the various comparison cases that have been utilized, (4) assess the 

more common comparison cases and (5) suggest the best uses for this methodology in future 

studies and approaches for standardization.  This last point, of systematically determining the 

most appropriate comparison-case based on the goals and aims of the study will help to 

standardize the use of these methods in the future and allow for better comparisons of results. 

Case-Case Study Design 

Overview of Methods 

Case-case study designs, as the name implies, compare one group of cases to another group of 

cases.  The design has commonly been used to compare two forms of the same disease or as 

Rosenbaum states, “two types of cases from different origins”.  This design was initially used to 

determine differences in cancer risk factors by tumor type.
10,11

  It is now being more broadly 

explored for application in different disease systems due to increasing challenges in conducting 

case-control studies. 

Both methods have various strengths (+) and weaknesses (-) as summarized in Table 1.  While 

the case-control study design has been widely used to explore risk factors for sporadic and 

outbreak transmission of enteric diseases, identification and recruitment of non-ill controls from 

the same source population as the cases is time-consuming and challenging
12

 adding days or 

even weeks to the investigation, during which additional people may be exposed and become ill.  

Using existing case data as comparison-cases facilitates timely analyses and is one of the greatest 

advantages of the case-case design.  

Strengths and Limitations of Case-Case Studies Compared to Case-Control Studies 

Selection Bias:  The greatest limitation of case-control methods for studying enteric diseases is 

selection bias which can arise from two separate sources; (1) selection of non-ill controls for the 

comparison group and (2) selection of reported cases into a surveillance system.  The first is a 

common limitation of all case-control studies.  Investigators employing the case-control method 

rely on the willingness of non-ill people contacted at random to answer time consuming 

questionnaires.  Response rates can be very poor; for example, the response rate for the 2006-07 

FoodNet Population Survey, a study of randomly selected non-ill participants, was only 7.25%.
13

  

People with a working phone numbers within the study area, who are available when the 

interviewer calls and are willing to answer the survey questions may not arise from the same 

source population as the cases.  This type of selection bias cannot be easily described or adjusted 

for in analysis.     
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Reported Cases vs. Non-Reported Cases 

The second source of bias is more unique to studies using cases identified from surveillance 

systems.  In a case-control study, the assumption is that recruited cases are representative of all 

cases (both reported and non-reported).  However, for some enteric pathogens such as 

Campylobacter and Salmonella, only about 1 in 30 cases are reported.
14

  For diseases with low 

efficiency surveillance systems, reported cases may not represent either the population of cases 

or the population as a whole.
2
  Differential reporting may occur by disease severity, age, 

socioeconomic status, chronic health conditions, medications, ethnicity and access to care.  It is 

unknown, but certainly probable, that the process of being reported as a case differentially affects 

the exposure history of reported versus non-reported cases.   

Reported Cases vs. Population-based Controls 

One of the arguments for case-case studies is that the inherent differences between reported and 

non-reported cases are suggestive of fundamental differences between reported cases and non-ill 

controls.
2
  For foodborne diseases in general, it is estimated that reported cases only represent 

2.5% or less of the population (people who, if they became ill would complete the process to 

become a reported case)
2
.  This means that 97.5% of the population would not complete the 

process to be reported as a case if they were to become ill with a mild to moderate enteric 

infection.  While it can’t be known with any certainty, it is plausible that the differences that lead 

a case to be reported (SES, access to care, chronic conditions, etc.) will also create a selection 

bias between cases and non-ill controls that may ultimately affect the study results.  For example, 

if a case has a chronic condition that requires them to regularly see their primary care provider, 

they may be more inclined to seek healthcare than a non-ill control who may not have a regular 

doctor or easy access to care.  By using only reported cases, selection bias is reduced because all 

cases and comparison cases have been selected in the same manner, through the same system.     

Recall Bias:  One of the classic biases of concern in a case-control study is recall bias.  Recall 

bias occurs when cases recall their exposures differently than controls due to their illness history.  

By using a case-case design, the recall bias between cases and comparison cases is greatly 

reduced.  Both sets of cases in the study would be interviewed following a reported illness.  The 

limitation present in both studies is that if the case knows the common risk factors of their 

diagnosed disease they may be more likely to recall those exposures.  This is not an issue when 

the same organism is used for both the case and comparison case, but could be an issue when 

comparing a more commonly known disease, such as Salmonella, to a lesser known disease such 

as Listeria. 

Misclassification Bias:  Another possible bias created in a case-control study of moderate to mild 

enteric diseases is misclassification bias.  Due to the large percentage of unreported cases, it is 

unknown if the controls are truly disease free.  By using only reported cases, the differences 
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between comparison cases and cases of interest are based on other information such as serotype 

or date of onset, both of which can be easily confirmed. 

Representativeness:   As noted above, for certain diseases where only a small proportion of cases 

are reported, the cases that are reported may be different from the cases that are not reported in 

some notable risk factors.  Due to this, results of a case-case study may not identify or attribute 

correctly the impact of certain risk factors to all non-reported cases.  However, since it is 

impossible  to know the risk factors associated with non-reported cases, the assumption is made 

that reported cases are representative of non-reported cases with regard to their exposures  These 

estimates of exposure may not be representative of the exposure prevalence seen in the 

population as a whole
15

 and thus, may make the results less generalizable.  

Identification of new or unique factors:   Case-control studies are based on the premise that there 

are inherent differences in exposures between the cases and non-ill controls.  These exposures 

are the risk factors that are associated with an increased odds of disease.  For case-case studies, 

the limitation is that if both the cases of interest and the comparison cases have the same risk 

factors, the result will be a null association or an underestimation of the magnitude of the 

effect.
16

  For outbreak investigations, this is of concern if the source of the outbreak is also a risk 

factor associated with comparison cases (often sporadic cases of the same disease).  This can be 

taken into account by using comparison cases of different serotypes, similar clinical symptoms 

caused by different pathogens or simply applying what is known of the common risk factors to 

the results.  The selection of comparison cases is discussed in greater detail below.      

Resources:   One of the public health issues related to enteric diseases is that while there are 

systems in place to identify aberrations in the case numbers, there are few avenues a health 

department can pursue to determine why the case reports may be elevated in the absence of a 

clear point source outbreak.  Case-control studies are far too expensive and time consuming to 

conduct every time an elevated number of cases are observed, especially for smaller state and 

county health departments.   For cases that have risk factor data collected as part of the routine 

surveillance interviews, a case-case analysis can be easily run against other surveillance data to 

determine what may be responsible for the increase in cases.  This reduction in time, cost and 

effort are, for a public health response, the most important strengths of a case-case study.   

Interpretation of the Resulting Odds Ratio 

The odds ratio must be interpreted carefully from case-case studies as the meaning is different 

from traditional case-control studies. Because the comparison group was also ill, the case-case 

odds ratios cannot be used to determine a true measure of risk.  Instead, they should be 

interpreted as a magnitude of association that describes the direction of the relationship between 

the risk factor and the cases of interest compared to the comparison cases.  There are three 

possible results and each has multiple interpretations. 
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(1) OR>1 for risk factor A:  In a typical case-control study, a significant odds ratio over 1.0 

would result in the conclusion that risk factor A is associated with the disease.  For a case-case 

study, the results can be interpreted in a similar manner with the caveat that the association 

observed is due to comparison cases and not the population as a whole.  For outbreak 

investigations that use the same organism, this result may be even more telling for common risk 

factors because the results would be above the baseline prevalence for all cases.  For example, 

raw dairy consumption is commonly noted to be consumed at higher rates among Campylobacter 

cases compared to non-ill controls,
17-19

  a comparison of Campylobacter cases to each other with 

a resulting OR>1.0 for raw dairy would indicate that the outbreak cases had an even higher rate 

of exposure than the routine cases and hence, any non-ill controls. 

However, depending on the selection of comparison cases and the risk factor in question, there 

may be little difference between the comparison cases and non-ill controls.  For example, while 

raw dairy is a risk factor for many enteric pathogens, it is not a known risk factor for either cases 

of Giardia
20

 or Cryptosporidium,
21,22

 both of which are rarely associated with foodborne 

transmission
23

 and commonly associated with raw water. Therefore, consumption is likely not 

more commonly reported than non-ill controls.  Here, the results of a comparison to a pathogen 

such as Campylobacter could be interpreted more closely to results from a case-control study.   

(2) OR=1 for risk factor B:  A null result in a case-case study indicates that there is no 

heterogeneity between the cases of interest and the comparison cases for risk factor B.  This does 

not mean that risk factor B is not associated with the cases of interest; it only indicates that the 

magnitude of the association is similar for both the cases of interest and the comparison cases.  

These results must be interpreted cautiously utilizing what is known from other studies.  

Continuing the example above, in a comparison between Giardia and Cryptosporidium, 

exposure to untreated water and consumption of raw dairy, both would likely yield null results.  

While raw dairy is not associated with disease, the null result of exposure to untreated water 

would mask the fact that both diseases have the same elevated magnitude of association. Case-

case studies that use case-comparisons from the same organism may be particularly subject to 

null results for factors that are truly associated with the current cases as risk factor profiles will 

be more similar. 

(3) OR <1 for risk factor C:  Unlike a case-control study where an odds ratio under 1.0 would 

indicate that risk factor C was ‘protective’ against disease, in a case-case study the interpretation 

is simply a matter of reference and may not be interpreted as a real reduction in risk.  Continuing 

with the example of Giardia and Campylobacter, if Giardia were the cases of interest, 

consumption of raw dairy would likely result in an OR<1 compared to Campylobacter.  This 

simply indicates that it is either not a risk factor for Giardia or significantly less compared to the 

association with Campylobacter for which it is a known risk factor.     

Various Comparison Cases 

116



 
 

The following section describes different potential comparison cases.  Table 2 compares the 

strengths and limitations of three of these; cases of different subtypes or genetic profiles, 

historical cases of the same disease, or a similar disease caused by a different organism. 

Same Organism, Different Properties:   There are many ways in which an infectious organism 

can be differentiated.  The three ways in which organisms can be categorized for these purposes 

are (1) different subtypes of the same disease (while technically these are different species, they 

are often not differentiated in the reporting), (2) different PFGE patterns of the same subtype and 

(3) different antimicrobial susceptibilities.   

(1) Utilizing different subtypes (including varying serovars and ribotypes) of disease etiologies 

are the most readily available type of comparison cases available as it is routinely performed on 

specimens. Usually laboratories will go so far as to determine the species or serovar of the 

organism (C. jejuni verses C. coli or Salmonella enterica serovar. Enteritidis verses Salmonella 

enterica serovar Typhimurium) but do not have the resources to conduct further typing.  This 

technique has been used both in the study of outbreaks and as a way to further describe risk 

factors of sporadic infections.  The use of cases due to the same organism of a different subtype 

is also a good choice given that the case data would likely be stored in the same surveillance 

system, cases had all been interviewed in the same manner, using the same questionnaire and, as 

mentioned above, any result with an odds ratio over 1.0 would indicated that the subtype of 

interest had a higher prevalence of exposure than the comparison subtypes. For commonly 

reported exposures, the use of this method is conservative and would bias the results towards no 

association. 

(2) Pulse Field Gel Electrophoresis (PFGE) is a powerful tool that links cases to a common 

source.  In the U.S. however, only a few organisms are regularly typed in this way.  As the data 

in national surveillance systems such as the Center for Disease Control and Prevention’s 

PulseNet system grows, cases with unique DNA patterns can be grouped and compared to other 

cases of the same serovar or subtype but differ genetically.  One advantage of this method is that 

because they are all genetically identical, the likelihood the illnesses are due to various exposures 

is low.  Due to this, a relatively few number of cases can be used to link the exposure to the 

cases.  Person-to-person transmission is rare for most enterics with the exception of norovirus 

where 56%-87% of outbreaks are person-to-person and to a much smaller extent Shigella (4-

8%).
24

  Due to this, norovirus would not be an ideal pathogen for this study design.   This method 

has been used to help link the source of outbreaks of E. coli O157:H7
25

 and L. monocytogenes
26

 

and further describe the sources of C. jejuni infections.
27

  

A disadvantage to using PFGE to link cases is that there may be selection bias in how cases are 

recruited (active verse passive) compared to routinely reported cases.  Additional resources are 

also needed for PFGE testing to be done, but presumably, if cases were identified in this manner, 

other cases of the same disease are also routinely tested.  For rare diseases, an additional 
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limitation is the lack of comparison cases to adequately power a study.  In this situation, the best 

choice may be historical cases to increase the number of cases included in the analyses. 

(3) The final way in which cases of the same organism can be grouped for comparison is based 

on anti-microbial properties.  Here, susceptible and resistant organisms can be compared to 

determine what risk factors may be associated with the resistant phenotype.  For studies with this 

aim, a case-case study can identify risk factors associated with the acquisition of a resistant 

organism rather than risk factors for the disease itself, as a case-control study would.  A study of 

fluoroquinolone resistant and susceptible Campylobacter found that foreign travel was associated 

with increased risk of antibiotic resistance.
4
  This method is not feasible for routinely reported 

surveillance data, but may prove useful for research studies of these organisms, especially those 

linked to nosocomial infections where antimicrobial resistance is of great concern.   

Same Disease, Compared by Specific Risk Factor or Symptomology:  As less is known about the 

genetic profile or subtypes of an organism, other heterogeneous characteristics may be used to 

separate cases from comparison cases.  This has been reported for the investigation of an 

outbreak by simply comparing severe verses non-severe cases to determine the likely route of 

exposure.  For routinely reported cases, Gillespie, et. al. stratified Campylobacter cases by those 

who reported knowing others who were ill from those who did not, to determine if point source 

outbreaks are more common than reported and if risk factors for these sets of cases differ from 

one another.  Their results found that cases who reported others ill in the home had different risk 

factors than those who reported no known ill contacts.  

Same Disease, Different Time Period:  The final way in which cases of the same disease can be 

used as comparison cases is to compare historical cases to current cases.  This idea was proposed 

by Wilson, et. al.
8
 as a way of tracking how risk factors may change over time.  Like other 

comparison cases that are the same disease as the cases of interest, historical surveillance case 

data have the advantages the same reporting, symptomology, seasonality and questionnaire 

design (with some exceptions to questions that may be added or changed over time).  While risk 

factors that remain the same will not be detected, these comparison cases can be used to track if 

any changes in attributable risk are occurring over time and may play an important role in 

outbreak investigations.   

For many outbreaks, the sources are different than the contributing risk factors of sporadic 

infections.  This is true for a variety of enterics where the source of the outbreak is very different 

from the commonly reported risk factors associated with the organism (spinach and E. coli, 

cantaloupe and Listeria, etc.).  However, as new risk factors are discovered, additional questions 

may be added to routine questionnaires that were not asked in previous years so any changes in 

the questionnaire or additional emphasis added to certain risk factors should be known to the 

investigators.  One limitation in outbreak investigations is the questionnaire.  Some outbreaks 

incorporate longer, more detailed questionnaires that are used for sporadic cases.  In this 
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circumstance, only risk factors that are asked as part of a routine questionnaire can be evaluated 

in the case-case study.   

For this reason, historical data should only be used within a shorter time period (5 years or less) 

of the time of the outbreak, although this time period may depend on the disease.  Finally, due to 

the seasonality of many enterics and associated risk factors, historical cases should be used from 

the same months or season of the outbreak.  In a recent analysis of a community-wide outbreak 

of Campylobacter by the authors, this was found this to be an effective method of determining 

the possible sources of infection (unpublished data).  

Similar Disease, Different Organism:  Another way in which comparison cases can be selected is 

to choose a disease that is similar in its clinical symptomology and is reported through the same 

surveillance system as the cases of interest.  This method has been used to help describe the 

routine risk factors of various infections by comparing it to other enterics, either by specific 

organism
8
 or even comparing, for example, Campylobacter to all non-Campylobacter cases 

reported through the same system, during the same time period
7,8

.  The limitation of this method 

is that the investigators must know the common risk factors for the reference disease used.  If 

there are any common risk factors among the diseases, it will result in a null association as 

described above.     

One advantage of using a different disease with similar symptomology is the availability of a 

greater number of cases to power the study and even match by possible confounding factors.  

However, the risk of bias is greater among these cases.  Information bias may become an issue 

for well-known versus rare diseases.  For example, more people may know chicken is a risk 

factor for Salmonella but not for Campylobacter and may be more likely to report eating chicken 

if diagnosed with Salmonella verses Campylobacter.  Recall bias and selection bias can occur if 

the diseases differ greatly regarding the incubation period, where the time from exposure to 

interview may vary substantially or severity of symptoms, which would lead to increased 

reporting due to a higher proportion of cases seeking medical care.   

Another way in which cases of comparable symptomology have been utilized is to study vaccine 

effectiveness.
28,29

  For this study, all cases of rotavirus were compared to all reported cases of 

other gastrointestinal illnesses.  The rate of vaccine coverage in both groups was compared and 

used to determine the characteristics of children with and without vaccine and if effectiveness 

varied by region.  

Despite these possible issues, these comparison cases have been used successfully in various 

studies and with further consideration, may prove useful in additional studies for a variety of 

diseases, especially as the recruitment of non-ill controls becomes more challenging. 

Selection of Comparison Cases Based on Study Aims and Goals 
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The two primary aims of case-case studies of enteric diseases are to determine the source of 

outbreak cases and describe risk factors of sporadic/routine cases.  Cases of the same organism 

but different genetic subtype are the most commonly used comparison cases.  However, 

comparison cases do not have to be the same organism.  Table 3 shows the studies that have been 

published that use a case-case method for the study of an enteric disease, the comparison case 

used, study goal and outcome.  

Describing Routine Risk Factors – Various studies have used this method to describe risk factors 

of enteric diseases.
4,5,7-9,15,16

  These studies range from using different organisms to determine the 

risk of a particular exposure
9
 to using the different subtypes of the same organism to determine 

specific risk factors for each subtype.
15,30

  There are four primary goals for case-case studies that 

describe routine risk factors, the comparison cases used differ for these four goals.  If the primary 

goal of the study is to determine risk factors by subtype, the most appropriate comparison case is 

one of the same disease but different subtype from the cases of interest.  For studies that are 

comparing subtypes or serovars of the same disease or antimicrobial properties, a case-case study 

is the most efficient and accurate way to make these comparisons. 

Investigating Outbreaks – For outbreak investigations, the main aim is to rapidly determine the 

source of the outbreak.  The use of Pulse Field Gel Electrophoresis (PFGE) data can be readily 

used in point source outbreaks to differentiate distinct subtypes for comparison cases to the 

outbreak strain.  However, in non-point source outbreaks where PFGE data is unavailable, the 

option of comparison cases will be based on availability of data collected on either other 

subtypes or other enterics during the same time period.  Figure 2 shows the primary comparison 

case options based on method of outbreak detection and availability of data.  

Comparison cases, as noted, can come from many sources.  Standardization of the selection 

process will allow results to be compared across studies and understanding of risk factors 

involved to be improved.  As with other traditional controls, the best choice of a comparison case 

will be those individuals that are similar to the cases of interest with the exception of the risk 

factors that lead to the outcome in question.  The more that is known about the cases of interest, 

the more specific the comparison cases can likely be.  The ultimate goal is to reduce bias and the 

resources needed to conduct the study.  If case groups are too similar, however, there is the risk 

of overmatching.  

In addition to general risk factor studies, there may be a role for case-case studies in other types 

of research questions; questions that only very large case-controls have the power to answer with 

far fewer resources needed such as questions about seasonality and the role of travel in 

transmission.  Many enteric infections are seasonal and the case-case design may be used to 

discern if this is due to differences in exposure or is a biological characteristic of the organism.  

This has only been explored in a limited way with Salmonella.
31

  A case-case study could also be 

used to explore questions about particular exposures that occur during foreign travel that make it 

a common risk factor for enterics.  For example, foreign travel is a commonly reported risk 
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factor for a variety of foodborne diseases, but the travel itself is not the true exposure to the 

organism.  Using case-case studies can further delineate what exposures are leading to illness 

among travelers.  Another possible use for case-case studies is in risk assessment.  Outbreak 

investigations are often used to help determine the dose-response
32

 needed for risk assessment 

modeling.  By comparing cases by severity it may give a greater array of data to determine the 

range of responses based on the dose. 

Future Directions 

The case-case methodology for enteric diseases is a promising new design for enterics research 

and investigation.  Methods need to be strengthened and their application to multiple study 

questions explored.  The potential use of existing routinely collected surveillance data is an 

important avenue to explore given its efficiency and cost-effectiveness for health departments 

needing to investigate an outbreak or describe the risk factors of a particular disease in their 

community.  Ensuring standardization and high quality of surveillance data will enhance the use 

of surveillance data for additional purposes.  Quality assurance should be pursued in three main 

areas 1) standardized terminology 2) completeness of data and 3) standard questionnaires. 

Need for Standardization  

One of the challenges in reviewing case-case studies is the differences in terminology used to 

describe the comparison cases.  Earlier studies more often use the term ‘control’ or ‘control-case’ 

to describe the comparison cases.  While this terminology implies the role these cases are playing 

in the analyses, it can lead to confusion as to what constitutes a control.  More recent 

publications have moved towards simply referring to the comparison cases by the organism or 

serotype.  This makes the associations between the cases of interest and the comparison cases 

more explicit by removing the term ‘control’, thereby avoiding any confusion. Future case-case 

studies should reference the comparison cases by name to help distinguish case-case results from 

case-control results.  For example, if the comparison cases are Campylobacter jejuni, or all non-

Salmonella acute gastroenteritis cases, simply refer to them as such. 

Challenges related to standardized data collection should also be addressed.  The first challenge 

with using surveillance data is incomplete data.  Conducting case interviews has its own 

challenges, but an understanding of how responses can be used to solve future public health 

problems may be helpful.  Institutional level changes that can be made include questionnaire 

design and data coding.  Most departments use specific questionnaires for each enteric infection.  

While these questionnaires cannot be identical based on varying risk factors by disease, any 

questions that are the same should be asked identically to reduce any variation between cases.  

This is also true for any similar questions between routine and outbreak questionnaires.   

Conclusions 
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Case-case studies will not be able to replace case-control studies, but under certain circumstances 

they can be used to answer questions efficiently and with minimal bias.  Unlike many other 

diseases, enteric infections have the advantage of regular data collection through routine 

surveillance systems.  This case data is often under-utilized and at a minimum, can be used to 

generate hypotheses about the risk factors that are leading to disease within a community.  From 

a pragmatic view, this method also allows health departments and researchers to investigate 

sources of disease and the use of the standardized approaches outlined here will help to make the 

results from both academic and applied fields complement each other.   
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Table 1:  (+) Advantages and (-) Limitations of Case-Control and Case-Case Methodologies; those categories without references are based on theory 

 

Case-Control Methodology Case-Case Methodology 

Selection Bias  (-) Population-based controls are identified and recruited 

through a different process than the cases.33 

(+) Cases and control-cases both identified through same surveillance system.2 

Recall Bias (-) Occurs when controls recall information differently 

from cases by virtue of not experiencing the disease. 

 (+) Reduced due to both groups experiencing some symptoms.  May be relevant 

for comparisons of different subtypes or agents that result in more severe 

symptoms or different incubation periods. 

Information Bias  (-) Unknown whether controls are truly disease free.  

Specifically known as a misclassification bias. 

 (-) Possible; risk factors for some diagnoses may be well known to interviewer 

and possibly the case, leading to additional information on these risk factors 

reported.8 

Representative  (+) Measures exposure prevalence of population through 

random selection of non-ill controls15.  Allows for 

exposure comparison between people who were ill and 

those who were not ill. 

(-) Selection of controls based on factors related to exposure – may not represent 

true exposure prevalence of larger population. 

(-) Different from general risk factors seen when compared to healthy people. Will 

restrict the range of exposures that can be studied but is predictable for a known 

disease.2 

Interpretation of 

Odds Ratios 

(+) Standard measure of association used. (-) Measures of effect should be interpreted cautiously with regard to what group is 

being used as the comparison cases8. 

Identification of 

New or Unique 

Risk Factors 

(+) Able to determine prevalence of risk factors, otherwise 

cannot adequately determine magnitude of direction for 

the population at risk. 

(+) Longer questionnaires used in case-control studies may 

allow for identification of rare risk factors. 

(-) Risk factors may be underestimated or not identified because present in both 

groups, but useful to generate hypotheses for other studies. 

(+) If analysis is run often, it may detect changes in risk factors not otherwise 

found.8 

(-) Questions about rare risk factors may not be on routine surveillance form for 

analyses. 

System 

Requirements 

(+) Can be performed even with inadequate surveillance 

system because all participants will be interviewed during 

study or part of outbreak investigation. 

(-) Missing data will restrict analyses.  Method more effective with detailed 

surveillance data. 

Recruitment  (-) Difficult to recruit population-based controls. (+) Cases  and comparison cases already in the routine surveillance system 

(+) Can utilize as many comparison cases as needed based on study’s power needs 

Cost  (-) $$-$$$  (+) $-$$ 

Timeliness  (-) In outbreak investigations, additional time is needed to 

identify, recruit and interview controls interviews leading 

to an increased time until analyses complete. 

 (+) Can be done quickly in an outbreak following case interviews utilizing 

existing comparison case data  

Effort (-) Conducting large studies often require a large number 

of staff hours for interviews, data management and 

analysis. 

(+) Analysis can be done easily  
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Table 2:  Selected Comparisons among Potential Comparison Cases 

 Same Disease, Different Characteristics 

(PFGE or subtype) 

Same Disease, Different Time Period Different Disease with Similar Symptoms and  

Reporting Process 

Advantages - Utilizes the same surveillance and reporting 

systems. 

- Should have the same seasonality cases of 

interest. 

- Same or very similar questionnaire 

- Same time period of exposure  

- Utilizes the same surveillance system and reporting. 

- Should have the same seasonality for both historical and 

current cases. 

- Same or very similar questionnaire 

- Potentially large data set based on annual number of cases 

and number of years of available data. 

- Utilizes the same surveillance system and reporting. 

- There may be more cases of the comparison disease 

available which can increase the power in the analyses. 

- Can match cases on potential confounding factors such 

as gender, age and location. 

- Same time period of exposure  

Dis-

advantages 

- For rare disease, limited number of comparison 

cases reported during the same time period. 

- Requires laboratory diagnostics on subtype or 

PFGE pattern; may not be available for all 

reported cases. 

- May be difficult to detect a risk factor that is the same for 

both historical and current cases.   

- Resulting odds ratios given based on a comparison to 

another disease.  

- Questionnaire may focus on different risk factor(s) 

making a direct comparison difficult. 

Information 

Bias 

- For cases identified as part of a known PFGE 

cluster, extended questionnaires may be 

conducted on additional exposures not asked for 

routine cases. 

- Same disease so it likely has the same or similar 

symptoms.  The testing on the organism should be the same 

as well. 

- If knowledge of the disease has changed, emphasis of 

certain risk factors may be different from one point in time 

to another. 

- Dietary habits could change over time. 

- Possible risk factors for a more commonly known 

disease could be reported more readily.  

- Possible if different tests are more sensitive and find a 

greater number of cases of one type over another. 

- Possible reporting bias due to differences in reporting 

efficiency. 

Recall Bias - Questionnaires may be longer for suspect 

outbreak cases than sporadic cases.  May 

increase recall if more specific exposures asked.  

- Limited between cases of the same disease with similar 

incubation periods. 

- May have different questionnaire for outbreak cases. 

- Possible if one disease has a much longer incubation 

period than the other.  Longer time from the exposure to 

the interview could affect accuracy of the recalled foods. 

Selection 

Bias 

- Recruitment for interview may be greater for 

case tied to a known cluster (such as matching 

PFGE pattern) than routinely reported cases. 

- Greatly reduced because it is the same disease being 

reported by the same surveillance system 

- Can be randomly selected from same surveillance system 

if comparing to a matched case-control 

- If the comparison disease has more severe symptoms, 

it may be more likely to be reported and tested for. 
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Table 3 – Published Case-Case Studies of Enteric Infections 

Author & 

Study Year 

Cases of 

Interest 

Comparison Cases Study Question Study Goal Type of 

Comparison Case 

Results 

Krumkamp6 

2003 

C-C 

outbreak strain 

of Salmonella 

all other reported 

Salmonella spp. in 

same time & space 

Can surveillance data be used to help 

solve an outbreak of Salmonella? 

solve outbreak same disease, 

different subtype 

Case-case: high ORs for beef & 

pork ; Case-control: links to 

specific butcher shop 

Gobin3  

2010 

C-C (-) 

Non-travel S. 

enterica java  

non-travel related S. 

enteritidis 

Is dining out a risk factor?  What 

restaurant foods are highest risk 

factors? 

solve outbreak same disease, 

different subtype 

Salad vegetables implicated but 

no confirmation 

Gaulin25 

2009 

PFGE matched 

O157H7 

O157:H7 w/ diff 

PFGE - same time 

period 

Can case-case be used to solve 

outbreak & match exact probability 

results? 

solve outbreak same disease, 

different PFGE 

Raw cheese 

Aiken9 

2004-2007 

non-Enteritidis 

Salmonella 

Campylobacter What is the risk of Salmonella due to 

reptiles? 

describe risk 

factor 

similar disease, 

different organism 

Much higher risk seen for 

Salmonella compared to 

Campylobacter especially for 

younger ages 

Gillespie15 

2001 

C. coli C. jejuni Can case-case be used to generate 

hypotheses of risk factors? 

describe risk 

factor 

same disease, 

different subtype 

Different risk factors by subtype 

Sopwith30 

2003-2006 

C. coli C. jejuni What are the risk factors for C. coli? describe risk 

factor 

same disease, 

different subtype 

Some different risk factors by 

subtype 

Wilson8 

2006 

All major 

enterics 

All Campylobacter 

cases 

National level data - can case-case be 

used to study trends in enteric 

diseases? 

describe risk 

factor 

similar disease, 

different organism 

Differences observed that match 

well known risk factors  

Wingstrand7 

2000-2001 

C-C 

Campy-lobacter non-Campylobacter 

GI cases 

Case-case vs. case-controls describe risk 

factor 

similar disease, 

different organism 

Same results for most with 

exception of travel & raw water 

Gillespie16 

2000-2001 

C. jejuni cases-

reporting others 

ill 

C. jejuni cases - not 

reporting others ill 

Are point souce outbreaks of 

Campylobacter more common that 

thought?  Use reports of 'others ill' 

describe risk 

factor 

same disease, 

different risk factor 

Different risk factors for those 

reporting knowing others ill that 

not knowing others ill 

Giraudon34 

2005 

severe outbreak 

cases 

non-severe outbreak 

cases 

Is there a difference in risk factors by 

severity of disease? 

solve outbreak same disease, 

different clinical 

symptoms 

Certain foods associated with 

more severe illness 

deValk26**  

1999-2000 

2 outbreak 

strains of 

Listeria 

sporadic cases of 

Listeria dx during 

same time 

What is causing the outbreak? solve outbreak same disease, 

different PFGE 

Jellied pork tongue  
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CDC-

MMWR35** 

1998 

Outbreak strain 

of Listeria 

sporadic cases of 

Listeria dx during 

same time 

What is causing the outbreak? solve outbreak same disease, 

different PFGE 

Hotdogs 

Harker36 

2008 

C-C (-) 

S.typi - specific 

phage 

S. enteritidis What is causing the outbreak? solve outbreak same disease, 

different subtype 

Reptile feeder mice 

Bellido-

Blasco28 

2009 

Rotovirus cases Cases of similar 

disease, not 

rotovirus 

What is the rotovirus vaccination 

effectiveness? 

describe risk 

factor/ 

vaccine 

effective-ness 

similar disease, 

different organism 

Rotovirus vaccine effective 

Kist5 

1988-1992 

C-C 

S. Enteritidis other Salmonella 

serovars 

What are the risk factors for S. 

Enteritidis & cause of increase? 

describe risk 

factor 

same disease, 

different subtype 

Raw eggs likely source of 

infection 

CSSSC37* 

2000-2001 

 

Cipro resisitant 

C. jejuni 

Cipro susceptible C. 

jejuni 

What risk factors are associated with 

resistance to ciprofloxicin in 

Campylobacter jejuni? 

describe risk 

factor 

same disease, 

different anti-

microbial property 

Foreign travel associated with 

increased risk of Cipro resistance 

Kassenborg4 

1998-1999 

C-C 

Fluoroquinolone

-resistant 

Campy 

Fluoroquinolone-

susceptible Campy 

What risk factors are associated with 

resistance to fluroquinol in 

Campylobacter jejuni? 

describe risk 

factor 

same disease, 

different anti-

microbial property 

Foreign travel associated with 

increased risk of Fluro resistance 

*Campylobacter Sentinel Surveillance Scheme Collaborators 

** Referred to as case-control study but all controls were other cases. 

C-C:  Concurrent case control conducted; C-C (-): Concurrent case control study attempted but unable to recruit enough controls 
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Figure 1 – Comparison Case Selection for Studies Aimed at Describing Routine Risk Factors of 

Disease 
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Figure 2 – Comparison Case Selection for Studies Aimed at Investigating Confirmed or Suspect 

Outbreaks 
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Abstract 

Introduction:  The aim of this study was to determine if the cluster of seemingly unrelated cases of 

Campylobacter was in fact, part of a wide-spread community outbreak.  The study was done using 

almost simultaneous case-control and case-case studies.  The use of case-case studies for the study of 

enteric disease outbreaks can be done with far fewer resources and does not introduce selection and 

recall bias that are common in case-control studies.  

Methods:  The existence of the outbreak was first confirmed using a common aberration detection 

method.   The case-control study used non-ill controls contacted through random digit dial.  The case-

case study used historical cases from the same surveillance system.  Crude odds ratios were calculated 

using logistic regression.  The role of ethnicity and travel history were examined for both confounding 

and effect modification. 

Results:  The risk factors found to be associated with disease in the case-control were travel OR= 4.1 

being Hispanic (OR =4.5) and youth (OR=3.6).  For the case-case study, the two statistically significant 

risk factors were exposure to untreated water (OR=3.4) and consumption of fresh eggs (OR=2.5).  When 

the case-case data was stratified by travel history, the associations between untreated water (OR=14.0 

for travelers vs. OR=undefined for non-travelers) and eggs (OR=11.5 for travelers vs. OR=1.5 for non-

travelers) and disease was clearly being effected by travel history. 
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Conclusions:  These two studies showed the utility of a case-case method to help detect an outbreak.  

The risk factors identified in the case-case study used previous cases to indicate changes among 

commonly associated risk factors.  Travel history is a common risk factor of Campylobacter but it is not 

the true exposure.  This study showed that these outbreak cases could be largely attributed to travelers 

who had untreated water consumption and consumed fresh eggs.   

 

Background 

Case-control studies are the primary design used in food-borne outbreak investigations.  Yet the 

resources required to carry out a case-control study are often beyond the capacity of local health 

departments.   Developing rapid, minimal resource methods to identify factors associated with an 

outbreak could lead to a more consistent and timely response to local level outbreaks.  Case-case 

studies are a potentially effective alternative for some outbreak investigations.1-4   

Case-case studies are similar to case-control studies, but the controls are other ill cases instead of an 

unaffected control. Case-case study designs have been utilized in studies of other diseases such as 

cancer6 and have been discussed as a possible alternative to determine the cause of many enteric 

diseases.5, 6  These methods have been used in a few studies outside of the U.S.4, 5, 7, 8  The selection of 

the comparison cases will vary based on the goals of the study.  In this study, historical cases from 

surveillance data were utilized as the comparison cases.  Case–case studies are most effective for 

identifying anomalies in risk factors rather than determining risk factors for routine transmission.  This is 

particularly true when comparing cases of the same disease (i.e. current cases with historical cases).  In a 

case-case study, the resulting odds ratio of 1.0 will only indicate that the odds of exposure to that risk 

factor is not different between the historical and current cases.  An elevated odds ratio, however, could 

indicate a potential new source for the outbreak.  

Campylobacter is the leading cause of bacterial gastroenteritis globally9.  In the United States 45,000 

laboratory confirmed cases are reported each year,10 but the organism is estimated to cause 2.4 million 

cases annually11.  Most of these cases are sporadic in nature and not linked to any known point source 

outbreak.  For those outbreaks that do occur, most are linked to unpasteurized dairy12 and untreated 

water13.  In Arizona, the annual rate of reported Campylobacter has been on average 1.23 times higher 

than the national average over the past ten years 14, 15.  Laboratory confirmed Campylobacter is a 
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mandatory reportable disease in Arizona16 and an average of 900 laboratory confirmed cases are 

reported each year17.  

In mid-September of 2011, the Pima County Health Department (PCHD) in southern Arizona noted a 

sharp increase in the number of Campylobacter cases reported through their routine enteric 

surveillance system.  A review of interviews conducted with a standard questionnaire did not reveal an 

obvious point source.  A collaborative partnership between PCHD and the University of Arizona sought 

to identify the possible source for this outbreak and to evaluate the efficiency of two parallel study 

designs; a case-case study and a case-control study.   

Methods 

Overview – Aberration analyses was used to determine if the apparent spike in cases was statistically an 

outbreak.  A frequency matched case-control study was conducted to determine risk factors associated 

with the outbreak, with community controls recruited by telephone.  A case-case study was designed to 

compare the current cases with historical Campylobacter case interview data from the same county 

health department.  Comparisons between the results of the two designs were made using the case-

control study as the “gold standard”.  

Aberration Detection – A standard aberration detection algorithm was used to calculate the running 

mean of historical cases for the time period 2006-2010.18-20  Current cases were grouped in 4 week 

intervals to be compared to five years of historical data for the same 4 week intervals.  These weeks 

represent the Center for Disease Control’s Morbidity and Mortality Weekly Report (MMWR) reporting 

week (1-52) for each respective year and indicate when the case was reported to the state health 

department and not the onset date of the case.  Average case count (15 time periods total) was 

determined for time intervals (the current time period, the 4 weeks before and the 4 weeks after).  For 

example, the number of 2011 cases from weeks 7-10 would be compared to the average case counts for 

weeks 3-6, 7-10 and 11-14 for the historical time period of 2006-2010.  This was repeated for each 4 

week interval of cases throughout the year.18, 21  When using surveillance data, suspect outbreaks are 

noted when the number of current cases are above two standard deviations of the running mean21.    

Case- Control Study   

Case definition and interviews:  Cases were defined as laboratory confirmed Campylobacter cases 

identified between July 2011 and September 2011 who resided in Pima County and reported to the 
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health department through routine laboratory surveillance (outbreak cases).  Outbreak cases had been 

interviewed by county Epidemiologists using a standard Campylobacter investigation form.  De-

identified data were provided to the investigators on demographics (age, gender, zip code), symptoms, 

travel, and exposure history to common risk factors for Campylobacter, such as  self-report consumption 

of unpasteurized dairy and eggs, chicken and untreated water, attendance at petting zoos, contact with 

pets (both well and sick), contact with someone with diarrhea, attendance at any social/public 

gatherings, getting their face wet in a river, lake or pond, and travel history, history of antibiotics or 

antacids and being vegetarian.   

Control definition, recruitment, and interviews:  Controls were identified through random digit dial and 

telephone interviews.  Telephone numbers were generated using a random number generator in Excel.  

City prefixes were used to ensure contact was made in the same geographic area as cases.  If the 

number was disconnected, there was no answer after two attempts, or the number was for a business, 

the number was considered ‘non-contactable’.  If the person spoke a language other than English, or 

there was no one in the household that met the needed age and gender criteria, the person was 

counted as ineligible.  Controls were matched to cases by gender and age group (0-11months, 1-9 years, 

10-19 years, 20-29 years, 30-59 years and greater than 60 years old).  The goal was a 2:1 frequency 

match for controls to cases.  Controls were excluded if they reported having been diagnosed with 

Campylobacter in the last month.  If selected controls were less than 14 years of age, the available 

guardian or parent was interviewed.  For controls 14-17, permission from a parent or guardian was 

obtained before the interview took place. 

A questionnaire similar to that used by the PCHD for case interviews was used to collect risk factor data 

from controls.  As there was a three month delay between case interviews and control interviews, 

exposures that were less subject to recall bias (i.e. drinking and recreational water exposures for the 

relevant months of July-September and attendance at social gatherings ) were asked for the period of 

time of the identified outbreak.  Controls were asked about food consumption of specific items for the 

two weeks prior to the interview to more closely match the recall period required of cases.  Surveys 

were administered using the online survey program Illume (DatStat Corp, Seattle, WA).  

Case-Case Study   

Cases:  The same cases were used for the case-case study as the case-control study. 

134



  

Historical Cases:  Historical cases were used as the comparison cases and identified from surveillance 

data on Campylobacter cases reported to PCHD from January 2007 to September 2010 (only weekly case 

counts were available for 2006).  Of the 681 potential cases from this time period, 105 without risk 

factor data were excluded.  Comparison cases were restricted to those cases occurring during the same 

season as the outbreak cases:  July – August of 2007 – 2010 (n = 186).  The same interview form and 

questions for the historical cases were used as the outbreak cases. 

Statistical Analyses:    

While the spike in cases was noted in August (weeks 33-36) due to reporting, cases with onset dates 

from July – September were included as the outbreak cases.  Data for all three months were used to 

account for any earlier or later exposures or reporting.  When the months of July (N=10), August (N=26) 

and September (N=12) were combined, a total of 48 outbreak cases were included in the analyses.    

However, because some of the cases were not identified until after the case-control studies had begun, 

the sample size for the ‘outbreak’ cases was limited to 38. 

Counts and frequencies were determined for demographics, symptoms and risk factors for controls and 

both sets of cases.  Some risk factor categories were merged (e.g. queso fresco and raw dairy were 

combined as a single raw dairy exposure).  Fisher’s exact tests and Student’s t-tests were performed to 

determine differences in demographic characteristics between the outbreak cases and the phone 

controls and outbreak cases and historical cases.  Logistic regression analysis was used to estimate odds 

ratios as the measure of effect with 95% confidence intervals, although interpretation of odds ratios 

differed by study design.  Multivariate models were used to evaluate ethnicity and travel history as 

either potential confounder or effect modifier.  All analyses were conducted in Stata version 11.022. 

Results 

Aberration detection – 

Figure 1 shows the running mean for 2011 cases compared to the running mean by week for the 2007-

2010 historical cases.  The reported cases in weeks 33-36 (N=27) of 2011 were 2 standard deviations 

above what was expected given historical data and were almost double the historical average of 15 

cases during the same time period.  This would indicate that an outbreak of Campylobacter did occur 

within the county during this time period.   

Case-Control and Case-Case Studies 
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Response Rate:  The goal was to recruit 76 controls that were age and gender frequency matched to 

those 38 outbreak cases that were reported at the time of the study’s design.  During the 22 days of 

data collection, 2,016 randomly selected phone numbers were called.  Of these, 624 numbers were 

never answered, 784 were disconnected and 156 were businesses.  These calls yielded in the contact of 

452 households of which 31 either spoke only Spanish (N=17) or did not meet the age and gender 

criteria for the frequency match (N=14) and 68 completed interviews (15% response rate from eligible 

households).  On average, these interviews required 2.8 hours of staff time for each successful interview 

and each interview took approximately 20-25 minutes to complete.   

Demographics of Study Populations:  Table 1 compares the demographic characteristics of the outbreak 

cases (N=48), historical cases (N=186) and phone controls (N=68).  When comparing the outbreak cases 

to the phone controls, there were no statistically significant differences by gender or age, indicating the 

frequency matching was successful.   However 44% of cases were Hispanic compared to only 28% of 

phone controls (p =.002).   The percentage of Hispanic residents in the county as a whole is 34.6%23.       

Those under the age of 20 made up 35% of the outbreak cases, with the majority between 10-19 year 

olds (23% compared to only 9.7% of historical cases in the same age group).  Historically, cases among 

children have been evenly distributed by gender (ranging from 44% to 56% depending on age group) but 

there were more boys reported in the outbreak cases (60% of the 1-9 year olds were boys and 64% of 

the 10-19 year olds) (data not shown).  The opposite was seen among adults where, in general, the 

percentage of men was lower for the outbreak cases compared to the historical cases indicating that 

women made up a higher proportion of cases during this time period.  For the phone controls, women 

accounted for a higher proportion than observed among the outbreak cases (56% female for outbreak 

cases and 65% for controls).   

Spatial Distribution:  Outbreak cases were found to occur disproportionately in three zip codes that 

accounted for 46% of all cases in July-September 2011.  These zip codes were geographically adjacent 

and include 15.2%23 of the total population for the county.  During these three months, 20% of cases 

came from zip code 1, 15% from zip code 2 and 11% from zip code 3.  This was compared to the 

historical cases residing in zip code 1 (12%), zip code 2 (6.3% ) and zip code 3 (2.3%) (Figure 2).  None of 

the phone controls resided within these three zip codes.  Within these zip codes Hispanics made up the 

majority of cases, however they also account for the majority of residents in these zip codes according 

to the 2010 U.S. Census23.  Analyses of common risk factors were done for these three areas alone with 

no statistically significant differences identified to all other outbreak cases (data not shown).    
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Symptomology:  Symptoms were compared for the outbreak cases and the respective historical cases 

(Table 2).  Most symptoms were reported consistently between the two sets of cases.  There were no 

differences when the outbreak case data were compared to the same months in the historical cases.    

However, hospitalizations were reported more commonly among cases from July -September 2011 as 

compared to cases for those same months in the previous four years (25% vs. 15%).  While 

hospitalizations were not statistically higher than the historical averages, the number of cases 

hospitalized in the months of July-September (N=12) accounted for 50% of the hospitalized cases in the 

year to date.   

Risk Factor Comparisons 

Case-Control Analysis:  Table 3 reports the frequency of consumption of various food items and various 

lifestyle behaviors among the outbreak cases and controls.  Cases were more likely to report consuming 

unpasteurized dairy (15% vs. 10%), have a travel history (29% vs. 10%), particularly outside of the U.S. 

(25% vs. 10%) than controls.  The statistically significant crude risk factors were any travel history in the 

last 30 days (OR=4.07; 95% CI 1.49-11.13), travel to Mexico (OR=3.24; 95% CI 1.01-10.43), travel 

anywhere outside of the U.S., including Mexico (OR=3.88; 95% CI 1.33-11.28) and being Hispanic 

(OR=4.53; 95% CI 1.79-11.5).  Eating poultry was ‘protective’ but not statistically significant and no 

distinction was made between consumption in the home or away from home in the questionnaire.  

Exposure to untreated water had no association for all three months combined, but when exposure for 

controls was limited to only the month of August, the odds ratio increased from 1.01 to 1.87 although 

neither was statistically significant.  Fresh eggs could not be analyzed because the question was asked 

differently for the cases and controls.  When the models were adjusted for age and gender, the odds 

ratios for each decreased with travel history in the last 30 days (OR=3.3; 95% CI 1.2-9.4), travel to 

Mexico (OR=2.6; 95% CI .8-8.7), and being Hispanic (OR=3.6; 95% CI 1.2-10.5). 

Since ethnicity (Hispanic or non-Hispanic) showed such strong relationships in the crude odds ratios, the 

logistic regression for each risk factor was calculated adjusting for ethnicity (non-Hispanic as the 

reference).  After adjustment, the most significant change was for travel history.  In the adjusted model, 

the odds ratio decreased from 4.07 to 1.48 for any travel and from 4.5 to .43 for travel to Mexico; 

neither relationship was statistically significant (data not shown).  However, for other risk factors the 

inclusion of ethnicity into the model made little difference in the measure of effect.  Due to this, the 

decision was made not to adjust for ethnicity in the final models.    
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Case-case analysis:  Table 3 also reports the results for comparisons between the outbreak cases and 

historical cases. Exposure to untreated water was statistically significant OR=3.4 (CI 1.3-9.3) indicating 

that the outbreak cases had a 3.4 higher odds of having been exposed to untreated water compared to 

historical cases.  Consumption of fresh eggs was also a significant risk factor that may have contributed 

to the outbreak, OR=2.5 (CI 1.1-5.4).  The location in which eggs were purchased and consumed was 

asked but there were no significant differences between the outbreak cases and historical cases (data 

not shown) and there were many missing or unknown responses.   

Given the elevated odds ratio for travel observed in the case-control study, the role of travel history was 

further explored in the case-case study.  Table 4 shows the stratification of cases by travel history and 

their subsequent odds ratios for other risk factors.  Exposure to untreated water was large and 

statistically significant risk factor for travelers (OR=14.0, CI 3.2-61.1) as was consumption of eggs 

(OR=11.2, CI 2.0-62.8).  For non-travelers, these relationships were either not observed or reduced 

greatly.  However, the stratified results did not differ for all risk factors including poultry consumption 

and contact with a person with diarrhea.  

Discussion 

Case-control study designs seek to determine what risk factors contribute to the development of an 

illness, and case-case study designs can be used to determine how those risk factors are changing over 

time or if there are inherent differences between two sets of seemingly similar cases.  The main goal of 

these studies was to determine if a case-case study may act as an addendum to a case-control study for 

an enteric disease or even a possible proxy if the resources are unavailable to conduct a case-control 

study.  This was evaluated by conducting both a case-control study and case-case study within the same 

populations and general time frame.  The strengths of a surveillance-based case-case study are reduced 

recall bias and selection bias because all cases and control-cases are selected from the same reporting 

system.  The greatest benefit of using a case-case methodology is related to resources.  These studies 

can be conducted with existing case data, eliminating the staff time and effort needed to find and 

interview controls.  However, they cannot be used for every circumstance.      

Case-control studies are the traditional way in which risk factors are determined for enteric pathogens 

such as Campylobacter and many such studies have been done on both sporadic cases24-31 and outbreak 

associated cases32, 33.  While case-control studies can help to determine which risk factors are associated 

with development of disease by comparing cases to non-ill controls, they are costly and time consuming.  
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This often makes them prohibitive to conduct for health departments outside of large, point source 

outbreaks.  The most notable limitation to a case-control study is the identification of appropriate 

controls, particularly within a resource-limited health department.  Conducting often lengthy 

questionnaires with randomly selected non-ill controls that may have little desire to participate can 

introduce selection bias.  Another common limitation of case-control studies is recall bias due to 

different experiences surrounding an illness.  

In this case-case study, the comparison cases were drawn from the same surveillance system as the 

outbreak cases.  This reduces or eliminates the selection bias associated with historical cases as 

controls6.  Recall bias is also minimized because all cases had symptoms and all were interviewed within 

a similar time period following their laboratory confirmation.  Another important strength of this study 

design is the utilization of minimal resources.  Campylobacter is a mandatory reportable disease and 

case reports are routinely collected.  The analyses for this specific disease and design can be readily 

done to look for changes in risk factor profiles among confirmed cases.   

Case-case studies may be particularly useful in detecting outbreaks within a larger pool of routine cases.  

If, for example, a small outbreak occurred where the point source was contact with a puppy, a case-

control study may result in a higher odds ratio for puppy contact for that time period than is typically 

seen with Campylobacter cases compared to non-ill controls.  This method may not definitively pinpoint 

the source of the increase in cases since it is already a known risk factor for routine cases, although a 

case-case analysis would indicate that during that time period, the risk of being a case was higher for 

people who had contact with a puppy than previous cases of the disease.  For pathogens such as 

Campylobacter that often have different risk factors for outbreak verses routine cases26, this method 

may help to identify small, previously unnoticed outbreaks without the additional time and money 

needed to conduct control interviews.  

Within the case-control study, very few of the commonly reported risk factors for sporadic 

campylobacterosis were statistically significant.  Chicken, the most common risk factor for 

Campylobacter, was found to have an odds ratio under 1.0; although similar results were observed in a 

large case-control study of sporadic Campylobacter cases for chicken consumed in the home while 

chicken eaten away from the home was found to be a risk factor26.  The results in this study may indicate 

that more of the cases consumed chicken at home, but location was not asked so the real reason 

remains unknown.   Risk factors commonly associated with outbreak cases, the consumption of 
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unpasteurized dairy and contact with untreated water, were not statistically associated with an increase 

in the odds of disease.  This could be due to both small sample size and possible recall bias.   

The strongest associations from the case-control study were associated with travel history.  Foreign 

travel was associated with Campylobacter in a number of case-control studies25, 26, 28, 34 and, while all 

foreign travel had a stronger strength of association, given the proximity to the U.S. Mexico border, the 

association particularly with Mexico was a finding that has relevance to public health control planning.  

Interestingly, when this association was adjusted for Hispanic ethnicity, it was clear that being Hispanic 

was a confounder in relationship between travel history and development of disease but not an effect 

modifier (ethnicity did not change the measure of association when stratified by travel history).    

There are a number of limitations associated with both of these study methodologies.  For outbreak 

cases, the average length of time from onset of symptoms to completion of a questionnaire was 15.8 

days (range 6-37 days).  While cases may have been more inclined to think about what may have made 

them ill, they were still being asked to recall their food and exposure history approximately the 3-4 

weeks prior to the interview.  For controls, food consumption was asked for the two weeks prior to the 

interview.  This potential bias could be minimized in future studies by asking the controls to recall a time 

period equal to the mean recall time period in the case population.   

Another limitation was in the recruitment of controls for the case-control study.  While the goal of the 

control recruitment was a 2:1 match of controls to cases, this did not occur in all the age groups, 

particularly among young boys (age 1-19).  This group represented 33% of all cases reported from 

outbreak cases but only 13% of the phone controls.  This difference may have led to a larger effect size 

being attributed to youth in the case-control analyses.  The case-case analyses showed youth as having 

only a slightly elevated risk.  Differences in gender may have also lead to response bias with the phone 

controls; 65% of controls were women compared to 56% of the outbreak cases.  In addition, since 

almost 58% of the outbreak cases resided in three adjoining zip codes, it may have been a better 

strategy to match based on residence of the cases.  However, based on prior studies within the health 

department, matching based on location greatly increases the amount of time and resources.  Other 

potential limitations, based on lack of resources, was that the selection of controls was based on 

landline telephones, thus excluding all people who only have a cell phone and there were no bilingual 

interviewers available for case interviews.  Ideally, interviewers would have been bilingual, however 

only 17 of the 2,017 control calls required a Spanish interviewer.   

140



  

An issue with the case-case study is the possibility that the outbreak cases reported during this time 

period may be due to a difference in severity of disease and who seeks health care.  The higher 

percentage of hospitalized outbreak cases may indicate one of two things.  Either there were indeed a 

higher number of cases during this time period resulting in a higher number of hospitalizations or the 

increase may be linked with the age of the cases.  As indicated above, the percentage of cases among 

children was higher in the outbreak cases.  One potential reason for this may be that cases among 

children may also be more likely to be reported cases because they either had a more serious form of 

the disease or the parents sought care when they might have not sought care as an adult, although this 

is unknown.  

The results from these studies reinforce the findings that cases of Campylobacter are often due to a 

variety of exposures; however, this analysis indicates that compared to historical cases, these outbreak 

cases are more likely to have exposure to untreated water and fresh eggs.  This suggests that above and 

beyond the elevated risk associated with sporadic cases of Campylobacter; those factors were more 

likely to be found in this particular outbreak and should be investigated as a potential source.  

Anecdotally, there were an increased number of cases seen in nearby counties around the same time 

due to an unknown source and it has been hypothesized that recreational water, such as area rivers and 

lakes, may have been associated. However, there were insufficient county or state resources available to 

investigate further (personal correspondence).  The increased risk associated with fresh egg 

consumption also could not be linked to a particular source.  In addition, the highly localized number of 

cases may be an indication of a small cluster that was undetectable due to our sample size, within an 

above average seasonal increase possibly linked to one of these two risk factors.  

Unlike the few reported studies where the case-case and case-control studies resulted in similar 

findings,4, 35, 36 the significant risk factors identified in the current situation differed somewhat between 

study designs.  This may have been the result of questionnaire design.  Three questions that were asked 

differently on the control interview from the case interview, and two of the three were related to egg 

consumption and untreated water exposure.  The case questionnaire asked about unpasteurized eggs 

while controls were asked if they had consumed eggs and the results showed a much higher percentage 

of controls reported eating eggs than cases.  While this may have in fact been the case, it is possible that 

the cases were confused with the terms unpasteurized eggs and did not realize that most eggs in a shell 

are unpasteurized. For exposure to untreated water, the cases were asked about exposures that took 

place in the 2 weeks prior to their illness.  For all of the cases, this exposure was during the summer 
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months.  Since the control interviews did not begin until the beginning of November, the decision was 

made to ask about exposures that occurred during the months July-September, instead of October and 

November when recreational water exposures would be lower than in the summer.  This decision 

resulted in controls reporting for a 12 week period of time, rather than the 2 weeks for the cases.  Given 

the longer exposure period, it was not surprising that the proportion of controls that reported a water 

exposure was higher than that of cases.  However, when the case-control analysis was limited to only 

exposures reported for August, the odds ratio for exposure to untreated water increased to 1.87 (95% CI 

.65-5.4).   

In an effort to better understand the possible risk factors associated with the outbreak, we used the 

results of the case-control study that found travel to be a significant risk factor to further explore the 

risk factors in the case-case study.  When the case-case study was stratified by travelers and non-

travelers, the results showed that travel history is a clear effect modifier of the relationship between 

certain risk factors and Campylobacter infection.  Exposure to untreated water and fresh egg 

consumption, in particular, was different between the two groups.  The strong association between 

travel and Campylobacter in the case-control study was consistent with previous studies.25, 26, 34, 36-38  The 

lack of an increase in odds ratio in the case-case analyses was not surprising, given rates of travel among 

cases have been reported to be as high as 20%10 to 42%.37  Surprisingly, given the high odds of travel 

associated with disease, the specific exposures related to travel have not been explored in the literature.   

Here, the case-case study was able to show that among cases, there was an increased risk of exposure 

to eggs and untreated water during the travel.  When this was further explored with the stratification by 

travel history, it is evident that travelers who have these exposures are at higher risk than non-travelers 

with these same reported exposures.  The case-case study was able to identify the likely exposures that 

were being overwhelmed by prevalence of travel among the cases in the case-control study.  This 

method could be very useful to further explore the true exposure leading to disease among travelers. 

Conclusion 

While results of this particular study are limited due to the size of the outbreak and the slightly different 

data collection methods, risk factors were identified by both studies and provided valuable information 

on risk factors associated with Campylobacter cases reported in Arizona.  More importantly, the use of 

these concurrent study methods  help identify more relevant exposures related to travel that are 

associated with an increased odds of developing disease, since travel in itself, is not a true pathogen 

exposure.  These results show that case-case studies can be used not only as an efficient precursor to a 
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case-control study, but they can provide more detailed information about the transmission of disease.  

Given the limited resources available in many state and local health departments and the logistical 

challenges with recruiting controls, new and innovative ways of comparison study designs should be 

considered and investigated.   
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Figure 1 – 2011 Laboratory Confirmed Campylobacter Cases in Pima County, AZ and previous 5 year 

running mean 

 

Note:  July Cases – Weeks 25-36 (5 in weeks 25-29); August Cases – Weeks  32-41 (1 in week 37, 1 in week 41); September 

Cases – Weeks 36-39 (2 in week 37, 2 in 38, 3 in week 39) 

 

 

 

 

 

 

0

5

10

15

20

25

30

R
e

p
o

rt
e

d
 C

as
e

s 
o

f 
C

a
m

p
yl

o
b

a
ct

er
 in

 P
im

a 
C

o
u

n
ty

 

Weeks of the Year 

2011 current 4wks

Historical Avg

1 std dev above

2 std dev above

146



  

Table 1 – Demographic Characteristics of Campylobacter Outbreak Cases, Historical Cases, and Controls 

 Outbreak Cases 
July-September 

2011 
N (%) 

Historical Cases 
July-September 2007-2010 

Mean, (N4yr) (%) 

Controls (%) 
N % 

Total 48 46.5 (186 -by year 43, 53, 42, 48) 68 

Male 21 (44%) 25.75 (103) (55%) 24 (35%) 

Female 27 (56%) 20.75 (83) (45%) 44 (65%) 

Age    

  0-11mo  1 (2%) 0.25 (1) (.5%) 0 (0%) 

  1yr-9yr  5 (10.4%) 4.5 (18) (9.7%) 2 (2.9%) 

  10yr-19yr  11 (23%) 4.5 (18) (9.7%) 7 (10.3%) 

  20-29yr  5 (10.4%) 7.75 (31) (16%) 7 (10.3%) 

  30-59yr 14 (29%) 17 (68) (37%) 29 (43%) 

  60+  12 (25%) 7.75 (31) (16%) 23 (34%) 

Hispanic^ 21 (44%) 20 (80) (43%) 19 (28%) 

Non-Hispanic 8 (8%) 15 (60) (32%) 41 (60%) 

County location    

     Zip Code 1^  9 (20%) 21(12%) 0 

     Zip Code 2***  7 (15%) 11 (6.3%) 0 

     Zip Code 3***  5 (11%) 4 (2.3%) 0 
*Responses of unknown or ‘choose not to answer’ account for missing %   

** Predominate zip codes.  All others account for remaining cases. 

***p<.05 for Fishers’ exact test for difference between both historical cases and 2011 cases. 

^ p<.05 for Fishers’ exact test for difference between 2011 cases and phone controls. 
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Table 2 – Comparison of Symptoms between Outbreak Cases and Historical Cases 

 Outbreak Cases  
July-September 

2011 
N (%) 

Annual Mean of  
Historical Cases 

July-September 2007-2010 
N (N4yr) (%) 

Total 48 46.5 (186) 

Diarrhea 44 (92%) 45 (180) (97%) 

Bloody stools 19 (40%) 18 (72) (39%) 

Nausea 30 (63%) 23 (92) (49%) 

Vomiting 18 (38%) 18 (72) (39%) 

Fever 29 (61%) 31.75 (127) (68%) 

Cramps 36 (75%) 38.5 (154) (83%) 

Chills 22 (46%) 20.75 (83) (45%) 

Headache 18 (38%) 17.5 (70) (38%) 

Muscle Aches 26 (54%) 18 (72) (39%) 

Fatigue 27 (56%) 24.5 (98) (53%) 

Hospitalized 12 (25%) 7 (28) (15%) 
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Figure 2 – Reported Campylobacter Cases from July-September for 2011 and 2007-2010  
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Table 3 – Comparison of Risk Factors for Outbreak Cases, Historical Cases, Controls 

 Outbreak 
Cases 
N=48 
N (%) 

Phone 
Controls 

N=68 
N(%) 

Annual Mean of 
Historical Cases 

N=186 
(N4yr) (%) 

Outbreak Cases vs. 
July-Sept 2007-2010 

Historic Cases 
OR (CI) [p-value] 

Outbreak Cases vs. 
Phone Controls 

OR (CI) [p-value] 

Outbreak Cases vs. 
Phone Controls 

OR (CI) [p-value] 
Adjusted for gender & 

age group 

Exposure to untreated 
water

^
  

8(17%) 15 (22%) 2.75 (11) (5.9%) 3.4 (1.26-9.3) [.016] 1.01 (.38-2.67) [.99] .77 (.27-2.15) [.62] 

Raw dairy consumption 7 (15%) 7 (10%) 6.5 (26) (14%) 1.01 (.40-2.56) [.98] 1.73 (.55-5.42) [.34] 1.79 (.56-5.78) [.33] 

Fresh Eggs* 15 (31%) 57 (83%) 7.75 (31) (17%) 2.5 (1.14-5.44) [.02] ----------- (.14 p=000) ---------(.15 p=.000) 

Runny or uncooked eggs 4 (8.3%) 11 (16%) 4.5 (18) (9.7%) .94 (.30-3.02) [.93] .62 (.18-2.14) [.45] .69 (.19-2.46) [.57] 

Attend a gathering 10 (21%) 24 (35%) 8 (32) (17%) 1.25 (.55-2.83) [.59] .62 (.26-1.48) [.28] .58 (.23-1.42) [.23] 

Poultry 25 (52%) 59 (85%) 28.8 (115) (62%) .70 (.30-1.66) [.42] .38 (.13-1.09) [.07] .37 (.13-1.09) [.07] 

Any travel  14 (29%) 7 (10%) 15 (60) (32%) .86 (.43-1.75) [.68] 4.07 (1.49-11.13) [.006] 3.34 (1.19-9.43) [.023] 

Travel to Mexico 9 (19%) 5 (8.6%) 6.5 (26) (14%) 1.43 (.62-3.33) [.40] 3.24 (1.01-10.43) [.049] 2.62 (.79-8.72) [.12] 

Travel outside of US  12 (25%) 7 (10.3%) 10.5 (42) (23%) 1.15 (.54-2.44) [.71] 3.88 (1.33-11.28) [.013] 3.2 (1.06-9.56) [.04] 

Contact - person 
w/diarrhea 

8 (17%) Not asked 8 (32) (17%) .93 (.39-2.21) [.88] --------- --------- 

Contact - ill animal  1 (2.1%) 4 (5.9%) 2.5 (10) (5.4%) .29 (.04-2.36) [.25] .37 (.04-3.48) [.39] Cannot be calculated – 0 
in multiple cells 

Youth (age 0-19) 17 (35%) 9 (13.2%) 14 (56) (30%) 1.27 (.65-2.49) [.48] 3.59 (1.44-9.0) [.006] ---------- 

Hispanic 21 (44%) 19 (28%) 20 (80) (43%) 1.58 (.69-3.59) [.28] 4.53 (1.79-11.5) [.001] 3.20 (1.14-8.95) [.027] 

*Eggs removed from analysis for case-control - question in control interview asked for eggs only and not fresh eggs 

^Exposure to untreated water includes getting face wet in river, lake or pond or drinking untreated water.   
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Table 4 – Case-Case Stratification by Travel History 

 Case-Case 
Travelers 

OR (CI) [p-value] 

Case-Case 
Non-Travelers 

OR (CI) [p-value] 

Exposure to untreated water  14.0 (3.2-61.1) [.000]* Null (0 cases w/ exposure) 

Raw dairy consumption .96 (.23-3.9) [.96] 1.34 (.33-5.5) [.68] 

Eggs 11.2 (2.0-62.8) [.006]** 1.5 (.57-3.9) [.41] 

Runny or raw eggs 2.5 (.2-31) [.48] .74 (.19-2.8) [.66] 

Attend a gathering 2.2 (.63-7.7) [.22] .86 (.26-2.8) [.8] 

Poultry .6 (.13-2.7) [.51] .75 (,26-2.1) [.6] 

Hispanic 4.58 (.5-42.3) [.18] 1.1 (.41-3.0) [.8] 

Contact w/ someone with diarrhea .93 (.39-2.2) [.88] .73 (.25-2.1) [.56] 

Contact with ill animal Null .29 (.03-2.4) [.25] 

Youth 2.33 (.7-7.6) [.16] .72 (.28-1.84) [.49] 

Hospitalized .88 (.09-8.3) [.9] 1.8 (.74-4.6) [.19] 
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APPENDIX D – HUMAN SUBJECTS APPROVAL 
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APPENDIX E:  QUESTIONNAIRES 

Case Control Study of Campylobacteriosis – Case Script (ADULT) pg 1 of 1 

Hello.  May I speak to __________________________.   

My name is _____________________ and I am with the University of Arizona’s College of Public Health 

working with the Maricopa County Department of Public Health.  There have been several cases of 

Campylobacter infections in our community.  We are conducting a study to identify the source of the 

infections so we can prevent additional illnesses.  We understand from laboratory reports that you are 

one of the people who had this illness.  I would like to ask you some questions about your illness and 

foods that you ate before becoming ill.   

The questionnaire will take about _____ minutes and will ask you information related to food and travel 

history in the last two weeks.   All of the information provided to us will remain confidential.   In 

addition, answering any or all of the questions is completely voluntary and you may withdraw or stop 

the questionnaire at any point in the interview or choose not to answer any of my questions.  There are 

no financial or other benefits gained by participation in this questionnaire and no consequences for not 

participating.   May I have your consent to begin the questionnaire? 

  Is now a good time?  Y N 

If no:  Is there a convenient time I can call you back? 

 Date to be called back: ______/_______/__________ 

 Time: ____________ (am/pm) 

 Telephone number best reached at:  (______)_______________________ 

If yes:  Thank you for agreeing to participate. 

NO – May I ask why you would not like to participate?    

YES – Thank you for agreeing to participate.  Because the time period between which a person is 

exposed to Campylobacter, usually through contaminated food, and the time in which they get sick 

ranges from 2 to 10 days we will be asking questions related to your food and travel history two weeks 

prior to becoming ill.  Given the dates of your reported illness that would be from (Day of week and 

date) to (Day of week and date).  It is often useful to have a calendar on hand to help remember events 

or meals during that time so if you have a calendar you may want to refer to it during the questionnaire.   

Do you have any questions before we begin? 
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Case Control Study of Campylobacteriosis – Case Script (MINOR) pg 1 of 1 

(If at all possible, get the mother on the phone.  You will get much more complete information than the 

father about food and illness history…sorry dads) 

Hello.  May I speak to the parent of guardian of _____________________.   

My name is _____________________ and I am with the University of Arizona’s College of Public Health 

working with the Maricopa County Department of Public Health.  There have been several cases of 

Campylobacter infections and we are conducting a study to identify the source of the infections so we 

can prevent additional illnesses.  We understand that your child ________________ is one of the people 

who had this illness.  I would like to ask you some questions about his/her illness and foods that you ate 

before becoming ill.   

The questionnaire will take about _____ minutes and will ask you information related to food and travel 

history in the last two weeks.   All of the information provided to us will remain confidential.   In 

addition, answering any or all of the questions is completely voluntary and you may withdraw or stop 

the questionnaire at any point in the interview or choose not to answer any of my questions.  There are 

no financial or other benefits gained by participation in this questionnaire and no consequences for not 

participating.   May I have your consent to begin the questionnaire? 

If no:  Is there a convenient time I can call you back? 

 Date to be called back: ______/_______/__________ 

 Time: ____________ (am/pm) 

 Telephone number best reached at:  (______)_______________________ 

NO – May I ask why you would not like to participate?    

YES – – Thank you for agreeing to participate.  In this interview we will be asking about your food and 

travel history for the past two weeks.   It is often useful to have a calendar on hand to help remember 

events or meals during that time.  Do you have one you could get?  (Give them a moment if necessary). 

Do you have any questions before we begin? 

Assent for Minor 

If the minor is between 14-17 you can ask the parent if they would rather the child answer the questions, 

specifically related to food history.  For the minor read:   

Hello _____________________.  Your (mother/father/guardian) has given me permission to speak to 

you about a recent illness you had.  Before I begin the questions I would just like to remind you that 

answering any or all of the questions is completely voluntary.  You may withdraw or stop the 

questionnaire at any point in the interview or choose not to answer any of my questions.  May I have 

your consent to begin the questionnaire?  

Y N      - If both people give answers, just make a note of it on the questionnaire. 
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Case Control Study of Campylobacteriosis – Control Script (ADULT) 

 

Hello, my name is _____________ and I am with the University of Arizona’s College of Public Health working with 

the Maricopa County Department of Public Health.   I am calling because there have been several cases of 

Campylobacter in our community and we are conducting a study to identify the source of the infections so we can 

prevent additional cases within our state.  Campylobacter causes foodborne illnesses with symptoms of diarrhea, 

abdominal pain and fever.  There are about 900 cases reported in Arizona every year and many more that are 

never reported. 

Our goal is to find out some information about food and travel history of individuals who did not have a 

Campylobacter infection, so we can compare it to information from people who did get sick.   

Right now we are trying to find information on people in certain age groups.  Can you tell me if anyone in your 

household is a ____ (Say male or female depending on the case) who lives in your home between the ages of ____ 

and ____? (Say  0-11mos,  1-9 years, 10-19 years, 20-29 years, 30-59 years or 60 years and older depending on the 

age of the case you are trying to get a control for) with whom I could speak? 

 If no control in household: Thank you for your time, but we are looking for a ____ (male/female) in that 

specific age range. 

 If yes: How many _____ (males/females) in your home fall within this age range? 

If 1 person only: Is that person available now to answer some questions    about what they eat and 

how they handle food? 

 If not available: Is there a more convenient time I can call back? 

 Date: ____/____/____; Time: ________ (AM/PM); Phone: __________ 

If more than 1 person: We would like to ask the person closest in age to ___ (use the age of the case) 

a few questions about what they eat and how they handle food. Is that person available? 

     If not available: Is there a more convenient time I can call back? 

 Date: ____/____/____; Time: ________ (AM/PM); Phone: __________       

- If the person answering the phone is the control then continue with the script.  

- If a different person is the control review the reason for the study with them. 

The questionnaire will take about ____ minutes and will ask you information related to food and travel history in 

the last two weeks.  All of the information provided to us will remain confidential, limited only to study 

investigators and all information will be reported in summary form with no personal indentifying information. In 

addition, answering any or all of the questions is completely voluntary and you may withdraw or stop and 

questionnaire at any point in the interview or choose not to answer a question.  There are no financial or other 

benefits gained by participation in this questionnaire and no consequences for not participating.  May I have your 

permission or consent to begin the questionnaire at this time?   
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Yes    No 

 

If no:  Is there a convenient time I can call you back? 

 Date to be called back: ______/_______/__________ 

 Time: ____________ (am/pm) 

 Telephone number best reached at:  (______)_______________________ 

 

NO – I do not wish to participate.  May I ask why you would not like to participate?      (Write 

reason on questionnaire) 

If YES – Thank you for agreeing to participate.  We will be asking questions related to your food and travel history 

for the past two weeks.  It is often useful to have a calendar on hand to help remember events or meals during 

that time so if you have a calendar you may want to refer to it during the questionnaire.  Do you have one you 

could get?  (Give them a moment to get one if necessary). 

Do you have any questions before we begin? 

Great! Before we begin the questionnaire I just want to confirm some information: 

1) Are you currently a resident of _________ County (depending on case residence) 

 Yes => Continue to next question    No => Not eligible - thank them for their time) 

2) Have you been diagnosed with a Campylobacter infection in the past 30 days? 

             Yes => Not eligible – thank them for their time   No => Continue to next question 

3) Have you experienced an illness with diarrhea (>3 loose stools in a 24-hour period) OR abdominal pain with a 

fever in the past 30 days? 

             Yes => Not eligible – thank them for their time   No => Continue to questionnaire 

To be read at the end of the questionnaire: 

I have some information about your rights as a participant in a study.  Would you like to hear more?   

Y      N 

For questions about your rights as a research subject; or if you have questions, complaints, or concerns about the 

research and cannot reach the Principal Investigator or want to talk to someone other than the Investigator, you 

may call the University of Arizona Human Subjects Protection Program office. 

 Local phone number: (520) 626-6721 
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Case Control Study of Campylobacteriosis – Control Script (MINOR) 

(If at all possible, get the mother on the phone.  You will get much more complete information than the father 

about food and illness history…sorry dads) 

Hello, my name is _____________ and I am with the University of Arizona’s College of Public Health working with 

the Maricopa County Department of Public Health.  I am calling because there have been several cases of 

Campylobacter in our community and we are conducting a study to identify the source of the infections so we can 

prevent additional cases within our state.  Campylobacter causes foodborne illnesses with symptoms of diarrhea, 

abdominal pain and fever.  There are about 900 cases reported in Arizona every year and many more that are 

never reported. 

Our goal is to find out some information about food and travel history of individuals who did not have a 

Campylobacter infection, so we can compare it to information from people who did get sick.   

Right now we are trying to find information on people in certain age groups. Can you please tell me if anyone in 

your household is a____ (Say male or female depending on the case) who lives in your home between the ages of 

____and ____? (Say 0-11mos, 1-9 years,10-19 years depending on the age of the case you are trying to get a 

control for)?  

           If no control in household: Thank you for your time, but we are looking for a ____       (male/female) in that 

specific age range. 

 If yes: How many _____ (males/females) in your home fall within this age range? 

- If 1 child only: Are you the mother of the child or is the mother of that child available now to answer 

some questions about what they eat and how they handle food? (If eligible child is between 14 and 

17 years you can ask the parent if they would rather the child answer the questions, specifically 

related to food history.  If both people give answers, just make a note of it on the questionnaire.) 

 If not available: Is there a more convenient time I can call back? 

 Date: ____/____/____; Time: ________ (AM/PM); Phone: __________ 

If more than 1 child: We are most interested in getting the information on the child closest in age to 

___ (use the age of the case). Is the mother of that child available? 

     If not available: Is there a more convenient time I can call back? 

 Date: ____/____/____; Time: ________ (AM/PM); Phone: __________       

(If the person answering the phone is the person who is eligible (i.e., parent or guardian of the control), continue on 

with the script. If the person on the phone gives the phone to someone who fits the description, then review the 

purpose of the study with them before continuing) 

The questionnaire will take about ____ minutes and will ask you information related to food and travel history in 

the last two weeks.  All of the information provided to us will remain confidential. In addition, answering any or all 

of the questions is completely voluntary and you may withdraw or stop and questionnaire at any point in the 

interview or choose not to answer a question.  There are no financial or other benefits gained by participation in 

this questionnaire and no consequences for not participating.  May I have your permission or consent to begin the 

questionnaire at this time?   Yes     No 
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If no:  Is there a convenient time I can call you back? 

 Date to be called back: ______/_______/__________ 

 Time: ____________ (am/pm) 

 Telephone number best reached at:  (______)_______________________ 

NO – I do not wish to participate.  May I ask why you would not like to participate?   (Write reason on 

questionnaire) 

If YES – Thank you for agreeing to participate.  In this interview we will be asking questions related to your food 

and travel history for the past two weeks.  It is often useful to have a calendar on hand to help remember events 

or meals during that time so if you have a calendar you may want to refer to it during the questionnaire.  Do you 

have one you could get?  (Give them a moment to get one if necessary). 

If the parent/guardian gives consent for the child between 14 and 17 to answer the questions then read: 

Hi_________. Your (mother/father/guardian) has given me permission to speak to you about your food and travel 

history for the last two weeks. Before I begin the questions I want to let you know that answering any or all of the 

questions is completely voluntary. You may withdraw or stop the questionnaire at any point in the interview or 

choose not to answer a question. May I have your consent to begin the questionnaire?   Yes     No 

Do you have any questions before we begin? 

Great! Before we begin the questionnaire I just want to confirm some information: 

1) Are you (your child) currently a resident of _________ County (depending on case residence) 

 Yes => Continue to next question    No => Not eligible - thank them for their time 

2) Have you (your child) been diagnosed with a Campylobacter infection in the past 30 days? 

             Yes => Not eligible – thank them for their time   No => Continue to next question 

3) Have you (your child) experienced an illness with diarrhea (>3 loose stools in a 24-hour period) OR abdominal 

pain with a fever in the past 30 days? 

             Yes => Not eligible – thank them for their time   No => Continue to questionnaire 

To be read at the end of the questionnaire: 

I have some information about your rights as a participant in a study.  Would you like to hear more?     

Y      N 

For questions about your rights as a research subject; or if you have questions, complaints, or concerns 

about the research and cannot reach the Principal Investigator or want to talk to someone other than 

the Investigator, you may call the University of Arizona Human Subjects Protection Program office. 

 Local phone number: (520) 626-6721 
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