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ABSTRACT 

 

 

 

A SYSTEMATIC REVIEW, META-ANALYSIS AND META-REGRESSION OF THE 

PROPORTION OF CAMPYLOBACTER, NON-TYPHOIDAL SALMONELLA AND E. 

COLI O157 CASES THAT DEVELOP CHRONIC SEQUELAE 

 

 

 

Jessica Keithlin        Advisor: 

University of Guelph, 2012       Dr. Jan Sargeant 

 

 

 

Understanding of chronic sequelae development after infection with foodborne pathogens 

is limited and an increased understanding could assist with the development of more accurate 

burden of disease estimates. The purpose of this thesis was to determine via systematic review 

and meta-analysis of the published international literature, the proportion of cases of Salmonella, 

Campylobacter and E. coli O157 that will develop the chronic sequelae of reactive arthritis, 

haemolytic uraemic syndrome, irritable bowel syndrome, inflammatory bowel disease or 

Guillain Barré syndrome. This information can be used to increase our understanding of the 

relationship between infection and the development of long term health complications while 

providing a key piece of information for the development of accurate burden of disease 

estimates.  
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CHAPTER ONE 

Introduction, Background and Thesis Objectives 

INTRODUCTION 

Why should we be concerned about gastrointestinal illness? 

The impact of gastrointestinal illness is an important public health issue. Acute 

gastrointestinal illness (GI) is estimated to kill over two million people a year worldwide [1]. 

Pathogens leading to acute gastrointestinal symptoms are acquired through a variety of means 

such as contaminated water and food, animal contact and direct person to person transmission [2-

4]. Foodborne illness is an important public health issue in both underserviced and developed 

nations. Although incidence rates based on national surveillance vary between nations [5-8], 

Salmonella, Campylobacter and E. coli infections have important public health implications. 

Under-reporting and under-diagnosis are estimated to be high for foodborne disease, resulting in 

many more community cases that are not captured in national surveillance [9]. After accounting 

for under-reporting and under-diagnosis, there are an estimated 48 million episodes of foodborne 

illness yearly in the United States alone [8, 10]. 

Although understanding the frequency and severity of illness is important, basic measures 

of disease frequency such as incidence and prevalence fail to capture the full burden of these 

diseases in the population. Understanding the secondary consequences associated with foodborne 

disease, such as health care costs, productivity losses and their impact on society and health 

systems is an important component of disease burden that is difficult to quantify and is often 

excluded. In addition, the impact of long term health effects associated with exposure to these 

pathogens will also contribute to disease burden. The term ‘chronic sequela’ applies to long term 
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health effects associated with acute illness. An important consideration is that they can be long 

term or recurring, and can take time to develop and for sequelae such as inflammatory bowel 

disease, irritable bowel syndrome and reactive arthritis, symptomology can vary by patient which 

contributes to difficulties with capturing, measuring and defining them. Research from Canada, 

the United States and Europe has linked infection with pathogenic E. coli, Salmonella and 

Campylobacter to the development of diseases such as reactive arthritis (ReA), irritable bowel 

syndrome (IBS), inflammatory bowel disease (IBD) and haemolytic uraemic syndrome (HUS) 

[11-15]. Although an understanding of these associations is present within the medical and 

public health community, true comprehension of the extent of this relationship, frequency and 

risk factors is still unclear.  

BACKGROUND 

Estimates of Disease Burden 

Why are burden of disease estimates important?  

 An emphasis on evidence informed decision making has moved to the forefront in many 

health related fields and throughout many levels of government.  Accurate burden of disease 

(BOD) estimates can be used to inform policy, determine more accurate economic and health 

care costs, assist with disease prioritization efforts, identify knowledge gaps and assist in 

identifying high risk groups. 

How is disease burden measured? 

  Approaches to measuring disease burden vary depending on the country, organization, 

purpose and outcomes of interest. Generally however, BOD estimates attempt to go beyond 

simple measures of disease frequency and incorporate some measures of mortality, disability or 
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morbidity, and costs (for example personal costs (decreased quality of life), organizational costs 

(productivity), and health system costs (economic costs)). 

The World Health Organization introduced the Global Burden of Disease project in the 

1990’s with updates occurring in 2002 and most recently in 2004 [16].  The goal of the project 

was to provide a method to generate a consistent and comparative measure of disease burden that 

could be used across countries to assess the amount of premature death, loss of health and 

disability attributed to different diseases and injuries in different populations. From this initiative 

came the introduction of the Disability Adjusted Life Year (DALY), this expanded the definition 

of disease burden beyond incidence and mortality to incorporate the effects of additional related 

morbidities. The DALY is equal to the years of life lost due to premature mortality plus the years 

lost due to disability, and is calculated with the following equation [16]: 

DALY = YLL + YLD = one year of healthy life lost 

Where YLL = years of life lost due to premature mortality in population 

YLL = N x L  

 N = number of deaths for a given cause, age and sex 

L = standard life expectancy at age of death in years 

Where YLD = years lost due to disability 

 YLD = I x DW x L 

 I = number of incident cases of illness 

 DW = disability weight for a specific condition or health state 

L = average duration of the case until remission or death (years)  
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With the incorporation of disability/morbidity, a disease that results in mortality may rank lower 

(be associated with less disability adjusted life years) than a disease that results in a decreased 

health state for a period of time. 

 Many other approaches to measuring disease burden exist. Criticism of the DALYs 

approach has focused on the technique used to calculate disability weights, which values the 

lives of healthy individuals over those living with a disability [17]. In an effort to address some 

of the limitations of the DALY, Health Canada used the Health Adjusted Life Year (HALYs) for 

their Population Health Impact of Disease in Canada project. The HALY is similar to the DALY 

but uses a different methodology for developing disability weights, which are called severity 

weights in the HALY. The HALY is calculated using the following equation [17]. 

HALY = YLL + YERF 

YLL = years of potential life lost due to premature mortality 

  YLL = N x L 

  N = number of deaths due to a cause for a given age and sex 

 L = number of years of life lost due to premature mortality for the age and sex 

stratum 

YERF = years of healthy life lost due to reduced functioning as a result of a disease or 

condition 

  YERF = I x D x SW 

  I = incident cases by cause, health state, age and sex 

  D = average duration of health state 

SW = severity weight associated with health state 

Another measure of disease burden, which is less common from a public health approach and 

more common when considering treatment effects, is the Quality Adjusted Life Year (QALY). 

The QALY was a technique developed by health economists to asses cost effectiveness of 
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various treatments [18]. It is important to note from a terminology perspective that the term 

“HALY” is also used as an over-arching terminology for all three common disease burden 

measures (HALY, DALY, QALY). 

The use of specific measures of disease burden varies depending on the organization and 

purpose of the project. One thing that remains consistent regardless of the measure being used is 

that incorporating morbidity associated with infection into disease burden presents a more 

accurate picture of the costs and impacts associated with a disease. For a true perspective on 

disease burden however, accurate measures of the components that make up morbidity must be 

available in order to estimate their impact. These impacts include long term chronic health 

complications, or chronic sequelae, that develop after diagnosis with the primary disease or 

infection. There is an international effort to estimate the burden of foodborne disease [5, 7, 8, 13, 

19, 20, 21] however the current understanding of the association between infection and chronic 

sequelae development is limited.  

Pathogens 

Campylobacter and Salmonella are two of the most common foodborne pathogens 

worldwide and have been linked with acute disease, mortality and long term health 

complications [7, 8, 19]. E. coli O157 is less common however infection has been linked to 

several large scale outbreaks worldwide [22-25] and is associated with higher mortality and 

severe health complications such as renal failure, especially in children [26]. Although overall 

case numbers for laboratory confirmed E. coli O157 tend to be lower in comparison to other 

foodborne pathogens such as Salmonella and Campylobacter, infection is associated with high 

overall disease burden [5, 7]. For example in a 2009 report on the burden of foodborne disease in 
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the Netherlands,  E. coli O157 was associated with 143 DALYs per 1000 cases of illness, versus 

Salmonella at 49 DALYs and Campylobacter at 41 DALYs per 1000 cases of illness [7].  

E. coli O157 

The O157 serotype of E. coli is one of the Verocytotoxin-producing Escherichia coli (VTEC) 

strains and is of particular concern as it is associated with severe symptoms. Disease surveillance 

in the United States estimates 3,704 laboratory confirmed cases of E. coli O157 annually. After 

accounting for under-reporting and under-diagnosis, this estimate rises to 63,153 (90% CI 17,587 

– 149,631) cases of foodborne illness a year resulting in 2138 (90% CI 549-4614) 

hospitalizations and 20 (90% CI 0 - 113) deaths annually [8]. In Canada, in 2008 incidence 

estimates for laboratory confirmed cases of VTEC were estimated at 2.3 cases per 100 000 

population per year [6]. Accounting for under-reporting and under-diagnosis, this estimate 

increases to 10-47 cases per laboratory confirmed case of VTEC [20]. 

Exposure and Sources of Illness  

The major sources of infection for VTEC such as E. coli O157 are through contaminated 

food or water, direct animal contact or person-to person transmission [27]. Cattle are considered 

an important reservoir for VTEC and contaminated food products (such as undercooked beef or 

unpasteurized milk) have been the source of multiple human outbreaks.  

Illness in Humans 

Acute health effects associated with E. coli O157 consist of those typical to 

gastrointestinal illness, such as diarrhea (sometimes bloody), vomiting, and severe abdominal 

pain. These symptoms can progress to more severe haemorrhagic colitis or HUS [26]. Treatment 
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is through the management of symptoms and most patients with uncomplicated infection recover 

fully [27]. 

Detection 

 Laboratory diagnosis in humans can be conducted with polymerase chain reaction (PCR), 

stool culture or serology. Due to different characteristics, such as virulence between E. coli 

strains, genotyping and subtyping of strains is performed through pulsed-field gel 

electrophoresis, phage-typing and MLVA [27]. 

Campylobacter 

Globally Campylobacter causes acute gastrointestinal illness (AGI) in millions of people 

each year. In the United States there are a reported 43,698 cases of laboratory confirmed 

Campylobacter spp. annually with estimates of 845,024 (90% CI 337,031 – 1,611,083) cases 

yearly after adjusting for under-reporting and under-diagnosis [8]. In Canada, annual incidence 

rates of laboratory-confirmed illness are estimated at 28.4 cases of campylobacteriosis per 100 

000 [6], with actual case counts estimated to be 20-50 times greater than which is laboratory 

confirmed [20]. As of 2008, Campylobacter was the most frequent enteric bacterial illness in 

Germany [5] and in recent estimates of the burden of foodborne disease from the Netherlands, 

Campylobacter had the highest incidence for non-toxin producing bacteria at 92/1000 annually 

(2.5 and 97.5 percentile 13-251 cases per 1000 annually) [7].  

Exposure and Sources of Illness  

The most common species of Campylobacter associated with human illness are 

Campylobacter jejuni and Campylobacter coli [28]. Campylobacter bacteria are naturally present 

in the digestive tracts of animals such as swine and poultry [29, 30], which presents the 
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opportunity for the bacteria to enter the food system. Improper food handling procedures lead to 

an increased risk of infection.  In addition to foodborne infections, Campylobacter illness has 

been linked to contaminated water, direct animal contact, person to person transmission and 

consuming contaminated food or water when travelling [2]. 

Human Illness 

Those infected with Campylobacter bacteria can suffer from campylobacteriosis, with 

symptoms ranging from asymptomatic to severe abdominal pain, bloody diarrhea, vomiting, and 

fever. Complications associated with acute infection such as bacteraemia, hepatitis, and 

pancreatitis have been reported. Guillain-Barré syndrome (GBS), ReA or Reiter’s syndrome 

(RS), IBS and IBD have been reported as potential long term health effects, or chronic sequelae, 

associated with infection [14, 26, 31]. 

Detection 

 Detection can be performed using stool culture or serology and polymerase chain reaction 

(PCR) which is also used for genotyping [32]. 

Salmonella 

 Salmonella are gram-negative bacteria, which consist of two species, Salmonella enterica 

and Salmonella bongori. There are over 2500 identified Salmonella serotypes and while the 

majority are able to cause disease in humans, the most common sources of infection in humans 

are Salmonella enteritidis and Salmonella typhimurium [33]. This thesis will focus on non-

typhoidal strains of Salmonella as typhoid related illness are associated with a different set of 

symptoms and exposures and infection is not common in developed nations.  The emergence of 
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antimicrobial resistant Salmonella strains is a growing public health concern as they are linked to 

increasing occurrence and severity of infection as well as an increase in treatment failures [34]. 

It is estimated that there are 93.8 million cases of non-typhoidal salmonellosis worldwide 

which results in approximately 155,000 deaths per year [19]. In Canada in 2008, the annual 

incidence of laboratory confirmed Salmonella was reported at 18.2 cases per 100,000 population 

[6]. Adjusting for under-reporting and under-diagnosis estimates an additional 13 to 37 

community cases of salmonellosis per laboratory confirmed case [20]. In the United States, non-

typhoidal salmonellosis is associated with 41,930 laboratory confirmed cases annually with an 

estimated 1,027,561 (90% CI 644,786-1,679,667) cases annually after adjusting for under-

reporting and under-diagnosis [8].  

Exposure and Sources of Illness  

Common sources of infection include contaminated food, such as meat, eggs and produce 

[3, 4] and via the fecal-oral route after contact with infected pets or other animals [33]. The 

bacteria are normally found in the intestinal tracts of birds, swine and cattle [4, 33]. The majority 

of cases of salmonellosis are foodborne in origin, with estimates as high as 85% of global non-

typhoidal-Salmonella cases attributed to foodborne exposure [19]. 

Illness in Humans 

Symptoms associated with acute salmonellosis include non-bloody diarrhea, fever, 

headache and abdominal pain although some cases are asymptomatic. Severe diarrhea can lead to 

hospitalization or death. Salmonellosis is associated with complications such as abscesses, 

appendicitis, pancreatitis and bacteraemia (which can lead to meningitis or pneumonia) [35]. 
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Infection also has been implicated in the development of long term health consequences, or 

chronic sequelae, such as ReA, RS [36] and IBS [37].  

Diagnosis 

 Salmonella can be detected from stool, urine, blood and bone marrow cultures and 

through PCR [35]. Sero-typing is done using pulse-field gel electrophoresis (PFGE) and multiple 

loci sequencing typing (MLST). 

Chronic Sequelae 

 

Haemolytic Uraemic Syndrome (HUS) 

Haemolytic uraemic syndrome can be caused when toxins produced by VTEC enter the 

bloodstream and destroy red blood cells (RBC). These damaged RBC enter the filtering system 

of the kidneys and cause blockages which can lead to decreased functioning, and in severe cases, 

kidney failure. Diagnosis of HUS is based on the presence of the following three syndromes, 

microangiopathic haemolytic anaemia, thrombocytopenia, and acute renal failure [38]. Other 

signs and symptoms include physical (pale, swollen limbs, decreased urine output or blood in 

urine) and behavioral changes (tired, irritable) or unexplained bleeding and bruising. Treatment 

is aimed at managing symptoms and preventing further complications and in severe cases may 

require dialysis.  Haemolytic uraemic syndrome is the leading cause of acute renal failure in 

children and it has been estimated that up to 99% of cases are due to exposure to shiga-toxin 

producing E. coli such as E. coli O157 [12, 26]. 
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Guillain Barré Syndrome (GBS) 

Guillain Barré syndrome is characterized by muscle weakness and temporary paralysis 

due to nerve damage caused by a person’s immune system. First described in 1916 it is now 

associated with 15 different subtypes (acute inflammatory demyelinating 

polyradiculoneuropathy, acute motor and sensory axonal neuropathy, acute motor axonal 

neuropathy, acute sensory neuronopathy, acute pandysautonomia, Miller Fisher’s syndrome 

(MFS) (aka Fisher’s syndrome), oropharyngeal and overlapping GBS/MFS) [39]. 

Diagnosis is symptom based, which can lead to under or misdiagnosis depending on physician 

experience.  Typical symptoms consist of acute neuropathy reaching a peak within 4 weeks, 

weakness, hyporeflexia or areflexia, and raised protein concentrations in the cerebral spinal fluid. 

Treatment is symptom based and requires a multidisciplinary team for treatment and 

rehabilitation as diagnosis of symptoms and treatment range across specialties [39]. In most 

cases symptoms are temporary. However, permanent nerve damage or even death due to 

breathing difficulties is possible as respiratory failure occurs in 25% of patients [39]. Mortality 

due to GBS infection is estimated at four to 15 percent with 15 to 20 percent of cases developing 

severe permanent neurological defects [39, 40]. Guillain Barré syndrome is more common in 

men and severity of illness increases with age. The exact cause of GBS is still unclear; infection 

and vaccination have been linked to its development [39]. 

Irritable Bowel Syndrome (IBS) 

 Irritable bowel syndrome is characterized by abdominal pain, bloating and abnormal 

bowel function. However, symptoms vary greatly between patients and IBS is not associated 

with a specific biochemical or structural pathology [41-43]. The exact cause of IBS is unknown, 

however it is hypothesized that it is caused by alterations in gastrointestinal sensitivity, motility 
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and secretion. These alterations are linked to abnormal nerve function, inflammation and 

alterations in the gut flora [41]. Irritable bowel syndrome also has been linked to psychological 

problems [43]. Symptoms tend to change over time and alternate within the same patient 

contributing to difficulties with diagnosis.  Irritable bowel syndrome is the most common 

gastroenterological disorder in developed countries and is linked to a significantly decreased 

quality of life [43]. It is estimated that up to 10% of cases develop after acute gastrointestinal 

infection [44]. 

 Diagnosis is based on ROME criteria which were developed as a system to classify 

gastrointestinal disorders where symptoms are not explained by defects in structure or tissue 

[45]. The criteria have been updated as understanding of these disorders changes with the most 

recent version, ROME III criteria, released in 2006. Medical diagnostic codes used by 

physicians, such as the International Classification of Diseases (ICD) codes also provide 

guidelines for IBS diagnosis. Although updated ICD-10 codes were released in 2010, the 

majority of publications identified in this review used ICD-09 codes which define IBS as [46]: 

 A chronic non-inflammatory disease characterized by abdominal pain, altered bowel 

habits consisting of diarrhea or constipation or both, and no detectable pathologic change; 

a variant form is characterized by painless diarrhea; it is a common disorder with a 

psychophysiological basis; also called spastic or irritable colon. 

 Due to the large variation in pathogenesis, treatment is based on management and relief of 

symptoms using a variety of approaches such as dietary changes, drugs, psychotherapy and 

probiotics [43]. 
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Inflammatory Bowel Disease (IBD) 

Inflammatory bowel disease is a term that encompasses two separate diseases, Crohn’s 

disease (Crohn’s) and ulcerative colitis (UC) which have closely related pathologies but are 

considered independent entities [47].  In developed nations, the incidence of irritable bowel 

disease has been on the rise since the 1970’s although differences in health systems and reporting 

systems between countries make comparisons difficult [48]. An important distinction is that 

inflammatory bowel disease is a separate diagnosis from irritable bowel syndrome. As 

mentioned previously, irritable bowel syndrome has no distinct pathogenesis and diagnosis is 

symptom based. Inflammatory bowel disease shares some symptoms and there is evidence that 

some IBD sufferers also suffered from IBS [41], however they are two distinct diseases and IBD 

is diagnosed through a variety of approaches discussed below. Maintaining this distinction is 

important for BOD estimates as diagnosis, treatment and prognosis can vary between the two 

diseases/syndromes and may require different resources. 

Inflammatory bowel disease is characterized by chronic diarrhea that is sometimes 

bloody, abdominal pain, and weight loss. Crohn’s disease can be accompanied by intestinal or 

mouth ulcers, intestinal abscess, intestinal fistula, arthritis, skin problems, fever, and fatigue [48]. 

Diagnosis is difficult and based on symptoms which are non-distinct, however colonoscopy and 

genetic markers are used by physicians to aid with diagnosis [49]. Race, geography, sex, genetics 

and lifestyle choices such as diet and smoking have been linked with development of IBD. In 

addition, development has been linked with infection however the relationship is still not well 

understood [47].  Treatment of IBD is through management of symptoms and flare ups are 

treated through oral and rectal administration of drugs [49]. 
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Reactive Arthritis 

Reactive arthritis is characterized by sterile joint inflammation after infection and is 

considered part of the spondyloarthropathies group of diseases [15]. There is no universally 

accepted etiology, but ReA is associated with the development of acute oligo-articular arthritis of 

larger joints within four weeks of infection. Symptoms vary from mild arthritis in a single or 

multiple joints to a severely disabling poly-arthritis and also have been reported to affect skin 

and mucous membranes, gastrointestinal, ocular and cardiac systems. A closely related subtype 

of ReA is Reiter’s syndrome, which is characterized by arthritis in combination with 

conjunctivitis, and urethritis. Incomplete Reiter’s (arthritis in combination with one other 

symptom) is also reported and terms tend to be used interchangeably within the literature [15, 

36]. 

Diagnosis of ReA is mainly based on symptoms.  However, studies have linked the 

presence of the human leukocyte antigen HLA-B27 with more severe and chronic disease versus 

HLA-B27 negative individuals [15]. Treatment involves addressing the triggering infection, 

which for most GI infections are self-limited and do not require anti-microbial treatment, 

followed by treatment of acute symptoms of arthritis using non-steroidal anti-inflammatory 

drugs (NSAIDs).  Due to the lack of distinct diagnostic criteria and inter-changeable use of 

terminology, developing accurate estimates for incidence and prevalence of ReA is challenging 

[36]. Development has been linked to infection with a variety of pathogens, such as 

Campylobacter, Salmonella and E. coli and the list of possible connections is growing [50, 51]. 

Background on Systematic Review and Meta-analysis 

 Systematic reviews are an established way to identify and asses the body of literature 

associated with a subject area in a transparent, reproducible manner. The information compiled 
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can thereby inform policy or health care decisions, and direct areas for further research.  

According to the Cochrane Collaboration “A systematic review attempts to collate all empirical 

evidence that fits pre-specified eligibility criteria to answer a specific research question. It uses 

explicit, systematic methods that are selected to minimize bias, thus providing reliable findings 

from which conclusions can be drawn and decisions made” [52]. 

Reporting requirements, such as the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA), have been outlined in an attempt to ensure consistency in 

approach and reporting of systematic reviews and meta-analyses [53]. According to these 

guidelines the key characteristics of a systematic review are as follows: 

1.  A clearly stated set of objectives with an explicit, reproducible methodology. 

2.  A systematic search that attempts to identify all studies that would meet the eligibility 

criteria. 

3.  An assessment of the validity of the findings of the included studies, for example 

through the assessment of risk of bias. 

4.  Systematic presentation, and synthesis, of the characteristics and findings of the 

included studies. 

The systematic approach adds confidence in the results reported by helping to ensure all 

pertinent research on a topic is located and synthesized [52, 53]. Transparency in approach 

allows for proper interpretation of results, analysis of potential bias and duplication of results for 

confirmation of accuracy of findings. General literature reviews which do not take a systematic 

approach or systematic reviews which do not report the details of their methodology in a 

transparent manner are not able to be scrutinized in the same way and therefore are more open to 
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criticism and questions surrounding the validity and comprehensiveness of the reported results 

[53]. 

Rates, ratios or proportions reported for the outcomes of interest can vary across studies 

making interpretation difficult if the reported responses range greatly. Meta-analysis is the 

formal statistical pooling of data from multiple studies and can be used to develop a more precise 

estimate for the outcome being considered [54].  This is done by combing results using a 

weighted average which is calculated differently based on whether a random or fixed effect 

analysis is being performed. A fixed effect model is most appropriate when it is reasonable to 

assume that there is one true effect size while a random effects model is more appropriate when 

it is reasonable to assume that the effect size should vary across studies, such as when 

differences are expected between populations (e.g. adults versus children).  The fixed effect 

approach tends to put more weight on large studies to minimize within study error. Since the true 

effect should be the same across studies emphasizing the larger studies should minimize the 

effects of error since study error decreases as population size increases. In contrast, random 

effect models expect a distribution of effect sizes across studies and aim for more balanced 

weighting between larger and smaller studies. In addition, they are subject to two sources of 

error, the within study error and between study error. 

The term heterogeneity, when used in relation to meta-analysis, refers to the measure of 

consistency in effect sizes across studies [55]. The test for heterogeneity uses the null hypothesis 

that all studies are evaluating the same effect. The more homogeneous the effect sizes are, the 

more confidence in the findings. Historically, Cochran’s Q was used to assess heterogeneity but 

is associated with inaccurate results as it is highly dependent on the number of studies being 

considered [55]. More recently the I
2
 value has been proposed as a better measure of 
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heterogeneity [56]. I
2
 measures the degree of inconsistency in the results between studies and 

presents the percent of total variation that is due to heterogeneity across studies rather than 

chance. Values closer to 100% indicate heterogeneity is due to actual differences between the 

studies and those closer to 0% indicate heterogeneity is due to chance [56]. As a general rule, an 

I
2 

 value of less than 25% would be considered low heterogeneity versus a value of greater than 

75% which is considered high [55]. When a study reports a high amount of heterogeneity, it 

suggests that there are variables within the studies that are influencing the outcome. Meta-

regression allows for the exploration of factors that influence heterogeneity and this exploration 

assists with the interpretation of these estimates [56]. 

 Meta-analysis was primarily developed to compile results from intervention studies, such 

as treatment effects, but its use has expanded into other avenues. Meta-analysis has been used for 

food and feed safety risk assessments [57] and estimating health risks [37, 58], and although not 

as common, for proportion or prevalence estimates [12, 59-61]. 
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THESIS OBJECTIVES 

Foodborne disease has important public health implications due to its high worldwide 

incidence and associated mortality and morbidity. Understanding the true burden of disease 

associated with infection could assist with resource allocation and the development of effective 

public health interventions. Of the pathogens linked to the development of foodborne illness, 

Campylobacter, non-typhoidal Salmonella and E. coli O157 are of particular concern in 

developed nations due to the high incidence and severity of complications associated with 

infection. As a stepping stone towards more accurate burden of disease estimates, the purpose of  

this research was to estimate, based on published international literature, the proportion of cases 

of Salmonella, Campylobacter and E. coli O157 that develop the chronic sequelae of ReA, RS, 

IBS, IBD (including Crohn’s and UC), GBS (including MFS) and HUS.  
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CHAPTER TWO 

Systematic review and meta-analysis of the proportion of E. coli O157 cases that 

develop chronic sequelae 

ABSTRACT 

Context:  Understanding of chronic sequelae development after E. coli O157 infection is limited. 

Objective:  To determine via systematic review and meta-analysis of the published international 

literature the proportion of E. coli O157 cases that develop chronic sequelae. Data Sources: A 

systematic review of English articles published prior to July 2011 using Pubmed, Agricola, 

CabDirect, and Food Safety and Technology Abstracts. Study Selection: Observational studies 

reporting the number of E. coli O157 cases that developed reactive arthritis (ReA), haemolytic 

uraemic syndrome (HUS), irritable bowel syndrome (IBS), inflammatory bowel disease (IBD) or 

Guillain Barré syndrome (GBS). Methods:  Independent extraction of articles was conducted by 

4 reviewers (2 per article) using predefined data fields. Meta-analysis was performed using a 

random effects model and heterogeneity was assessed using the I
2 

value. Meta-regression was 

used to explore the influence of study level variables on heterogeneity. Results: A total of 82 

studies were identified; 81 reported on HUS and one reported on ReA. The proportion of cases 

of E. coli O157 that developed HUS was estimated at 13.1% (I
2
 = 86.4%). Heterogeneity was 

significantly associated with group size (p < 0.0001) however the majority of heterogeneity was 

unexplained. Conclusions: Depending on the number of cases of E. coli O157 being considered 

the estimate for the proportion of E. coli O157 cases that develop HUS ranged from 17.2% in 

extra-small studies (< 50 cases) to 4.2% in extra-large studies (> 1000 cases). High unexplained 

heterogeneity indicated that the study level factors examined had a minimal influence on the 

variation of estimates reported and there is an opportunity for further research. 
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INTRODUCTION 

Escherichia coli O157 (E. coli O157) have been linked to severe disease and death in 

humans, including numerous food and waterborne outbreaks worldwide [1-3]. E. coli O157 is 

associated with acute disease and symptoms which can include bloody diarrhea, vomiting, and 

severe abdominal pain which can progress to more severe haemorrhagic colitis or haemolytic 

uraemic syndrome (HUS) [4]. In addition to HUS, chronic sequelae such as reactive arthritis 

(ReA), irritable bowel syndrome (IBS), and inflammatory bowel disease (IBD) and Guillain 

Barré syndrome (GBS) have potential links to infection by foodborne pathogens such as E. coli 

O157 [5]. 

The O157 serotype of E. coli is part of the Verocytotoxin-producing Escherichia coli 

(VTEC) strain and is of particular concern as it is associated with severe symptoms such as HUS. 

Haemolytic uraemic syndrome is the leading cause of acute renal failure in children and it has 

been estimated that up to 99% of cases are due to exposure to Shiga-toxin producing E. coli such 

as E. coli O157 [2, 6]. In the United States, after accounting for under-reporting and under-

diagnosis, infection with E. coli O157 is estimated at  63,153 (90% CI: 17,587 – 149,631) cases 

yearly resulting in 2138 (90% CI: 549-4614) hospitalizations and 20 (90% CI: 0-113) deaths 

annually [7]. In Canada, 2008 incidence estimates for laboratory confirmed cases of VTEC 

estimated 2.3 cases per 100 000 population per year [8]. Accounting for under-reporting and 

under-diagnosis, increases this estimate to 10-47 cases per laboratory confirmed case of VTEC 

[9]. 

The World Health Organization (WHO) introduced the Global Burden of Disease effort 

to expand disease burden estimates beyond mortality rates. Diarrheal disease is estimated to be 

the fifth leading cause of morbidity worldwide, causing an estimated 2.2 million deaths per year 
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[10].  As diarrheal disease can be caused by many different pathogens, the exact number of cases 

attributed to E. coli O157 is uncertain. An increased understanding of disease progression and 

the sequelae associated with E. coli O157 infection could assist efforts to develop more accurate 

burden of disease (BOD) estimates for E. coli O157. 

Understanding the true BOD is an important aspect of evidence informed decision 

making and can help guide policy related to foodborne disease prevention, interventions and cost 

estimates. However, the accuracy of current BOD estimates is limited by minimal knowledge of 

the long term health effects associated with infections such as E. coli O157. Developments of 

measures such as Disability Adjusted Life Years from the WHO [10] and Health Adjusted Life 

Years (HALY) [11] have attempted to incorporate the long term health effects of an illness into 

disease burden estimates. Although the association between E. coli O157 infection and HUS is 

accepted [6], the frequency of cases that go on to develop HUS and understanding of other 

potential chronic sequelae is less well known. In order to determine the proportion of cases of E. 

coli O157 that develop a sequela, a review of the current evidence was needed.  

Systematic reviews are an established way to identify the body of literature associated 

with a subject area in a transparent, reproducible manner [12, 14]. Meta-analysis (the formal 

statistical pooling of data from multiple studies) of results allows for the development of 

summary estimates for the proportion of cases of E. coli O157 that develop specific sequela 

which can be used to inform BOD estimates. Meta-regression can assist with interpretation of 

these estimates as it can be used to explore variables which may influence the range in reported 

outcomes [14]. The purpose of this systematic review and meta-analysis was to develop an 

estimate for the proportion of cases of E. coli O157 that develop HUS, IBS, IBD, ReA or GBS 

while exploring influential variables which contribute to differences between studies.  
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MATERIALS AND METHODS 

Literature Search 

As part of a broader literature search, a keyword search of the following databases was 

performed between July 19
th

 and July 25
th

 2011 using Pubmed, Agricola, CabDirect, and Food 

Safety and Technology Abstracts to identify information on three foodborne pathogens (E. coli 

O157, Salmonella and Campylobacter). No limitations on date, country of publication or 

language were used. As the search was structured to identify information on three foodborne 

pathogens, studies specific to E. coli O157 were identified at the final stages of data extraction. 

The search strategy included any combination of the terms (‘Escherichia coli O157’, or, ‘O157’, 

‘VTEC’, ‘STEC’, ‘O157:H7’ or Salmonella or Campylobacter) and (‘sequel*’, ‘long-term’, 

‘long term’, ‘chronic ‘, ‘Guillain*’, ’HUS’, ’hemolytic uremic syndrome’, ‘haemolytic uraemic 

syndrome’, ‘hemorrhagic uremic syndrome’, ‘haemorrhagic uraemic syndrome’, ‘ Reiter*’, 

’complication*’, ‘arthritis’, ‘irritable bowel syndrome’, ‘IBS’, ‘post infectious irritable bowel 

syndrome’ or ‘inflammatory bowel disease’). Additional references were located through a 

search of the reference lists of all studies that met the inclusion criteria. All references were 

imported into RefWorks Reference Management Software [ProQuest LLP, 2012] where 

duplication removal occurred using the exact and close match functions. 

Inclusion and Exclusion Criteria for Systematic Review  

Three levels of screening were performed. The first two levels of screening were based 

on title and abstract only. The final level was applied to full text articles. Level one screening 

was performed by a single reviewer per reference. Studies that did not focus on E. coli O157, 

Salmonella or Campylobacter or did not include information on chronic disease in humans were 

excluded. In addition, the first level of screening excluded studies that were laboratory-based, 
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randomized control trials, case reports and case series. Details of the screening questions can be 

found in Appendix 1. If a study did not include sufficient information in the title or abstract to 

answer the screening questions it was passed onto the full text screening in level 3. 

Level two screening narrowed down results to more specific pathogens, study designs 

and chronic sequelae. Studies that did not include information on non-typhoidal Salmonella, E. 

coli O157 or Campylobacter other than Campylobacter pylori were excluded. Campylobacter 

pylori were excluded as it has been re-classified as Helicobacter pylori [13]. Additionally, 

studies that did not contain information on at least one of the following chronic sequelae were 

excluded; reactive arthritis (or Reiter’s syndrome), irritable bowel syndrome or inflammatory 

bowel disease (including Crohn’s disease and ulcerative colitis), haemolytic-uraemic syndrome 

(or renal failure, haemolytic anemia, thrombocytopenia) or Guillain Barré syndrome (or Miller-

Fisher syndrome, acute idiopathic polyneuritis; infectious polyneuritis; acute inflammatory 

polyneuropathy; acute inflammatory demyelinating polyneuropathy). Outbreak reports and 

surveillance based studies were included; all other studies were then classified by study design 

(cohort, case control, outbreak, cross-sectional, book, conference abstract, review, editorial) with 

books, conference abstracts, reviews, editorials, and letters being excluded from the review. 

Details of level two screening questions can be found in Appendix 2. 

A third and final level of screening of the full text articles for the remaining studies was 

conducted to identify those that contained the information necessary to answer the research 

question. Studies where full text articles were not available in English or French were excluded. 

The specific questions addressed can be found in Appendix 3. In summary data were extracted 

from observational studies that provided details on the number of cases of E. coli O157, 

Campylobacter, or Salmonella that developed one or more of the chronic sequelae of interest. 
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Studies reporting the opposite relationship, the number of cases of sequelae with evidence of past 

pathogen exposure, were excluded. After data extraction, studies on outcomes specific to E. coli 

O157 were identified for inclusion in this review.  

Data Collection Process 

Relevance screening and data extraction were conducted using a standardized form 

created in Microsoft Excel (Version 2007). Training for the first level of screening was 

performed using 200 test articles which were assigned to each reviewer. Consensus of greater 

than 95% was achieved between reviewers therefore each reviewer was assigned a section of 

references to review individually. 

The second level of screening was performed independently by two reviewers per 

reference. Inclusion/exclusion results were compared and conflicts were addressed and resolved 

via consensus with included references moving on to the third level of screening. 

The third level of screening was performed by four different researchers with two 

researchers independently reviewing each full text article. The screening questions and data 

extraction tool were refined through a pilot test of 50 articles to ensure understanding and 

consensus for the classification of each variable. Once refined, data were extracted using the data 

extraction tool described in the following section. Conflicts were resolved via discussion to 

achieve consensus, any remaining disagreements were resolved by a third reviewer. 

Data Variables 

Information on population (dates for data collection, country, age range of E. coli O157 

cases, and gender distribution of E. coli O157 cases), disease status (related to the sequelae) prior 

to illness with E. coli O157, season of data collection, outbreak source (where applicable), study 
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directionality (retrospective vs. prospective), source of data (surveillance vs. outbreak vs. 

hospitalized cases of E. coli O157), categories describing both E. coli O157 diagnosis and 

sequelae diagnosis, the length of time between E. coli O157 infection and sequelae diagnosis 

(follow-up time) and outcomes (number of participants with E. coli O157, number of participants 

who developed chronic sequelae) were extracted. Categorization of season, outbreak source, data 

source, study design, pathogen diagnosis and sequelae diagnosis was performed after data 

extraction for inclusion in the meta-regression. In the northern hemisphere, seasons were 

classified as fall (September to November), winter (December to February), spring (March to 

May) and summer (June to August). In the southern hemisphere they were classified as fall 

(March through May), winter (June through August), spring (September through November) and 

summer (December to February).  Outbreak sources (food, water, animal contact, daycare, 

nursing home or other) were distinguished due to their unique populations. Data source was 

classified as surveillance (which included laboratory and notifiable disease registries, sporadic 

cases and other population surveillance), associated with an outbreak or as hospitalized cases of 

E. coli O157. Study directionality was classified as either prospective (cases of E. coli O157 

were identified and the assessment for sequela occurred at a time point in the future), 

retrospective (both identification as a case of E. coli O157 and sequelae diagnosis had already 

occurred when data collection for the study was initiated) or other (for hospitalized cases where 

directionality could not be determined). Pathogen diagnosis was classified as confirmed (through 

culture, serology, or DNA based tests), probable (based on case definition from study or 

associated with an outbreak) or other (which included studies where cases of HUS were included 

in their case definition for E. coli O157). Sequelae diagnosis referred to the method by which the 

sequelae was diagnosed and was categorized as taken from medical records/diagnosed by 
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physician, other (which included self-reported questionnaires, or studies which reported multiple 

outcomes using a variety of definitions for HUS) or not reported. For studies that identified both 

full and partial cases (met some but not all criteria used to assess HUS) of HUS, only full cases 

were included as an outcome measure for the analysis. Detailed information on each variable 

collected and their definitions can be found in Appendix 4. 

As some studies reported multiple methods of diagnosis for both the sequelae (e.g. both 

medically diagnosed and self-reported cases) and E. coli O157 (e.g. both probable and culture 

confirmed cases) as well as multiple data sources (e.g. both outbreak associated and hospitalized 

cases) each combination of E. coli O157 and sequelae diagnosis were considered as a separate 

outcome measure. As it was possible to create multiple estimates from the same study for the 

proportion of cases of E. coli O157 that develop a sequelae, the term “outcome measure” was 

used to describe these unique proportion estimates.  

Statistical Analysis  

The primary outcome was the proportion of people with E. coli O157 who developed a 

specific chronic sequela. This was calculated as the number of persons developing a sequela 

divided by the total number of cases of E. coli O157. Standard errors and confidence intervals for 

a single proportion were derived. Prior to analysis adjusted proportions were calculated using a 

logit transformation [15].  

logit outcome = ln 
 

   
    logit standard error =  

 

           

Where p is the proportion of people developing the sequelae and n is the total number of cases of 

E. coli 0157. 
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All statistical analyses were performed in Stata Version 12 (Statacorp 2012). Meta-

analysis for each sequela was performed using a random effects model and the DerSimonian and 

Laird method to derive the summary estimate [16]. Heterogeneity was assessed using the I
2 

value, where values closer to 100% indicate heterogeneity is due to actual differences between 

studies and values closer to 0% indicate heterogeneity is due to chance [17]. For studies 

reporting on the same populations (for example multiple reports from the same outbreak using 

the same outcome measure), the publication which provided the most complete ancillary 

information was included in the meta-analysis. A count of 0.5 was added (to those reporting 0%) 

or subtracted (from those reporting 100%) to allow for inclusion in the meta-analysis [18]. Meta-

regression was used to explore sources of heterogeneity if the I
2
 value was higher than 25% and 

if greater than 10 outcome measures were available. The source of data, method of pathogen 

diagnoses, age group, country (England and Wales were combined into a single category), 

decade of data collection, season, outbreak source, group size and whether the design was 

retrospective or prospective were factors considered at the study level. Meta-regression was 

performed using logit transformed outcomes and logit transformed within-study standard errors 

and factors were only included if there was variation in the factor among studies. Significance 

tests were performed using univariable analysis where those presenting a p-value of less than or 

equal to 0.05 were considered significant. Significant variables were then entered into a 

backwards multivariable model and those that remained significant (p ≤ 0.05) were explored 

with subgroup meta-analysis. 

Categorical variables representing group size and age group were generated prior to 

meta-regression. For group size, the studies were classified based on the number of cases (extra 

small < 50 cases, small = 51 to 200 cases, medium = 201 to 500 cases, large = 501 to 1000 cases, 
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extra-large > 1000 cases). Age group was classified as all ages, adults (≥ 18 years), youth (< 18 

years) and children (≤ 10 years). 

Quality Assessment 

 It was decided a priori not to use a pre-established quality scale. Alternately, variables 

thought to indicate study quality were incorporated into the data extraction tool to allow for 

further exploration. Ten criteria were used for the quality assessment. They consisted of whether 

study directionality, the source of data, method of diagnosis for both the pathogen and sequelae, 

and follow-up time were provided. Additionally, whether the study provided relevant population 

information (country, gender distribution and age range of E. coli O157 cases) and reported the 

specific criteria used for the sequelae diagnosis were included. The definitions for sequelae 

diagnosis were divided into two categories; the method of diagnosis (physician vs. self-reported 

vs. other) and whether specific diagnostic criteria were provided (e.g. a description of the 

laboratory criteria used in diagnosis of HUS). 

RESULTS 

Systematic Review 

Study Selection 

The results of the search are summarized in Figure 2.1. The screening process included 

three foodborne pathogens until the final step which was specific to E. coli O157. The search on 

July 19, 2011 of Pubmed returned 14192 results; the search of CabDirect on July 20, 2011 

returned 7350 results, the search of Agricola on July 23, 2011 returned 1410 results and the 

search of Food and Technology Abstracts on July 25, 2011 returned 501 results. After removal 

of duplicate citations, there were a total of 20048 references pertaining to all three pathogens. Of 
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the 860 studies identified for the third level of screening, 646 were not related to the specific 

review question, 47 studies were not available in English or French, 13 were inaccessible 

because they were published before 1970 and could not be accessed and 11 were inaccessible 

using the databases available to us at the time of the search.  After final screening of full text 

articles and evaluation of the reference lists of relevant studies, there were 147 studies which met 

the inclusion criteria and underwent data extraction.  Of those studies, 81 contained information 

on E. coli O157. 

Study Descriptions 

The 81 studies reported on 121 different populations from 18 different countries (Table 

2.1). All but two studies were from North America (n = 44), Europe (n = 26) and Japan (n = 10). 

Seventy-nine of those studies related to E. coli O157 and HUS, two evaluated E. coli O157 and 

HUS or thrombotic thrombocytopenic purpura (TTP) and one study investigated E. coli O157 

and reactive arthritis. No studies on the other chronic sequelae included were found. 

Most of the studies were based on outbreaks (n = 90, as some reported multiple 

outbreaks). Of those outbreak-based studies that reported seasonality, 63% of outbreaks occurred 

in the spring and/or summer. Over half (n = 37, 57%) of the outbreak studies that reported source 

were estimated to be foodborne in origin and the majority were prospective in design (n = 65, 

73%). Of the remaining study designs (surveillance and hospital-based), 26 were based on 

population surveillance of which 16 were prospective, 6 focused on hospitalized cases of E. coli 

O157 and a single study looked at sporadic cases in the community.  
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E. coli O157 and HUS 

Outcome Measures  

There were 141 different estimates (“outcome measures”) for the probability of 

developing HUS following E. coli O157 infection from the 120 different populations (Table 2.2). 

The number of cases of E. coli O157 was variable across studies and estimates for development 

of HUS ranged from 0% to 100% (Figure 2.2). In the outbreak studies, E. coli O157 case 

numbers ranged from 2 to 2311 persons. Of the population surveillance studies, E. coli O157 

case numbers ranged from 25 to 3464 persons and the hospitalized cases of E. coli O157 ranged 

in size from 2 to 2313 persons. For diagnosis of E. coli O157, 63% (90/141) reported 

“confirmed” cases of E. coli O157 with the proportion of cases that developed HUS ranging 

from 0% to 100%. Of the 39 outcomes reporting probable cases of E. coli O157, the probability 

of developing HUS ranged from 0% to 67%. There were 10 studies which assumed all cases of 

HUS were positive for E. coli O157 and therefore included them as a case of E. coli 0157 

(classified as “other” for pathogen diagnosis in Table 2.2). In these studies the number of cases 

developing HUS ranged from 1.8% to 50%. 

Quality Assessments 

  Thirty percent of studies (25/82) reported the length of time between diagnosis as a case 

and assessment for the chronic sequelae. No studies reported on sequelae status prior to the 

study.  All studies reported study directionality and source of data. Two studies (2%, 2/82) did 

not provide information on how the pathogen was diagnosed. Due to the severity associated with 

HUS symptoms, all cases of the sequelae were physician diagnosed. However, 37% of the 

studies (30/82) did not provide a definition for their diagnosis of HUS. For population variables, 
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22 studies (26%) did not report age range, 36 (44%) did not report gender distribution. Country 

was specified for all populations. 

Meta-analysis/ Meta-regression 

Prior to analysis, duplicate reports from the same outbreak or reports that presented on a 

subset of the same data were identified as “duplicate populations”. Removal of information on 

duplicate populations resulted in the exclusion of 10 outcomes for a total of 131 outcome 

measures included in the meta-analysis of E. coli O157 and HUS.  The overall estimate for the 

proportion of cases of E. coli O157 which developed HUS was 13.1% (95% CI 10.1% - 17.1%, 

I
2
 = 91.3%). Due to the large amount of heterogeneity, exploration of influencing variables was 

performed using meta-regression. 

The influence of age group, country, season, outbreak source, decade of data collection, 

study directionality, source of data, pathogen diagnosis and group size were explored using 

meta-regression.  Individually, all variables except for group size (p < 0.0001) and season (p = 

0.016) were non-significant. After multivariable analysis only group size remained significant (p 

< 0.0001). Subgroup analysis demonstrated large variability between summary estimates with 

extra small groups (< 50 cases) having a higher proportion of cases developing HUS (17.2%) 

with less heterogeneity (I
2
 = 48.9%) and extra-large groups (> 1000 cases) having a significantly 

lower proportion of cases developing HUS (4.2 %) with extremely high heterogeneity (I
2
 = 

94.8%) (Table 2.3). No other variables were found to be significant. Thus much of the 

heterogeneity in the data was unexplained. 
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E. coli O157 and reactive arthritis or thrombotic thrombocytopenic purpura (TTP)  

In the single study on E. coli O157 and reactive arthritis, the number of culture confirmed 

cases that developed reactive arthritis was 0.25%. For TTP, proportions were reported as 2% for 

culture confirmed cases and 7% in probable cases. 

DISCUSSION 

 This study used the results of a systematic literature search and meta-analysis to provide 

an estimate for the proportion of cases of E. coli O157 that developed a chronic sequela. 

Although there is a large body of literature available on E. coli O157, information on chronic 

sequelae was primarily limited to those studies which investigated the relationship with HUS. 

Within this body of research, the proportion of E. coli O157 cases developing HUS varied 

greatly. The large variation between studies makes developing a single summary estimate for the 

proportion of cases of E. coli O157 that develop HUS difficult. Of all the factors collected during 

data extraction, group size was the only characteristic that had a significant effect on 

heterogeneity. All but 3 of the 102 outbreak related outcome measures presented less than 100 

cases of E. coli O157.   The high proportion of HUS estimated from the subgroup meta-analysis 

for these smaller groups is concerning considering the high number of small outbreaks that were 

located during the search.  Studies indicate as many as 12% of HUS cases result in death or end 

stage renal disease and 25% of HUS cases develop long term renal sequelae [4].  In contrast 

however, for larger populations those proportions were significantly lower which may have more 

implications in the development of burden of disease estimates for E. coli as they could be more 

representative of the incidence of HUS at the population level as the small outbreak studies may 

inflate estimates. The biggest concern however, with interpreting these estimates is the high 

heterogeneity in the data even after subgroup meta-analysis as this indicates that important 
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influencing factors were not captured through the data extraction process and that the study level 

variables considered in this review were potentially not as influential as other host, pathogen and 

environmental factors.  

Some potential explanations and areas for further investigation could be virulence 

differences between E. coli O157 strains, severity of acute illness in cases, dose of E. coli O157 

received, immune status of cases prior to infection and age range of HUS cases. Although an 

association between HUS and age is generally accepted in the medical field [1] age was not 

found to be a significant contributor to heterogeneity in this review.  This may be a factor of 

categorization as opposed to a true lack of association. In this study, the population was 

categorized based on the age range for E. coli O157 cases not HUS cases. For those categorized 

as “all ages”, the occurrence of HUS could have been limited to children however this was not 

captured by our approach due to data reporting limitations in the primary studies and is a 

recommended area for further consideration. The difficulty with capturing the effects of the other 

potential sources of heterogeneity is that this level of detail was often not reported on within the 

small outbreak studies and large surveillance studies. In order for these areas to be addressed in 

future meta-analyses, more detailed descriptions of the characteristics of HUS cases and 

identification of the E. coli O157 strains should be reported. 

In addition, the inter-relatedness among variables and lack of variation between studies 

for the study level factors considered in this review could explain why no associations were 

found. Due to the nature and severity of HUS, all of the sequelae cases were considered 

“medically diagnosed”, follow up time was not reported in most studies, and most of the 

publications were small outbreak studies. Differences in the definition for HUS and differences 

in case definitions used to identify a case of E. coli O157 could also be potential factors 
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explaining the large amount of unexplained heterogeneity between studies. For example, some 

studies provided no case definition for HUS thus making it impossible to compare this effect 

between studies. In conjunction with this, exploration of the effects of partial versus full HUS on 

outcome estimates could provide additional insights, however this requires clear case definitions. 

Additionally, there were no consistent criteria used to identify “probable cases of E. coli O157” 

between studies, contributing to the difficulties in comparing results between studies. Clear and 

consistent case definitions for both E. coli O157 and HUS should be implemented and reported 

in future studies to allow for further exploration of potential sources of heterogeneity. 

An important issue identified by this systematic review was the lack of data pertaining to 

all other potential chronic sequelae. There are a few explanations for why these relationships 

may not have been captured in the available literature. The timing between illness and the 

assessment for chronic sequelae was short, or not reported, in the majority of studies which may 

prevent the detection of illnesses that take longer to develop (for example HUS typically 

manifests with severe symptoms in days versus ReA or IBS which can take months to develop or 

have intermittent symptoms). Another potential reason is that the studies themselves did not 

consider sequelae other than HUS in their follow-up so their development would not have been 

captured regardless. Finally, there is the possibility that other sequelae do not occur after E. coli 

O157 infection. Whether this relationship exists or not was not possible to determine given the 

available data. Developing accurate BOD estimates for E. coli O157 is limited until a better 

understanding of all chronic sequelae is known. Additional research into potential links with 

reactive arthritis, irritable bowel syndrome, inflammatory bowel disease and Guillain Barré 

syndrome are encouraged. 
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A number of long term studies have looked at the sequelae associated with the Walkerton 

Outbreak of E. coli O157 and Campylobacter in Ontario Canada in 2000 [101-106]. The 

outbreak was mixed as cases included those infected with either or both pathogen. Due to the 

scale of the outbreak, confirming pathogen diagnosis of cases was not conducted throughout the 

outbreak. The case definition for these studies was based on symptoms and potential exposure 

[101]. Because of this, distinguishing between cases of E. coli O157 and Campylobacter was not 

possible. Although these studies provide valuable insight into the issue of sequelae development 

after infection, the inability to distinguish between E. coli O157 and Campylobacter cases 

prevented their inclusion for the purpose of this review.  As a comparison however, there were 

27 confirmed cases of HUS in the Walkerton Health Study [101]. Based on the 995 cases of 

confirmed GI included in the study, the proportion from this study is estimated at approximately 

2.71%, which falls on the lower end of our estimate for an extra-large group. However, when 

considering laboratory confirmed cases of E.coli O157 or Campylobacter (n = 188), the 

proportion was 14.9%, well within the confidence interval estimated in this study for a small 

group.  

There are some additional limitations to the available data that need to be considered 

when interpreting the results. Although efforts were made to remove outcomes on duplicate 

populations from the meta analysis, due to the minimal information provided on each outbreak 

included in the overview study by Ammon et al. [39], there is the possibility that some of the 

populations reported on were also included in other studies. In addition, there was variation in 

outcomes reported from the same outbreak as demonstrated in the studies from Japan regarding 

the Sakai School Outbreak. All of the studies on this outbreak reported different outcomes for 
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their sub-populations and it appeared the overall estimates for the outbreak itself changed over 

time [35, 55]. 

 Limitations specific to this systematic review and meta-analysis also need to be 

considered. A truly international perspective was not possible due to inaccessible articles and 

language restrictions. In addition, as multiple outcomes were taken from some studies, the 

assumption of independence of estimates for the meta-analysis was not met which could lead to 

narrowing of confidence intervals. Post hoc categorization of age group and group size should 

also be acknowledged as a limitation when interpreting the results. 

Despite these limitations, this systematic review and meta-analysis is a first step towards 

developing more accurate disease burden estimates for E. coli O157. In addition, it identified 

some important gaps in the available literature in regards to chronic sequelae which if addressed, 

could further improve our understanding of the proportion of cases of E. coli O157 that will 

develop long term health complications. 

CONCLUSIONS 

 In conclusion, it was estimated via subgroup meta-analysis that the number of cases of E. 

coli O157 that develop HUS ranged from 4 in groups with greater than 1000 cases to 17% in 

groups with less than 50 cases. Although these proportions must be interpreted with caution due 

to the large amount of unexplained heterogeneity between studies, the high proportion of cases 

developing HUS indicates the need for further research to develop more accurate estimates of 

disease burden as HUS is associated with severe or even fatal complications. In addition, for 

accurate burden of disease estimates to be developed a better understanding of additional chronic 

sequelae associated with E. coli O157 infection is required. 
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TABLES AND FIGURES 

Table 2.1: Population characteristics for studies relating to selected chronic sequelae of E. coli O157 published before July 2011. 

First Author 

Date of 

Publication 

Reference 

Number 

Country 

Age 

Category^ 

(for E. coli 

Cases) 

% 

Female 

(for E. 

coli 

Cases) 

Source of Data 
Study 

Directionality 

Outbreak 

Source 

Date for Data 

Collection 
Season 

HUS         

Afza 

2006, [37] 
UK All ages 89 

Outbreak in 

community 
Prospective Nursing Home 2001 Summer 

Al-Jader 

1999, [38] 
Wales Adult 38 

Outbreak in 

community 
Retrospective Daycare 1995 Summer/Fall 

Ammon 

1997, [39] 
Austria NR NR 

Population 

Surveillance** 
Retrospective Various 1992 NR 

Ammon 

1997, [39] 

England/ 

Wales 
NR NR 

Population 

Surveillance 
Retrospective Various 1992-1994 NR 

Ammon 

1997, [39] 
Germany NR NR 

Population 

Surveillance 
Retrospective Various 

1992,1995-

1996 
NR 

Ammon 

1997, [39] 
Ireland NR NR 

Population 

Surveillance 
Retrospective Various 1995 NR 

Ammon 

1997, [39] 
Scotland NR NR 

Population 

Surveillance 
Retrospective Various 1992-1996 NR 

Ammon 

1997, [39] 
Sweden NR NR 

Population 

Surveillance 
Retrospective Various 1995-1996 NR 

Anonymous 

2006, [19] 
USA NR NR 

Outbreak in 

community 
Prospective 

Food - 

vegetable 
2006 Summer/Fall 

Anonymous 

1997, [20] 
England NR NR 

Outbreak in 

community 
Prospective Food- other 1997 Winter 

Anonymous 

1997, [96] 

Canary 

Islands 
NR NR 

Outbreak in 

community 
Prospective Other+ 1997 Spring 

Bell 

1994, [21] 
USA All ages 49 

Outbreak in 

community 
Prospective Food - meat 1992-1993 Winter 

Bell 

1997, [22] 
USA Youth 52 

Outbreak in 

community 
Retrospective Food - meat 1993 Winter 

Belongia 

1993, [23] 
USA Youth 31 

Outbreak in 

community 
Prospective Food - meat 1988 Fall 

Besser 

1993, [24] 
USA All ages 83 

Outbreak in 

community 
Retrospective 

Food - 

vegetable 
1991 Fall 

Blackwell 

2002, [25] 
Scotland NR NR 

Outbreak in 

community 
Prospective NR 1996 NR 
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First Author 

Date of 

Publication 

Reference 

Number 

Country 

Age 

Category^ 

(for E. coli 

Cases) 

% 

Female 

(for E. 

coli 

Cases) 

Source of Data 
Study 

Directionality 

Outbreak 

Source 

Date for Data 

Collection 
Season 

Buteau 

2000, [26] 
Canada Youth 51 

Hospitalized 

cases 
Other^ NA 1987-1997 All 

CDC 

2005, [27] 
USA All ages 59 

Outbreak in 

community 
Prospective Animal Contact 2004 Fall 

CDC 

2005, [27] 
USA All ages 56 

Outbreak in 

community 
Prospective Animal Contact 2005 Winter/Spring 

CDC 

2005, [27] 
USA NR NR 

Outbreak in 

community 
Retrospective Animal Contact 2005 Summer 

CDC 

2002, [28] 
USA All ages 30 

Outbreak in 

community 
Prospective Food - meat 1995 Summer 

CDC 

2002, [28] 
USA All ages 30 

Outbreak in 

community 
Prospective Food - meat 1995 Summer 

CDC 

1995, [29] 
USA All ages NR 

Outbreak in 

community 
Prospective Food - meat 2002 Summer 

CDC 

1996, [30] 

Canada/ 

USA 
All ages 46 

Outbreak in 

community 
Prospective Food- other 1996 Fall 

Cimolai 

1994, [31] 
Canada NR 54 

Hospitalized 

cases 
Other NA 1984-1989 All 

Cornick 

2002, [32] 
USA Children 38 

Population 

Surveillance 
Prospective NA 1997-2000 All 

Davies 

2005, [33] 
USA NR NR 

Hospitalized 

cases 
Other Animal Contact 2005 Summer 

Davies 

2005, [33] 
USA All ages 56 

Outbreak in 

community 
Prospective Animal Contact 2005 Spring 

Davis 

1993, [34] 
USA All ages NR 

Outbreak in 

community 
Prospective Food - meat 1992-1993 Winter 

Davis 

1993, [34] 
USA All ages NR 

Outbreak in 

community 
Prospective Food - meat 1992-1993 Winter 

Davis 

1993, [34] 
USA NR NR 

Outbreak in 

community 
Retrospective Food - meat 1992-1993 Winter 

Davis 

1993, [34] 
USA All ages NR 

Outbreak in 

community 
Retrospective Food - meat 1992-1993 Fall/Winter 

Diallo 

2011, [40] 
USA All ages 64 

Outbreak in 

community 
Prospective 

Food - 

vegetable 
1999 Fall 

Duncan 

1987, [41] 
Canada NR NR 

Outbreak in 

community 
Prospective Daycare 1986 Spring 

Dundas 

2001, [42] 
Scotland All ages 66 

Outbreak in 

community 
Retrospective Food - meat 1996 Fall/Winter 

Espie 

2006, [43] 
France All ages 33.3 

Outbreak in 

community 
Prospective Food - dairy 2004 Summer 
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First Author 

Date of 

Publication 

Reference 

Number 

Country 

Age 

Category^ 

(for E. coli 

Cases) 

% 

Female 

(for E. 

coli 

Cases) 

Source of Data 
Study 

Directionality 

Outbreak 

Source 

Date for Data 

Collection 
Season 

Ethelberg 

2004, [44] 
Denmark NR NR 

Population 

Surveillance 
Prospective NA 1997-2003 All 

Farquhar 

2000, [45] 
USA Children NR 

Population 

Surveillance 
Prospective NA pre-2000 NR 

Fukushima 

1999, [35] 
Japan Youth 51 

Hospitalized 

cases 
Prospective Food- other 1996 Summer 

Gammie 

1996, [46] 
England All ages 73 

Outbreak in 

community 
Prospective Food - meat 1995 Fall 

Goode 

2009, [36] 
USA All ages 59 

Outbreak in 

community 
Prospective Animal Contact 2004 Fall 

Gould 

2009, [47] 
USA All ages 61 

Population 

Surveillance 
Prospective NA 2000-2006 All 

Gouveia 

1998, [48] 
USA Youth 60 

Outbreak in 

community 
Prospective Daycare 1994 Summer 

Gouveia 

1998, [48] 
USA All ages 44 

Population 

Surveillance 
Retrospective Daycare 1994 Spring/Summer 

Gransden 

1986, [49] 
Canada Adults 53 

Population 

Surveillance 
Prospective NA 1983-1985 All 

Griffin 

1988, [50] 
USA All ages NR 

Outbreak in 

community 
Retrospective Food - meat 1986 Fall 

Hamano 

1993, [51] 
Japan Youth NR 

Outbreak in 

community 
Prospective Waterborne 1990 Fall/Winter 

Hedican 

2009, [52] 
USA All ages 57 

Population 

Surveillance 
Prospective NA 2000-2006 All 

Honda 

1999, [53] 
Japan All ages NR 

Outbreak in 

community 
Retrospective 

Food - 

vegetable 
1996 NR 

Ikeda 

1999, [54] 
Japan Youth 52.1 

Hospitalized 

cases 
Retrospective Food- other 1996 NR 

Ikeda 

2000, [55] 
Japan Youth 51.7 

Outbreak in 

community 
Retrospective Food- other 1996 Summer 

Ishikawa 

2000, [56] 
Japan Youth 55 

Hospitalized 

cases 
Prospective NA NR NR 

Jelacic 

2002, [57] 
USA Children 56 

Population 

Surveillance 
Prospective NA 1997-2001 All 

Karch 

1997, [58] 
Germany NR NR 

Hospitalized 

cases 
Prospective NA 1991-1995 All 

Karmali 

1998, [59] 
Canada Adults 40 

Outbreak in 

community 
Prospective Other 1985 Summer 

Kawano 

2008, [60] 
Japan All ages NR 

Population 

Surveillance 
Other NA 2001-2003 All 
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First Author 

Date of 

Publication 

Reference 

Number 

Country 

Age 

Category^ 

(for E. coli 

Cases) 

% 

Female 

(for E. 

coli 

Cases) 

Source of Data 
Study 

Directionality 

Outbreak 

Source 

Date for Data 

Collection 
Season 

King 

2009, [61] 
France All ages 45 

Outbreak in 

community 
Prospective Food - meat 2005 Fall 

Kitajima 

2002, [62] 
Japan NR NR 

Outbreak in 

community 
Retrospective Food- other 1996 NR 

Lerman 

1992, [95] 
Israel Youth NR 

Outbreak in 

community 
Prospective Daycare 1990 Spring 

Liptakova 

2004, [63] 
Slovakia All ages 56 

Outbreak in 

community 
Prospective Food - dairy Pre-2004 Fall 

Ludwig 

1997, [64] 
Bavaria Adults NR 

Outbreak in 

community 
Prospective Other 1993 summer 

MacDonald 

1996, [65] 
Scotland All ages 50 

Population 

Surveillance 
Prospective NA 1988-1990 All 

MacDonald 

1988, [66] 
USA All ages 44 

Population 

Surveillance 
Prospective NA 1985-1986 All 

McCarthy 

1999, [67] 
USA All ages 55 

Outbreak in 

community 
Prospective Waterborne 1999 Summer 

McDonnell 

1997, [68] 
England All ages 73 

Outbreak in 

community 
Prospective Food - meat 1995 Spring/Summer 

McDonnell 

1997, [68] 
England Adults 25 

Outbreak in 

community 
Prospective Food - meat 1995 Spring/Summer 

Milne 

1999, [94] 
UK Adults 33 

Outbreak in 

community 
Prospective Animal Contact 1997 Spring/summer 

Murray 

2000, [69] 
USA NR NR 

Outbreak in 

community 
Retrospective NR 1993 Winter 

O'Donnell 

2002, [70] 
Ireland All ages 50 

Outbreak in 

community 
Prospective Daycare 1998 Winter 

Olsen 

2002, [71] 
USA All ages 51 

Outbreak in 

community 
Prospective Waterborne 1998 Summer 

Orr 

1994, [72] 
Canada All ages 52 

Outbreak in 

community 
Prospective Food- other 1991 Summer/Fall 

Pai 

1988, [93] 
Canada All ages 58 

Population 

Surveillance 
Prospective NA 1984-1986 All 

Payne 

2003, [73] 
Wales All ages NR 

Outbreak in 

community 
Prospective Animal Contact 1999 Summer 

Pebody 

1999, [74] 

Canary 

Islands 
All ages 60 

Outbreak in 

community 
Prospective Waterborne 1997 Spring 

Pierard 

1997, [75] 
Belgium All ages 59 

Population 

Surveillance 
Retrospective NA 1990-1995 All 

Pollock 

2010, [76] 
Scotland NR NR 

Outbreak in 

community 
Prospective Daycare 2006 Spring 
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First Author 

Date of 

Publication 

Reference 

Number 

Country 

Age 

Category^ 

(for E. coli 

Cases) 

% 

Female 

(for E. 

coli 

Cases) 

Source of Data 
Study 

Directionality 

Outbreak 

Source 

Date for Data 

Collection 
Season 

Raffaelli 

2007, [77] 
USA Children 42 

Outbreak in 

community 
Prospective Daycare 2004 Summer 

Remis 

1984, [78] 
USA All ages 46 

Population 

Surveillance 
Prospective NA 1982-1984 All 

Roberts 

2000, [79] 
Scotland All ages 59 

Outbreak in 

community 
Retrospective Food - dairy 1994 Spring 

Rowe 

1991, [80] 
Canada Adults 60 

Hospitalized 

cases 
Prospective NA 1985 - 1988 All 

Rowe 

1998, [81] 
Canada Children 58 

Population 

Surveillance 
Prospective NA 1991-1994 All 

Rowe 

1994, [82] 
Canada Children NR 

Outbreak in 

community 
Prospective Other 1991 Summer/Fall 

Salmon 

1989, [83] 
England All ages NR 

Outbreak in 

community 
Prospective Food- other 1987 Summer 

Shimazu 

2000, [84] 
Japan NR NR 

Outbreak in 

community 
Retrospective Food- other 1996 Summer 

Shiomi 

1999, [85] 
Japan Children 41 

Outbreak in 

community 
Prospective Food- other 1996 Summer 

Takeda 

1998, [86] 
Japan All ages NR 

Population 

Surveillance 
Prospective NA 1996-1997 All 

Tserenpuntsag 

2005, [87] 
USA All ages 62 

Population 

Surveillance 
Prospective NA 1998-1999 All 

Varma 

2003, [92] 
USA All ages 57 

Outbreak in 

community 
Prospective Other 2001 Summer/Fall 

Wall 

1996,[88] 

England/ 

Wales 
NR NR 

Population 

Surveillance 
Retrospective Various 1992-1994 All 

Willshaw 

1994, [89]] 
Wales All ages 50 

Outbreak in 

community 
Prospective Food - meat 1993 Summer 

Wong 

2000, [90] 
USA Children 49 

Population 

Surveillance 
Prospective NA 1997-1999 All 

Wood 

2001, [91] 
Scotland All ages NR 

Outbreak in 

community 
Prospective Food - meat 1996 All 

Yoshioka 1999 

[97] 
Japan NR NR 

Outbreak in 

community 
Retrospective Food- other 1996 NR 

HUS & TTP         

Guh, 2008 

[98] 
USA All ages 57 

Outbreak in 

community 
Retrospective Food - dairy 2008 Summer 

Ostroff, 1990 

[99 
USA All ages 64 

Population 

Surveillance 
Prospective NA 1987 All 
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First Author 

Date of 

Publication 

Reference 

Number 

Country 

Age 

Category^ 

(for E. coli 

Cases) 

% 

Female 

(for E. 

coli 

Cases) 

Source of Data 
Study 

Directionality 

Outbreak 

Source 

Date for Data 

Collection 
Season 

ReA         

Townes, 2008 

[100] 
USA All ages 50 

Population 

surveillance 
Prospective NA 2002-2004 All 

*NR = not reported. NA = Not Applicable.  

**Surveillance included laboratory and notifiable disease registries, sporadic cases and other population surveillance. 

+ Other includes person to person transmission, environmental (non-water) contamination or unidentified source. 

^ Other denotes studies using hospitalized cases of E. coli O157 where it was not possible to determine directionality 
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Table 2.2: Outcome variables for studies relating to selected chronic sequelae of E. coli O157 published before July 2011. 

First Author 

Date of Publication 

Reference Number 

Time from E. coli 

O157 illness to 

evaluation for 

chronic sequelae 

(days) 

E. coli O157 

diagnosis 
Sequelae diagnosis 

Number of 

people with 

E. coli O157 

Number of 

people who 

developed 

sequelae 

Outcome 

Measure 

Estimate 

HUS       

Afza, 2006 [37] NR Probable** 
Medical Records / 

Physician 
95 1 1.05% 

Afza, 2006 [37] NR Confirmed** 
Medical Records / 

Physician 
20 1 5.00% 

Al-Jader, 1999 

[38] 
50 Other** 

Medical Records / 

Physician 
31 2 6.45% 

Ammon, 1997 [39] NR Confirmed Other^ 9 0 0.00% 

Ammon, 1997 [39] 
NR Confirmed Other 5 0 0.00% 

Ammon, 1997 [39] 
NR Confirmed Other 19 0 0.00% 

Ammon, 1997 [39] 
NR Confirmed Other 37 5 13.51% 

Ammon, 1997 [39] 
NR Confirmed Other 3 0 0.00% 

Ammon, 1997 [39] 
NR Confirmed Other 4 0 0.00% 

Ammon, 1997 [39] 
NR Confirmed Other 41 3 7.32% 

Ammon, 1997 [39] 
NR Confirmed Other 5 1 20.00% 

Ammon, 1997 [39] 
NR Confirmed Other 5 0 0.00% 

Ammon, 1997 [39] 
NR Confirmed Other 7 3 42.86% 

Ammon, 1997 [39] 
NR Confirmed Other 9 6 66.67% 

Ammon, 1997 [39] 
NR Confirmed Other 9 2 22.22% 

Ammon, 1997 [39] 
NR Confirmed Other 7 3 42.86% 

Ammon, 1997 [39] 
NR Confirmed Other 17 1 5.88% 
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First Author 

Date of Publication 

Reference Number 

Time from E. coli 

O157 illness to 

evaluation for 

chronic sequelae 

(days) 

E. coli O157 

diagnosis 
Sequelae diagnosis 

Number of 

people with 

E. coli O157 

Number of 

people who 

developed 

sequelae 

Outcome 

Measure 

Estimate 

Ammon, 1997 [39] 
NR Confirmed Other 4 1 25.00% 

Ammon, 1997 [39] 
NR Confirmed Other 17 3 17.65% 

Ammon, 1997 [39] 
NR Confirmed Other 5 5 100.00% 

Ammon, 1997 [39] 
NR Confirmed Other 5 3 60.00% 

Ammon, 1997 [39] 
NR Confirmed Other 2 0 0.00% 

Ammon, 1997 [39] 
NR Confirmed Other 7 4 57.14% 

Ammon, 1997 [39] 
NR Confirmed Other 6 1 16.67% 

Ammon, 1997 [39] 
NR Confirmed Other 3 1 33.33% 

Ammon, 1997 [39] 
NR Confirmed Other 12 2 16.67% 

Ammon, 1997 [39] 
NR Confirmed Other 24 1 4.17% 

Ammon, 1997 [39] 
NR Confirmed Other 100 9 9.00% 

Ammon, 1997 [39] 
NR Confirmed Other 8 3 37.50% 

Ammon, 1997 [39] 
NR Confirmed Other 4 1 25.00% 

Ammon, 1997 [39] 
NR Confirmed Other 22 1 4.55% 

Ammon, 1997 [39]] 
NR Confirmed Other 16 0 0.00% 

Ammon, 1997 [39] 
NR Confirmed Other 15 1 6.67% 

Ammon, 1997 [39] 
NR Confirmed Other 5 0 0.00% 

Ammon, 1997 [39] 
NR Confirmed Other 8 0 0.00% 
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First Author 

Date of Publication 

Reference Number 

Time from E. coli 

O157 illness to 

evaluation for 

chronic sequelae 

(days) 

E. coli O157 

diagnosis 
Sequelae diagnosis 

Number of 

people with 

E. coli O157 

Number of 

people who 

developed 

sequelae 

Outcome 

Measure 

Estimate 

Anonymous 2006 [19] NR Probable Medical Records / 

Physician 

10 3 30.00% 

Anonymous 1997 [20] NR Confirmed 
Medical Records / 

Physician 
183 29 15.85% 

Anonymous 1997 [20] NR Confirmed 
Medical Records / 

Physician 
95 29 30.53% 

Anonymous 1997 [96] NR Confirmed 
Medical Records / 

Physician 
8 1 12.50% 

Anonymous 1997 [96] NR Probable 
Medical Records / 

Physician 
32 1 3.13% 

Bell, 1994 [21] NR Confirmed 
Medical Records / 

Physician 
501 45 8.98% 

Bell, 1997 [22] 60-120 Other 
Medical Records / 

Physician 
278 33 11.87% 

Belongia, 1993 [23] NR Confirmed 
Medical Records / 

Physician 
15 0 0.00% 

Belongia, 1993 [23] NR Probable 
Medical Records / 

Physician 
54 0 0.00% 

Besser, 1993 [24] NR Confirmed 
Medical Records / 

Physician 
23 4 17.39% 

Blackwell, 2002 [25] 365 Confirmed 
Medical Records / 

Physician 
186 28 15.05% 

Buteau, 2000 [26] NR Confirmed 
Medical Records / 

Physician 
221 27 12.22% 

CDC, 2005 [27] 21 Probable 
Medical Records / 

Physician 
63 7 11.11% 

CDC, 2005 [27] NR Confirmed NR 2 0 0.00% 

CDC, 2002 [28] NR Probable 
Medical Records / 

Physician 
10 1 10.00% 

CDC, 1996 [29] NR NR NR 28 5 17.86% 

CDC, 1996 [30] NR Other 
Medical Records / 

Physician 
45 12 26.67% 

Cimolai, 1994 [31] NR Confirmed 
Medical Records / 

Physician 
118 28 23.73% 

Cornick, 2002  [32] 14 Confirmed 
Medical Records / 

Physician 
68 6 8.82% 

Davies, 2005 [33] NR Confirmed 
Medical Records / 

Physician 
22 7 31.82% 
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First Author 

Date of Publication 

Reference Number 

Time from E. coli 

O157 illness to 

evaluation for 

chronic sequelae 

(days) 

E. coli O157 

diagnosis 
Sequelae diagnosis 

Number of 

people with 

E. coli O157 

Number of 

people who 

developed 

sequelae 

Outcome 

Measure 

Estimate 

Davies, 2009 [33] NR Confirmed NR 2 0 0.00% 

Davis, 1993 [34] NR Confirmed 
Medical Records / 

Physician 
477 30 6.29% 

Davis, 1993 [34] NR Confirmed 
Medical Records / 

Physician 
14 1 7.14% 

Davis, 1993 [34] NR Probable 
Medical Records / 

Physician 
34 7 20.59% 

Davis, 1993 [34]] NR Probable 
Medical Records / 

Physician 
58 3 5.17% 

Diallo, 2011 [40] NR Confirmed 
Medical Records / 

Physician 
11 3 27.27% 

Diallo, 2011 [40] NR Probable 
Medical Records / 

Physician 
16 3 18.75% 

Diallo, 2011 [40] NR Probable 
Medical Records / 

Physician 
6 3 50.00% 

Duncan, 1987 [41] NR Probable 
Medical Records / 

Physician 
47 3 6.38% 

Dundas, 2001 [42] 14 Confirmed 
Medical Records / 

Physician 
120 34 28.33% 

Espie, 2006 [43] Other Confirmed 
Medical Records / 

Physician 
2 2 100.00% 

Espie, 2006 [43] Other Probable 
Medical Records / 

Physician 
3 2 66.67% 

Ethelberg, 2004 [44] NR Confirmed Other 81 11 13.58% 

Farquhar, 2000 [45] 14 Confirmed 
Medical Records / 

Physician 
71 10 14.08% 

Fukushima, 1996 [35] NR Probable 
Medical Records / 

Physician 
425 12 2.82% 

Fukushima , 1996 [35] NR Probable 
Medical Records / 

Physician 
57 4 7.02% 

Gammie, 1996 [46] NR Probable 
Medical Records / 

Physician 
11 4 36.36% 

Gammie, 1996 [46] NR Probable 
Medical Records / 

Physician 
7 4 57.14% 

Goode, 2009 [36] NR Probable NR 108 15 13.89% 

Gould, 2009 [47] NR Confirmed Other 3464 218 6.29% 

Gouveia, 1998 [48] NR Confirmed NR 20 0 0.00% 
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First Author 

Date of Publication 

Reference Number 

Time from E. coli 

O157 illness to 

evaluation for 

chronic sequelae 

(days) 

E. coli O157 

diagnosis 
Sequelae diagnosis 

Number of 

people with 

E. coli O157 

Number of 

people who 

developed 

sequelae 

Outcome 

Measure 

Estimate 

Gouveia, 1998 [48] NR Confirmed NR 18 0 0.00% 

Gransden, 1986 [49] NR Confirmed 
Medical Records / 

Physician 
34 9 26.47% 

Griffin 1988 [50] NR Probable 
Medical Records / 

Physician 
37 1 2.70% 

Guh, 2008 [98] 58 Probable 
Medical Records / 

Physician 
14 3 21.43% 

Hamano, 1993 [51] NR Probable 
Medical Records / 

Physician 
106 5 4.72% 

Hedican, 2009 [52] 14 Confirmed 
Medical Records / 

Physician 
98 7 7.14% 

Honda, 1999 [53] NR NR 
Medical Records / 

Physician 
182 51 28.02% 

Ikeda, 1999 [54] 13 Confirmed 
Medical Records / 

Physician 
300 16 5.33% 

Ikeda, 1999 [54] 210 Probable 
Medical Records / 

Physician 
605 36 5.95% 

Ishikawa, 2000 [56] NR Confirmed 
Medical Records / 

Physician 
22 9 40.91% 

Jelacic, 2002 [57] NR Confirmed 
Medical Records / 

Physician 
131 25 19.08% 

Karch, 1997  [58] NR Confirmed NR 2313 2 0.09% 

Karmali, 1988 [59] NR Confirmed 
Medical Records / 

Physician 
5 5 100.00% 

Kawano, 2008 [60] 14 Confirmed 
Medical Records / 

Physician 
98.00 7.00 7.14% 

King, 2009 [61] NR Confirmed 
Medical Records / 

Physician 
63 17 26.98% 

King, 2009 [61] NR Probable 
Medical Records / 

Physician 
69 17 24.64% 

Kitajima, 2002 [62] NR Confirmed 
Medical Records / 

Physician 
2311 107 4.63% 

Kitajima, 2002 [62] NR Confirmed 
Medical Records / 

Physician 
614 107 17.43% 

Lerman, 1992 [95] 21 Confirmed NR 4 0 0.00% 

Liptakova, 2004 [63] NR Confirmed 
Medical Records / 

Physician 
14 3 21.43% 
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First Author 

Date of Publication 

Reference Number 

Time from E. coli 

O157 illness to 

evaluation for 

chronic sequelae 

(days) 

E. coli O157 

diagnosis 
Sequelae diagnosis 

Number of 

people with 

E. coli O157 

Number of 

people who 

developed 

sequelae 

Outcome 

Measure 

Estimate 

Ludwig, 1997 [64] 35 Other 
Medical Records / 

Physician 
6 1 16.67% 

MacDonald, 1996 [65] 21 Confirmed 
Medical Records / 

Physician 
25 0 0.00% 

MacDonald, 1988 [66] NR Confirmed 
Medical Records / 

Physician 
95 8 8.42% 

MacDonald, 1988 [66] NR Confirmed 
Medical Records / 

Physician 
30 8 26.67% 

McCarthy, 2001 [67] NR Confirmed 
Medical Records / 

Physician 
11 3 27.27% 

McDonnell, 1997 [68] NR Other 
Medical Records / 

Physician 
26 2 7.69% 

McDonnell, 1997 [68] NR Other 
Medical Records / 

Physician 
4 2 50.00% 

Milne, 1999 [94] NR Confirmed 
Medical Records / 

Physician 
3 2 66.67% 

Murray, 2000 [69] NR Confirmed NR 477 30 6.29% 

Murray, 2000 [69] NR Confirmed NR 144 30 20.83% 

Murray, 2000 [69] NR Probable NR 602 30 4.98% 

 

O'Donnell, 2002 [70] 

 

NR 

 

Confirmed 

 

Medical Records / 

Physician 

 

11 

 

0 

 

0.00% 

Olsen, 2002 [71] NR Probable NR 157 4 2.55% 

Orr, 1994 [72] NR Other 
Medical Records / 

Physician 
152 22 14.47% 

Orr, 1994 [72] NR Probable 
Medical Records / 

Physician 
521 22 4.22% 

Ostroff, 1990 [99] NR Confirmed 
Medical Records / 

Physician 
93 9 9.68% 

Pai, 1988 [93] Other Confirmed 
Medical Records / 

Physician 
137 2 1.46% 

Payne, 2003 [73] NR Other NR 24 3 12.50% 

Pebody, 1999 [74] NR Probable 
Medical Records / 

Physician 
15 3 20.00% 

Pierard, 1997 [75] NR Confirmed 
Medical Records / 

Physician 
29 3 10.34% 
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First Author 

Date of Publication 

Reference Number 

Time from E. coli 

O157 illness to 

evaluation for 

chronic sequelae 

(days) 

E. coli O157 

diagnosis 
Sequelae diagnosis 

Number of 

people with 

E. coli O157 

Number of 

people who 

developed 

sequelae 

Outcome 

Measure 

Estimate 

Pollock, 2010 [76] NR Probable 
Medical Records / 

Physician 
18 8 44.44% 

Raffaelli, 2007 [77] 10 Confirmed 
Medical Records / 

Physician 
11 2 18.18% 

Raffaelli, 2007 [77] 10 Probable 
Medical Records / 

Physician 
45 2 4.44% 

Remis, 1984 [78] NR Confirmed 
Medical Records / 

Physician 
28 1 3.57% 

Roberts, 2000 [79] NR Probable 
Medical Records / 

Physician 
71 10 14.08% 

Rowe, 1991 [80] NR Confirmed 
Medical Records / 

Physician 
72 6 8.33% 

Rowe, 1998 [81] 30 Confirmed 
Medical Records / 

Physician 
739 157 21.24% 

Rowe, 1994 [82] NR Confirmed 
Medical Records / 

Physician 
80 15 18.75% 

Rowe, 1994 [82] NR Probable 
Medical Records / 

Physician 
84 19 22.62% 

Salmon, 1989  [83] 7 Probable 
Medical Records / 

Physician 
26 1 3.85% 

Shimazu, 2000 [84] NR Probable NR 9523 121 1.27% 

Shiomi, 1999 [85] NR Confirmed 
Medical Records / 

Physician 
42 4 9.52% 

Takeda, 1998 [86] NR Confirmed 
Medical Records / 

Physician 
1271 107 8.42% 

Tserenpuntsag, 2005 

[87] 
NR Confirmed 

Medical Records / 

Physician 
238 36 15.13% 

Varma, 2003 [92] 42 Other 
Medical Records / 

Physician 
111 2 1.80% 

Varma, 2003 [92] 42 Probable 
Medical Records / 

Physician 
23 2 8.70% 

Wall, 1996 [88] NR Confirmed NR 173 36 20.81% 

Wall, 1996 [88] NR Confirmed NR 69 31 44.93% 

Willshaw, 1994 [89] NR Confirmed Other 8 1 12.50% 

Wong, 2000 [90] 14 Confirmed 
Medical Records / 

Physician 
71 10 14.08% 

Wood, 2001 [91] NR Probable Medical Records / 245 9 3.67% 
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First Author 

Date of Publication 

Reference Number 

Time from E. coli 

O157 illness to 

evaluation for 

chronic sequelae 

(days) 

E. coli O157 

diagnosis 
Sequelae diagnosis 

Number of 

people with 

E. coli O157 

Number of 

people who 

developed 

sequelae 

Outcome 

Measure 

Estimate 

Physician 

Yoshioka, 1999 [97] NR Probable 
Medical Records / 

Physician 
758 121 15.96% 

TTP       

Guh, 2008 [98] 58 Probable 
Medical 

Records/Physician 
14 1 7.14% 

Ostroff, 1990  [99] NR Confirmed 
Medical 

Records/Physician 
93 2 2.1% 

ReA       

Townes, 2008 [100] 42 Confirmed Other 395 1 0.25% 

*NR = Not Reported.  

**Pathogen diagnosis: Confirmed included those confirmed for E. coli O157 by culture, serology, or DNA based tests. Probable included cases of E. coli O157 that meet clinical 

case definition of study or were associated with an outbreak. Other included those where a case of HUS were considered positive for E. coli O157 in case definition. 

^ Sequelae diagnosis: Medical Records/Physician included those hospitalized for sequelae or diagnosed by a physician. Other included those studies which took multiple 

approaches to sequelae diagnosis. 
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Table 2.3: Results of subgroup meta-analysis for E. coli O157 and HUS from studies published prior to July 2011. 

Variable 
Summary 

Estimate 
Lower 95% CI Upper 95% CI I

2
 

Number of 

outcome measures 

Overall Estimate 13.1% 10.1% 17.1%, 91.3% 131 

Group Size      

Extra small 

(<50 cases) 
17.18% 13.90% 21.03% 48.90% 83 

Small 

(51 to 200 cases) 
13.33% 10.38% 16.97% 85% 32 

Medium 

(201 to 500 cases) 
7.80% 5.09% 11.78% 87% 7 

Large 

(501 to 1000 cases) 
10.02% 5.59% 17.31% 96.50% 5 

Extra large 

(> 1000 cases) 
4.25% 2.60% 6.88% 94.80% 4 
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Figure 2.1: Results from the literature search for studies relating to chronic sequelae 

associated with E. coli O157 published prior to July 2011. 

. 

 

  

*Inapplicable study designs were randomized control trial, laboratory based studies and those 

that selected sequelae cases and evaluated E. coli O157 exposure. 

Reasons for Exclusion: 

Not relevant to review question: 651 

Unobtainable: 71 

     47/71: Not available in English or 

French 

    13/71: Published before 1970 and  

               unobtainable 

    11/71: Unobtainable using available  

               resources. 

Did not contain information on outcomes 

of interest: 646 

Duplicates: 5 

After 2nd Screening Round 
860 

Reasons for Exclusion: 

Not related to pathogens of interest: 9925 

Not related to chronic disease in humans: 5672 

Inapplicable* study design: 2373 

After 3rd Screening Round 
138 

Total number of articles with 
relevant data on one or more 
foodborne pathogens (VTEC, 

Salmonella, Campylobacter) 

147 
 

Additional References Identified 
133 

Initial Search Results 
23453 

After Removal of Duplicates 
20048 

After 1st Screening Round 
2033 

Reasons for Exclusion: 

Duplicates: 3 

Not related to pathogens of interest: 348 

Not related to chronic sequelae of interest: 676 

Inapplicable study design/review article: 878 

Met Relevancy Screening 
42 

Number of articles where data were 
extracted 

9 

Number relating to  

E. coli O157 
81 
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Figure 2.2: Distribution of estimates of the proportion of E. coli O157 cases that developed 

haemolytic uraemic syndrome (HUS) from studies published prior to July 2011. 
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CHAPTER THREE 

Systematic review and meta-analysis of the proportion of Campylobacter cases that 

develop chronic sequelae  

ABSTRACT 

Context: Understanding of chronic sequelae development after Campylobacter infection is 

limited. Objective: To determine via systematic review and meta-analysis of the published 

international literature the proportion of Campylobacter cases that develop chronic sequelae. 

Data Sources: A systematic review of English articles published prior to July 2011 located using 

Pubmed, Agricola, CabDirect, and Food Safety and Technology Abstracts. Study Selection: 

Observational studies reporting the number of Campylobacter cases that developed reactive 

arthritis (ReA), Reiter’s syndrome (RS), haemolytic uraemic syndrome (HUS), irritable bowel 

syndrome (IBS), inflammatory bowel disease (IBD) ,Guillain Barré syndrome (GBS) or Miller 

Fisher syndrome (MFS) were included. Methods: Data extraction through independent 

extraction of articles by four reviewers (two per article) using predefined data fields. Meta-

analysis was performed using a random effects model and heterogeneity was assessed using the 

I
2 

value. Meta-regression was used to explore the influence of study level variables on 

heterogeneity. Results: A total of 31 studies were identified; 20 reported on ReA, 2 reported on 

RS, 9 reported on IBS, 3 studies reported on IBD, 8 reported on GBS, 1 reported on MFS and 3 

reported on HUS. The proportion of Campylobacter cases that developed ReA was 2.86% (95% 

CI 1.40% - 5.61%, I
2
 = 97.7%), irritable bowel syndrome was estimated at 4.01% (95% CI 

1.41% - 10.88%, I
2 

= 99.2%). Guillain Barré syndrome development was estimated at 0.07% 

(95% CI 0.03% - 0.15%, I
2 

= 72.7%). Conclusions: A significant number of Campylobacter 

cases will potentially develop a chronic sequela. Additional research into sources of 

heterogeneity is required to better inform burden of disease estimates.  
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INRODUCTION 

Globally Campylobacter causes acute gastrointestinal illness (AGI) in millions of people 

each year. In the United States there are a reported 43,698 cases of laboratory confirmed 

Campylobacter spp. annually with estimates of 845,024 (90% CI 337,031 – 1,611,083) cases 

yearly after adjusting for under-reporting and under-diagnosis [1]. In Canada, annual incidence 

rates of laboratory-confirmed illness are estimated at 28.4 cases of campylobacteriosis per 100 

000 [2], with actual case counts estimated to be 20-50 times greater than what is laboratory 

confirmed [3]. Those infected with Campylobacter bacteria can suffer from campylobacteriosis, 

with symptoms ranging from asymptomatic to severe abdominal pain, bloody diarrhea, vomiting, 

and fever. Complications associated with acute infection consist of bacteraemia, hepatitis, and 

pancreatitis. Potential long term health effects, or chronic sequelae, such as Guillain-Barré 

syndrome (GBS), reactive arthritis (ReA) or Reiter’s syndrome (RS), post-infectious irritable 

bowel syndrome (IBS) and inflammatory bowel disease (IBD) have also been associated with 

infection in the literature [4, 5].  

The most common species of Campylobacter associated with human illness are 

Campylobacter jejuni and Campylobacter coli [5]. Campylobacter bacteria are naturally present 

in digestive tracts of animals such as swine and poultry [6, 7], which present the opportunity for 

the bacteria to enter the food system. Improper food handling procedures lead to an increased 

risk of infection.   In addition to foodborne infections, Campylobacter transmission has been 

linked to travel, contaminated water, direct animal contact and person to person transmission [8]. 

Currently, burden of disease estimates that incorporate the proportion of cases of 

Campylobacter that develop severe, long term complications are based on limited information. 

For example, in Canada the Ontario Burden of Infectious Disease Study (ONBOIDS) [9] 
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attempted to capture the effects of these complications in estimates for disease burden. The 

percent of cases of Campylobacter that developed ReA, GBS and IBD were estimated at 1.7%, 

0.1% and 0.04% respectively. These estimates however were based on a single study from the 

Netherlands [10]. From the United States, updated estimates on the burden associated with 

foodborne illness did not capture chronic sequelae and considered only hospitalizations and 

deaths [1]. Because of the potential severity and chronic nature of post infection sequela, in order 

to develop true estimates for the burden of disease for Campylobacter, an accurate estimate for 

the proportion of cases that develop sequelae is needed. 

Systematic reviews are an established approach to identifying and summarizing a body of 

literature associated with a topic area [11]. Meta-analysis (the formal statistical pooling of data 

from multiple studies), can be used to develop an estimate for the proportion of individuals 

developing sequelae. Meta-regression allows for the exploration of study level factors that 

influence outcomes to assist with the interpretation of these estimates [12]. Although recently 

published reviews on the relationship between infection and chronic sequelae provide a glimpse 

into the challenges associated with quantifying the issues, none have aimed at informing BOD 

estimates.  The usefulness of findings from recent systematic reviews for foodborne disease or 

chronic sequelae are limited as they combine multiple pathogens [13], review the literature but 

are not formal systematic reviews [14-16] or do not present an estimate for the proportion of 

cases of Campylobacter that will go on to develop a sequelae [17-19]. Many of the reviews 

report potential reasons for differences in estimates for chronic sequelae development between 

studies [13, 17, 18] however exploration of the impact of these factors on the results reported in 

studies is limited. 
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The purpose of the systematic review and meta-analysis presented here was to develop an 

estimate for the proportion of cases of Campylobacter that develop ReA or RS, GBS or Miller 

Fisher syndrome (MFS), IBS, IBD including ulcerative colitis (UC) and Crohn’s disease 

(Crohn’s), and haemolytic uraemic syndrome (HUS) and use meta-regression to explore study 

level factors that might contribute to the range of outcomes reported. Due to the high incidence 

of infection and potential severity of these long term complications, systematically determining 

these proportions from multiple published estimates would assist in understanding the true 

burden of disease associated with Campylobacter. 

MATERIALS AND METHODS 

Literature Search and Inclusion-Exclusion Criteria/Data Variables  

The specifics of the literature search are described in detail in Chapter 2. Briefly, the 

following search terms were entered into four electronic databases to identify studies related to 

chronic sequelae of E. coli O157, Salmonella and Campylobacter; (‘Escherichia coli O157’, or, 

‘O157’, ‘VTEC’, ‘STEC’, ‘O157:H7’ or Salmonella or Campylobacter) and (‘sequel*’, ‘long-

term’, ‘long term’, ‘chronic ‘, ‘Guillain*’,’ HUS’, ‘hemolytic uremic syndrome’, ‘haemolytic 

uraemic syndrome’, ‘hemorrhagic uremic syndrome’, ‘haemorrhagic uraemic syndrome’, 

‘Reiter*’, ‘complication*’, ‘arthritis’, ‘irritable bowel syndrome’, ‘IBS’, ‘post infectious irritable 

bowel syndrome’ or ‘inflammatory bowel disease’), without language restrictions to identify 

citations from prior to July 2011. Reference lists from applicable studies were screened to 

identify additional studies not located in the original search. This chapter will focus on the results 

for Campylobacter and the chronic sequelae of  ReA including RS, GBS including MFS, HUS, 

IBS, and IBD including UC and Crohn’s. 
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Three levels of screening were performed which are described in detail in Chapter 2 and 

Appendices 1-3. The first and second rounds of screening were based on titles and abstracts only 

while the third round consisted of a review of full text articles. The first screening was performed 

by a single reviewer, and was conducted to exclude references that did not contain information 

on the pathogens of interest or those that were not the study designs of interest in the review 

(included observational study designs only). The second screening was performed independently 

by two reviewers per reference with differences solved by consensus. The purpose was to restrict 

the results to more specific pathogen subtypes (non-typhoidal Salmonella and Campylobacter 

species except for Campylobacter pylori) and chronic sequelae (ReA, RS, IBD, IBS, GBS, MFS, 

and GBS). Studies on Campylobacter pylori were excluded as it has been more recently 

reclassified as Helicobacter pylori. The third level of screening identified those publications that 

contained the information necessary to answer the research question and data extraction was 

performed on those that met the criteria.  Screening and data extraction were performed by four 

different researchers with two researchers independently reviewing each full text article. 

Conflicts were resolved via discussion to achieve consensus, with any remaining disagreements 

resolved by a third reviewer. Included studies were observational studies that provided details on 

the number of cases of Campylobacter that developed one or more of the chronic sequelae of 

interest. Studies reporting the opposite relationship, i.e. the number of cases of sequelae with 

evidence of past Campylobacter exposure, were excluded.  

Data were extracted on population (years and season for data collection, country and age 

range and gender distribution of Campylobacter cases), Campylobacter species, study 

directionality (retrospective vs. prospective), source of data (surveillance vs. outbreak vs. 

hospitalized cases), sequelae status prior to illness with Campylobacter, categories describing 
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both the Campylobacter diagnosis and the sequelae diagnosis, the length of time between 

Campylobacter infection and sequelae diagnosis (follow-up time) and outcomes (number of 

cases of Campylobacter, number of Campylobacter cases who developed chronic sequelae).  

Prospective studies were those where cases of Campylobacter were identified and the assessment 

for sequelae occurred at a time point in the future. Retrospective studies were those where both 

the identification as a case of Campylobacter and sequelae diagnosis had already occurred prior 

to the study initiation. Diagnosis of Campylobacter was categorized as confirmed or probable 

based on the description of diagnostic methods provided in each publication. Confirmed cases of 

Campylobacter were those where cases were identified by culture, serology or DNA-based tests 

and probable cases were those identified as a case based on the clinical case definition given in 

the study. Diagnoses of the sequelae were categorized as assessment by specialist, physician 

diagnosed/taken from medical records or self-reported. Season was classified as fall (September 

to November), winter (December to February), spring (March to May) and summer (June to 

August) in the northern hemisphere. In the southern hemisphere they were classified as fall 

(March through May), winter (June through August), spring (September through November) and 

summer (December to February). For the analysis, years of data collection were classified as 

decade based on when data collection first began. 

After data extraction, of which detailed instructions can be found in Appendix 4, studies 

on outcomes specific to Campylobacter were identified for inclusion in this chapter. Additional 

references were identified through screening of the reference lists from the included studies. 

Each combination of Campylobacter or sequelae diagnosis was considered as a separate outcome 

measure as some studies reported multiple methods of diagnosing both Campylobacter (e.g. a 

study reporting both probable and confirmed cases) and the sequelae (e.g. a study reporting self-



 

74 
 

reported and specialist confirmed cases of the sequelae) as well as multiple data sources (e.g. 

both outbreak associated and hospitalized cases). Based on these various classifications, it was 

possible to calculate multiple estimates from the same study for the proportion of cases of 

Campylobacter that developed a sequela. Therefore the term “outcome measure” was used to 

describe the probability of a case of Campylobacter developing a chronic sequela for a specific 

classification. 

Statistical Analysis  

The primary outcome for this review was the proportion of people with Campylobacter 

who developed a specific chronic sequela. This was calculated as the number of persons 

developing a sequela divided by the total number of cases of Campylobacter. Standard errors and 

confidence intervals for a single proportion were derived. Prior to analysis, to account for the 

influence of study size on the outcome, adjusted proportions were calculated using a logit 

transformation [20].  

logit outcome = ln 
 

   
    logit standard error =  

 

           

Where p is the proportion of people developing the sequela and n is the total number of cases of 

Campylobacter. 

All statistical analyses were performed in Stata Version 12 (Statacorp, 2012).  Meta-

analysis was performed using a random effects model and the DerSimonian and Laird method to 

derive the summary estimate [21]. Heterogeneity was assessed using the I
2 

value [22].  A count 

of 0.5 was added to or subtracted from the number of sequela cases to those reporting a chronic 

sequelae outcome of 0% or 100% respectively, to allow for inclusion in the meta-analysis. Meta-
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regression was used to explore potential sources of heterogeneity if the I
2 

value was higher than 

25% and if greater than 10 outcome measures were present for the sequela of interest [12]. The 

source of data, the method of diagnosing Campylobacter, Campylobacter species, method of 

diagnosing the sequelae, country, study directionality, group size (total number of cases included 

in study), years for data collection and follow-up time were considered as explanatory variables 

in the meta-regression.  

Categorical variables representing group size (number of cases of Campylobacter) and 

follow up time (time from diagnosis with Campylobacter to sequelae diagnosis) were generated 

for inclusion in the meta-regression. Group size was divided into extra small (n < 100), small (n 

= 100 to 500), medium (n = 501 to 1000), large (n = 1001 to 9999) and extra-large (n ≥ 10000). 

As follow-up time could potentially affect the chances of capturing a sequelae case, it was 

important to consider the length of time between Campylobacter diagnosis and assessment for 

the sequelae. Follow-up time was divided into four categories; less than a month (30 days), over 

30 days to less than 3 months (90 days), more than 90 days to less than a year, and a year (365 

days) or longer. Study date was classified by the earliest decade for data collection. Factors were 

only included in the meta-regression if there was variation in the factor among studies. 

Univariable analysis was performed to test for significance. Variables with a p-value of ≤ 0.05 in 

the univariable analyses were included in a backwards multivariable model and those that 

remained significant (p ≤ 0.05) were further explored with subgroup meta-analysis. Meta-

regression was performed using logit transformed outcomes and logit transformed within-study 

standard errors. 
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Quality Assessment 

 It was decided a priori not to use a pre-established quality scale. Instead those variables 

that were thought to indicate study quality were identified and incorporated into the data 

extraction tool. Ten criteria were used for the quality assessment; whether study type 

(retrospective vs. prospective) and the source of data (outbreak vs. surveillance vs. hospitalized 

cases) were described, reporting the method of diagnosis for both Campylobacter and for the 

sequelae, reporting follow-up time, reporting if sequelae cases were disease negative prior to 

campylobacteriosis, and providing relevant population information (country, gender distribution, 

age range). The definition for sequelae diagnosis was divided into two components; the method 

of diagnosis (physician diagnosed vs. self-reported) and if the specific diagnostic criteria used to 

assess the sequelae were provided. 

RESULTS 

Systematic Review 

Study Selection 

The results of the literature search are summarized in Figure 3.1. Of the 20048 unique 

citations identified, 860 required review of the full text article of which 646 were deemed 

inapplicable to the research question, 47 studies were not available in English or French, 13 were 

inaccessible because they were published before 1970 and could not be accessed and 11 were 

inaccessible using the databases available to us at the time of the search. After screening, 147 

studies underwent data extraction of which 31 contained relevant information on Campylobacter 

and chronic sequelae. 
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Reactive Arthritis  

Study Descriptions 

 Of the 30 studies investigating Campylobacter and chronic sequelae (Table 3.1), 20 

provided data on ReA. The 20 studies were from 9 countries with almost all (8/9) of the studies 

originating in Europe. Sixty percent (12/20) were based on surveillance data and of those the 

majority (58%, 7/12) were prospective in design. Of the five outbreak studies, 60% (3/5) were 

waterborne in origin. 

Outcome Measure 

 There were 25 different outcome measures described in the 20 publications, with two 

studies [29, 39] describing multiple outcome measures (Table 3.2). The proportions reported 

most often for the development of ReA after Campylobacter infection were less than 5% (Figure 

3.2). The sample size in the surveillance based studies ranged from 13 to 57425 confirmed cases 

of Campylobacter, with the probability of a case of Campylobacter developing ReA ranging 

from 0% to 24%.  The case numbers for outbreak studies ranged from 42 to 350 cases with the 

probability of developing ReA ranging from 0% to 1.5% for confirmed cases and 0.6% to 2.5% 

for probable cases. For hospital based studies case numbers ranged from 41 to 188 cases with the 

probability of developing ReA ranging from 1.2% to 5.36%. 

Quality Assessment 

 Thirty percent of studies (6/20) did not report the time from Campylobacter diagnosis to 

diagnosis of the sequelae (Table 3.2). Fifty-five percent (11/20) of studies did not report whether 

or not ReA cases were disease negative (did not have arthritis) at the time of diagnosis of 

campylobacteriosis. Age range and gender distribution were missing from 35% (7/20) and 40% 
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(8/20) of studies, respectively. Data source was reported in all studies however in one study it 

was not possible to determine study directionality. The method for Campylobacter diagnosis was 

reported in all studies but one, and the methods of sequelae diagnosis (physician vs. self-

reported) were reported in all studies. However, the specific diagnostic criteria for sequelae 

diagnosis were not provided for 40% (8/20) of studies.  

Meta-analysis/meta-regression 

 A total of 25 outcome measures were included in the meta-analysis for Campylobacter 

and ReA. The overall summary estimate of the proportion of cases of Campylobacter that 

developed ReA was 2.86% (95% CI 1.4% - 5.61%). Heterogeneity was high at 97.7% (Figure 

3.3). Due to high heterogeneity, exploration of factors influencing the outcome measure was 

performed using meta-regression. 

 Variables found to have a significant contribution to the heterogeneity of the summary 

estimate using univariable meta-regression were group size (p = 0.015), follow-up time (p = 

0.005) and Campylobacter species (p = 0.014). Due to the limited number of studies providing 

information for all of these factors (n = 12) and evidence of non-independence within studies (all 

of the medium size outcome measures were from the same study), multivariable analysis 

incorporating all three categories was not possible. Therefore all three of these factors were 

explored individually with subgroup meta-analysis. 

Based on follow-up time, the proportion of cases of Campylobacter that developed ReA 

ranged from 0.44% (95% CI 0.04% - 4.77%, I
2
 = 98.9%) in studies following patients for a year 

or more to 5.92% (95% CI 3.51% - 9.81%, I
2
 = 94.2%) in studies with a follow up of less than 

90 days (Table 3.3).  A lower proportion of cases of Campylobacter jejuni developed ReA 
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(3.29%; 95% CI 2.18% - 4.93%, I
2
 = 58.8%) versus those that were a mix of or unidentified 

species (8.27%; 95% CI 5.41% - 12.46%, I
2
 = 70.4%) (Table 3.3). Group size demonstrated a 

large range, in groups with case numbers of 10 000 or more the summary estimates for ReA was 

0.06% (95% CI 0.01% - 0.26%, I
2
 = 95.3%) of Campylobacter cases developing ReA versus 

4.55% (95% CI 1.99% - 10.07%, I
2
 = 66.7%) in those studies with under 100 cases (Table 3.3). 

Reiter’s Syndrome  

  A closely related subtype of ReA is Reiter’s syndrome (RS) which is characterized by 

arthritis in combination with conjunctivitis, and urethritis [17]. Two studies reporting on ReA 

also reported outcome measures specific to the related sequelae of RS. The proportion of culture 

confirmed cases of Campylobacter developing RS were 0% and 0.29%.  

Irritable Bowel Syndrome 

Study Descriptions 

 Nine studies provided information on Campylobacter and irritable bowel syndrome (IBS) 

(Table 3.1). The nine studies were from seven different countries, with one of the studies 

presenting both US and Italian data. The majority (77%, 7/9), were based on surveillance data 

and were prospective (89%, 8/9). Follow-up times ranged from three months (90 days) to three 

years (1080 days). 

Outcome Measures 

 From the nine studies, there were ten different outcome measures as one study [46] 

included more than one outcome measure. The proportion of confirmed cases of Campylobacter 

that developed IBS ranged from 0.03% to 0.89% in those studies reporting IBS diagnosis from 

medical records; 7.89% to 13.79% for those diagnosed using a self-report according to a 

validated scale (Rome I and Rome I modified [49] criteria or Rome II [50] criteria, 
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Gastrointestinal Symptom Rating Score [51]) and 2.63% to 16.63% in those that were self-

reported cases of IBS (Table 3.2). 

Quality Assessment 

 Data on age range and gender distribution were missing from 22% (2/9) and 44% (4/9) of 

studies respectively. Study directionality could be determined in all studies however the source 

of data was missing from one (Table 3.2). The time between Campylobacter diagnosis and 

diagnosis of IBS was reported in all studies. However, the method of diagnosing Campylobacter 

was missing from a single study. Six studies reported on whether or not cases were disease 

negative for IBS prior to the study and a single study included those with a history of IBS in their 

outcome measure.  The method of diagnosing IBS was reported in all studies but three studies 

did not provide the specific criteria for their diagnosis of IBS. 

Meta-analysis/Meta-regression 

 A total of 10 outcome measures were included in the analysis. The estimate for the 

proportion of cases of Campylobacter that developed IBS was 4.01% (95% CI 1.41% - 10.88%, 

I
2 

= 99.2%) (Figure 3.4). As with ReA, the high heterogeneity supported investigation of 

influencing variables with meta-regression. Due to the limited number of studies, group size was 

redefined as small (500 cases of Campylobacter or less), medium (501 to 1000 cases of 

Campylobacter) or large (over 1000 cases of Campylobacter). In univariable analyses, group size 

(p = 0.04), study directionality (p = 0.001) and the method of diagnosing IBS (p = 0.05) 

significantly contributed to the heterogeneity in the data. The limited number of studies and 

evidence that variables were associated (all large studies were retrospective, physician 
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diagnosed) prevented multivariable meta-regression. Subgroup meta-analysis was therefore 

performed for all significant factors.  

Subgroup meta-analysis demonstrated that the number of cases of Campylobacter that 

developed IBS in prospective studies was 8.64% (95% CI 6.36% - 11.66%, I
2 

= 83.7%) versus 

0.15% (95% CI 0.0048% - 4.75%, I
2
 = 99.4%) in retrospective studies (Table 3.4). The number 

of cases of Campylobacter that developed IBS varied between method of sequelae diagnosis 

with self-reported cases (using validated scale) estimated at 9.94% (95% CI 7.90% - 12.44%, I
2
 

= 73.6%) versus 5.27% (95% CI 0.84% - 26.84%, I
2 

= 68.0%) in self-reported cases and 0.15% 

(0.0048% - 4.75%, I
2
 = 99.4%) in cases of IBS identified from medical records. For studies with 

fewer than 100 cases of Campylobacter it was estimated that 13.56% (95% CI 5.76% - 28.74%, 

I
2
 = 0%) cases would develop IBS versus 0.15% (95% CI 0.0048% - 4.75%, I

2
 = 99.4) cases in 

those studies with greater than 10000 participants.  

Inflammatory Bowel Disease including Crohn’s Disease and Ulcerative Colitis 

 Inflammatory bowel disease is a term that encompasses two separate diseases, Crohn’s 

disease and ulcerative colitis which have closely related pathologies but are considered 

independent entities [50].  A single study reported the proportion of Campylobacter cases that 

developed IBD and two studies evaluated Crohn’s and UC . The proportion of culture confirmed 

Campylobacter cases developing IBD was 0.4%. For Crohn’s and UC, both studies were large 

retrospective surveillance studies. For confirmed cases of Campylobacter, 0.16% developed 

Crohn’s and 0.45% developed UC versus 0.047% developed Crohn’s and 0.07% developed UC 

in the study where the method of Campylobacter diagnosis was not reported.  
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Guillain Barré syndrome 

Study Descriptions 

 Eight studies provided estimates for the number of cases of Campylobacter that 

developed GBS (Table 3.1). The eight studies were from six countries. The majority (5/8) were 

based on surveillance data and with the data collected retrospectively (6/8). Follow up times 

ranged from two months to three years. 

Outcome Measures 

 From the eight studies there were ten different outcome measures (Table 3.2) as one 

study [54] reported multiple outcome measures. The proportion of confirmed cases of 

Campylobacter that developed GBS ranged from 0% to 2.08% with case numbers varying from 

24 to 29563 cases of Campylobacter (n = 4 studies). For probable cases of Campylobacter, the 

proportion developing GBS ranged from 0.01% to 1.02% with Campylobacter case numbers 

ranging from 98 to 8086 (n = 2 studies) (Table 3.2). 

Quality Assessment 

Data on age range and gender distribution of Campylobacter cases were missing from 

38% (3/8) and 50% (4/8) of studies, respectively (Table 3.2). The source of data and study 

directionality were reported in all studies. Two studies did not report the method of 

Campylobacter diagnosis. An additional two studies did not report follow-up time. Five studies 

reported on whether or not cases were disease negative prior to the onset of campylobacteriosis. 

All studies reported the method of diagnosis for the sequelae but the majority (62.5%, 5/8) did 

not report the specific diagnostic criteria used for their diagnosis of GBS. 
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Meta-analysis /Meta-regression 

 There were ten outcome measures between the 8 studies. Five of those reported no cases 

of GBS. The proportion of cases of Campylobacter that developed GBS was estimated at 0.07% 

(95% CI. 0.03% - 0.15%, I
2
 = 72.7%) (Figure 3.5). The influence of country, group size, 

Campylobacter and sequelae diagnoses, and data source (hospitalized cases, outbreak, and 

surveillance), study directionality (retrospective, prospective), Campylobacter species, 

publication date and follow-up time were assessed with meta-regression to evaluate potential 

sources of heterogeneity. Both group size (p = 0.001) and data source (p = 0.04) significantly 

contributed to heterogeneity. Multivariable meta-regression and subgroup analysis was not 

conducted given the limited data. 

Miller Fisher Syndrome 

 Miller-Fisher syndrome is considered a subtype of GBS [58]. One study reporting on 

GBS also reported outcome measures specific to MFS. Of the 457 cases of Campylobacter, none 

developed MFS (Table 3.2). 

Haemolytic Uraemic Syndrome 

 Three studies provided estimates for the proportion of cases of Campylobacter that 

developed HUS (Table 3.1). In a study of children hospitalized for Campylobacter infection, no 

cases of HUS were reported. The two surveillance based studies reported estimates of 0.005% 

and 0.003% (Table 3.2). 

DISCUSSION 

This study used the results of a systematic literature search and meta-analysis to provide 

estimates for the proportion of cases of Campylobacter that develop the chronic sequelae of 
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reactive arthritis, irritable bowel syndrome or Guillain Barré syndrome. Considering the high 

incidence of Campylobacter and the potential severity of its associated chronic sequelae, there 

was limited research available. Not enough data were available to develop summary estimates 

for inflammatory bowel disease and haemolytic uraemic syndrome. A strength of systematic 

reviews is that they attempt to systematically identify all information on a topic and present the 

methodology and results in a transparent and reproducible manner [11]. Even with the broad 

terminology used for the search terms and large number of potentially relevant citations 

identified in this review, only 30 studies for chronic sequelae associated with Campylobacter 

infection were identified internationally. Within these 30 studies, the occurrence of chronic 

sequelae following infection varied greatly.  For those sequela where sufficient publications were 

found to develop estimates using meta-analysis, the heterogeneity associated with these estimates 

was very high [22] indicating that the summary estimates must be interpreted with caution and 

within the context of those variables that were found through meta-regression to significantly 

influence heterogeneity.  

Multiple factors were found to significantly affect heterogeneity depending on the 

sequela being considered. Group size was the only factor that was consistently influential 

between sequela estimates, with smaller studies reporting a higher proportion of sequela. This 

effect could be attributed in part to differences in how sequela cases are captured between 

smaller outbreak studies and larger surveillance or registry based studies. Estimates from small 

studies may be higher as large population based studies may only identify the severe cases of 

sequela, while individuals in smaller studies may have been followed more closely increasing the 

likelihood that less severe cases are captured. This could be especially relevant to sequelae such 

as ReA or IBS in which severity would be influenced by personal perception [60] versus Guillain 
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Barré syndrome which is medically severe and is less likely to remain unidentified [16]. The 

effect of physician diagnosis versus self-report was seen in the meta-regression for IBS as studies 

using medical records had a much lower proportion of IBS cases than self-reported cases of IBS. 

Follow-up time was significant for ReA but not IBS and GBS. For reactive arthritis 

individual variation in disease symptoms and recovery has been reported along with a wide range 

of proposed timelines for disease development [17, 61]. Because of this, understanding of 

disease progression (from onset to recovery) is still unclear and no standard guidelines for 

disease duration have been accepted within the medical field; this could explain some of the 

variation in follow-up times used between studies. The association found between follow-up 

time and the development of reactive arthritis suggests a peak within the first 60 days after 

infection, indicating that future studies should consider designing their follow-up within that 

time period. It’s important however, to consider what other factors could contribute to this 

observed effect.  The association observed could be explained by differences in how studies 

assess a case of ReA and whether they were considering incident or prevalent cases at the time of 

follow-up. For example, cases captured after a one year follow-up could represent prevalent 

cases which developed ReA within the first 90 days and did not recover or could be new incident 

cases that took longer to develop and which were not present within those first 90 days. Given 

the minimal details provided on the specifics used to assess ReA in many of these studies, it was 

not possible to interpret the effect of incident vs. prevalent cases. Further investigation into 

disease duration is recommended as this could have significant effects on disease burden 

estimates. A large number of cases of ReA within the first few months after infection that 

recover without complication could require vastly different health care resources compared to 

long term chronic cases of ReA that require ongoing medical attention. 
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The lack of association between follow-up time and IBS and GBS diagnosis is difficult to 

interpret given the limited available data. For GBS half of the studies did not report follow up 

time, for IBS the lack of association could indicate more long term duration for the disease 

(cases remain cases over time) however the limited data available prevented full exploration of 

this theory. For all sequelae, the effect of follow up time would be greatly influenced by when 

the follow-up questions were administered and how they were worded. For example, something 

as simple as changing the wording from “are you currently suffering from any of the following 

symptoms?” to “have you ever suffered from any of the following symptoms since diagnosis 

with Campylobacter?” could yield different results. Due to the limited information reported in 

most publications surrounding the specifics of the approaches used; assessing what effect this 

would have on the results was not possible. 

For the other factors that significantly affected heterogeneity, the limited data available 

also need to be considered while interpreting the results. For directionality, which was significant 

for IBS, the number of studies prevented interpretation as the retrospective studies were also 

large surveillance studies with very low outcome estimates. Additionally, the effect of “method 

of diagnosis for the sequelae” should be interpreted with caution as the limited information for 

those studies identified as “cases taken from medical records” prevented distinguishing if the 

same scales were used in those studies classified as “self-reported based on validated scale”. In 

addition, interpretation can differ between physicians and lead to potentially biased results, for 

example ICD classification allows for subjective interpretation of symptoms [62]. Finally, the 

effect of Campylobacter species was significant for ReA however its true influence is impossible 

to distinguish as Campylobacter jejuni was included in the studies classified as mixed and 

therefore specific comparisons between the effects of species were not possible. A true 
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assessment of the effects of species on chronic sequelae development is not possible until more 

species and genotypes are reported on in the literature. Consequently, despite exploring factors 

affecting heterogeneity with meta-regression, the majority of this variation remains unexplained 

as heterogeneity remained high even with sub-group meta-analysis.  

The remaining high heterogeneity suggests that potentially influential factors were not 

captured in this review. This meta-regression focused on study level variables, such as study 

design, case definitions etc.  However host related factors such race, severity of acute illness, the 

age of Campylobacter cases and sequelae cases, medical history or immune status and pathogen 

related factors such as virulence and dose have been identified as potential influential factors in 

sequelae development [13, 58, 63]. As a result of the many factors that could potentially affect 

the likelihood of sequelae development, predicting the proportion of cases of Campylobacter that 

develop chronic sequelae is challenging.  

A first step in addressing this challenge would be to increase the accuracy of future 

estimates through additional high quality data. To accomplish this, it is important to consider 

potential reasons for the low number of studies which provided information on chronic sequelae, 

considering the large amount of research available on Campylobacter alone. The effect of lack of 

reporting of non-results could be influential. In many cases publications reported on the results 

for a specific sequelae and it was not possible to determine if other sequelae were in fact absent, 

were not evaluated, or were evaluated but not reported. Additionally, as under-reporting and 

under-diagnosis of foodborne diseases is well-established [3], there is the potential that cases of 

sequelae are not being linked to previous infection as these infections have not been identified. 

For sequelae that can take weeks or months to develop, a previous GI experience may never be 

linked and therefore not captured in the literature. 
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The limited information available not only affected our ability to explore heterogeneity in 

the data, it also raised questions surrounding our current understanding of these diseases. This is 

especially concerning in the case of GBS as the link with campylobacteriosis is widely accepted 

[4, 5, 15, 16, 18]. The basis for this assumption may be related to the numerous case-control 

studies published [16] on the topic that were excluded from this review because they considered 

GBS cases with evidence of previous Campylobacter exposure. Although this study design 

indicates a potential relationship, the lack of temporal relationship and the limited research 

identified by this systematic review indicate that perhaps the magnitude of the relationship 

between GBS and Campylobacter is not clear. As GBS infection has high mortality relative to 

the other sequelae, at 2 to 3 percent, and 15 to 20 percent of cases develop severe permanent 

neurological defects [16] further investigation into the role Campylobacter infection plays in 

GBS development is highly recommended. 

In addition, reporting of irritable bowel syndrome as a sequelae linked to Campylobacter 

in burden of disease/cost estimates is inconsistent [9, 64, 65, 66, 67]. The results of this 

systematic review support the inclusion of IBS in BOD estimates for Campylobacter. The lack of 

information available on IBD raises an interesting issue as it is often reported as linked to 

Campylobacter infection within BOD estimates. Our search located only three studies with 

information related to IBD. Both IBD and IBS are associated with similar symptoms, such as 

abdominal pain, bloating and diarrhea, with both occurring simultaneously in some cases [60]. 

This overlap introduces the possibility for misdiagnosis and under diagnosis of these sequelae. 

Discrepancies between terminology use, case definitions and diagnostic criteria and the lack of 

information available on the association between IBD and Campylobacter infection indicate the 

need for further research. 
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Terminology issues may be a concern with the other sequelae, such as with ReA and 

Reiter’s syndrome, as terminologies are used interchangeably and there are no standard 

classification or diagnostic criteria that are universally accepted by the medical community [68]. 

As many publications did not provide the details of their case definitions for the sequelae and 

case definitions varied greatly between studies determining the influence this might have on 

outcome measures was hard to estimate. Without distinct criteria being reported within the 

studies, it can be difficult to distinguish which syndromes are actually being assessed and 

whether they are the same between studies, thereby increasing the complexity involved with 

identifying relevant studies, contributing to inaccurate estimates and potentially to heterogeneity.  

Although the results of this meta-analysis can be used as a starting point to inform burden 

of disease estimates, the results should be interpreted in the context of the study variables. 

Inaccessible articles and language restrictions may have prevented the review from having a 

fully international perspective.  Because multiple outcomes were taken from some studies, the 

assumption of independence of estimates within studies was not met. For the sequelae that 

underwent meta-analysis, this could lead to deflated variance estimates and narrow confidence 

intervals for the proportion of cases of Campylobacter that develop a sequela. Due to the limited 

amount of data, the current approach for adjusting for non-independence by averaging the results 

[68] would have resulted in too few studies to explore with meta-regression and this approach 

was therefore not taken and should be acknowledged as a limitation to this meta-analysis. 

Additionally, the categorization of group size and follow-up time was a limitation to the meta-

regression as it introduced potential bias as the cut-off points were determined post hoc by the 

researchers based on the data. Inconsistencies in the case definitions used for probable cases of 

Campylobacter between studies could also affect the accuracy of the proportions reported. For 
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example, studies using a broader definition for a Campylobacter case would result in higher case 

numbers and a lower proportion for the sequela estimate versus a study with a more stringent 

definition for a Campylobacter case. An association between variables was observed as many 

variables varied together consistently across subgroups (for example extra-large populations 

were often prospective surveillance studies). Combined with these associations, the high 

heterogeneity and limited number of studies prevented a full meta-regression and sub group 

meta-analysis therefore all results must be interpreted with caution.  Further research using 

consistent case definitions for both Campylobacter and the sequelae is required to provide 

additional evidence to support or refute these estimates. 

Despite these limitations, the potential burden of long term health complications 

attributed to these diseases is important considering the high worldwide incidence of 

campylobacteriosis. Even using the low estimates for the proportion of cases that develop ReA, 

IBS or GBS, there is the potential for tens of thousands of sequelae cases yearly in North 

America alone. Considering the long term nature and potential severity of these associated health 

complications, this could contribute to a significant decrease in quality of life and a significant 

burden on health care systems worldwide.   

CONCLUSIONS 

 The proportion of Campylobacter cases developing chronic sequelae varied greatly 

depending on a variety of factors, not all of which were identified in this review. Estimates for 

the proportion of cases of reactive arthritis, irritable bowel syndrome and Guillain Barré 

syndrome were, 2.86% (95% CI 1.4% - 5.61%), 4.01% (95% CI 1.41% - 10.88%) and 0.07% 

(95% CI. 0.03% - 0.15) respectively. These results should be interpreted with caution due to the 

high heterogeneity and limited data which prevented detailed exploration of sources of 
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heterogeneity. Although these are the best estimates currently available based on all international 

sources, in order for more accurate estimates to be developed consistent diagnostic approaches 

and case definitions need to be implemented and reported in future research. 
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TABLES AND FIGURES 

Table 3.1: Population characteristics for studies relating to selected chronic sequelae of Campylobacter published before July 2011. 

First Author 

Date of 

Publication 

Reference 

Number 

Country Sequelae~ 

Age Range (for 

Campylobacter 

cases) 

% female (for 

Campylobacter 

cases) 

Source of 

Data 

Study 

Directionality 

Outbreak 

Source 

Date for 

data 

collection 

Season 

Pitkanen, 

1981 [31] 

Finland ReA All ages 46 
Hospitalized 

cases 
Other^ NA 1978-1980 All 

Wang, 2008 

[54] 

Taiwan GBS Youth+ 30 
Hospitalized 

cases 
Other NA 2000-2006 All 

Short, 1982 

[28] 
UK ReA NR NR 

Hospitalized 

cases 
Other NA 1979 Summer/Fall 

Rowe, 1991 

[59] 
Canada HUS Youth 60 

Hospitalized 

cases 
Prospective NA 

1985 - 

1988 
All 

Petersen, 1996 

[27] 
Denmark ReA All ages 49 

Hospitalized 

cases 
Prospective NA 1991-1993 All 

Saps, 2008 

[44] 

USA & 

Italy 
IBS Youth 48 

Hospitalized 

cases 
Prospective NA 2006 Summer/Fall 

Pitkanen, 1983 

[35] 
Finland ReA All ages 47 

Hospitalized 

cases 
Retrospective NA 1978-1981 All 

Spiller, 2000 

[48] 
UK IBS Adults 60 NR Prospective NA NR NR 

Spence, 2007 

[43] 

New 

Zealand 
IBS NR NR Other Prospective NA Pre-2006 All 

Melby, 1990 

[30] 
Norway ReA All ages 48.5 

Outbreak in 

community 
Prospective Waterborne Pre-1990 Spring/Summer 

Bremmel, 1991 

[42] 
Sweden ReA NR 55 

Outbreak in 

community 
Prospective NR 1981 Fall 

Gardner, 2011 

[57] 
USA GBS All ages 1 

Outbreak in 

community 
Prospective 

Food - 

vegetable 
2008 Summer/Fall 

Eastmond, 

1983 [39] 
Scotland ReA NR NR 

Outbreak in 

community 
Retrospective Food - dairy 1979 Winter 

McCarthy, 

1999 [53] 
Sweden GBS NR NR 

Outbreak in 

community 
Retrospective Waterborne 

1980,1994, 

1995 

Fall, Spring, 

Spring 

Locht, 2002 

[32]  
Denmark ReA Adults 56 Surveillance Other NA 1997-2000 All 
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First Author 

Date of 

Publication 

Reference 

Number 

Country Sequelae~ 

Age Range (for 

Campylobacter 

cases) 

% female (for 

Campylobacter 

cases) 

Source of 

Data 

Study 

Directionality 

Outbreak 

Source 

Date for 

data 

collection 

Season 

Helms, 2006 

[36] 

Denmark GBS 

IBD 

IBS 

HUS 

ReA 

All ages 50 Surveillance Retrospective NA 1991 - 

1999 

All 

Kosunen, 1981 

[26] 
Finland 

ReA 

RS 
NR NR Surveillance NR NA 

1978 - 

1979 
All 

Ponka, 1984 

[37] 
Finland ReA All ages NR Surveillance Prospective NA 

1978 - 

1991 
All 

Schiellerup, 

2008 [33] 
Denmark ReA Adults 57.1 Surveillance Prospective NA 2002-2003 All 

Dunlop, 2003 

[45] 
England IBS Adults nr Surveillance Prospective NA 1999-2002 All 

Hannu, 2002 

[29] 
Finland ReA All ages 59 Surveillance Prospective NA 1997-1998 All 

Doorduyn, 

2008 [38] 
Netherlands 

ReA 

RS 

GBS 

MFS 

IBS 

NR nr Surveillance Prospective NA 
2002-

2003, 2005 
NR 

Moss-Morris 

2006, [46] 

New 

Zealand 
IBS Adults 56 Surveillance Prospective NA 2002-2003 All 

Thornley, 2001 

[47] 
UK IBS Adults NR Surveillance Prospective NA 1997 Spring/Summer 

Townes, 2008 

[25] 
USA ReA All ages 50 Surveillance Prospective NA 2002-2004 All 

Jess, , 2011 

[52] 
Denmark 

Crohn’s 

UC 
All ages 50 Surveillance Retrospective NA 

1992 - 

2008 
All 

Gumpel, 1981 

[41]] 
England ReA All ages nr Surveillance Retrospective NA 1978 All 

Tam, 2006 [56] 
UK GBS NR NR Surveillance Retrospective NA 

1991 - 

2001 
All 

Scoenberg-

Norio, 2010 

[24] 

Finland ReA All ages 48.3 Surveillance Prospective NA 2002 Summer/Fall 
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First Author 

Date of 

Publication 

Reference 

Number 

Country Sequelae~ 

Age Range (for 

Campylobacter 

cases) 

% female (for 

Campylobacter 

cases) 

Source of 

Data 

Study 

Directionality 

Outbreak 

Source 

Date for 

data 

collection 

Season 

Ternhag, 2008 

[23] 
Sweden 

GBS 

ReA 

HUS 

IBS 

UC 

Crohn’s 

All ages 51 Surveillance Retrospective NA 1997-2004 All 

McCarthy, 

2001 [55] 
Sweden GBS All ages NR Surveillance Retrospective NA 1987-1995 All 

^ Other included combinations of both approaches. 

* NR = Not Reported. Population surveillance included laboratory and notifiable disease registries, sporadic cases and other population surveillance.  

+Youth were those younger than 18. Adults were ≥ 18 years. 

~ReA = reactive arthritis; RS = Reiter’s syndrome; GBS = Guillain Barré syndrome; MFS = Miller-Fisher syndrome; HUS = haemolytic uraemic syndrome; IBS = irritable bowel 

syndrome; IBD = inflammatory bowel disease; UC = ulcerative colitis; Crohn’s = Crohn’s disease. 
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Table 3.2: Outcome variables organized by chronic sequelae for studies relating to Campylobacter published prior to July 2011.  

First author 

Date of Publication 

Reference Number 

Species 

Sequelae negative 

prior to diagnosis 

with 

Campylobacter? 

Time from 

Campylobacter Diagnosis 

to Evaluation for 

Chronic Sequelae (Days) 

Diagnosis of 

Campylobacter 

Diagnosis of 

Sequelae 

Number of 

People with 

Campylobacter 

Number  

Developing 

Sequelae 

Outcome 

ReA         

Ternhag, 2008 [23] 
spp. NR 365 NR 

Physician/ 

medical 

records^ 

57425 15 0.03% 

Schoenberg-Norio, 2010 

[24] jejuni NR 60 Confirmed+ 

Physician/ 

medical 

records 

201 8 3.98% 

Townes, 2008 [25] 
NR 

All were disease 

negative 
42 Confirmed Combination 2384 33 1.38% 

Kosunen, 1981 [26] 
jejuni 

All were disease 

negative 
365 Confirmed 

Physician/ 

medical 

records 

342 8 2.34% 

Petersen, 1996 [27] 
mix NR NR Confirmed 

Physician/ 

medical 

records 

41 0 0% 

Short, 1982 [28] 
jejuni NR 240 Confirmed 

Physician/ 

medical 

records 

15 0 0% 

Hannu, 2002 [29] 
mix 

All were disease 

negative 
60 Confirmed 

Physician/ 

medical 

records 

609 45 7.39% 

Hannu, 2002 [29] 
mix 

All were disease 

negative 
60 Confirmed Combination 609 52 8.54% 

Hannu, 2002 [29] 
jejuni 

All were disease 

negative 
60 Confirmed Specialist 535 37 6.92% 

Hannu, 2002 [29] 
coli 

All were disease 

negative 
60 Confirmed Specialist 61 8 13.11% 

Hannu, 2002 [29] 
Undetermined 

All were disease 

negative 
60 Confirmed Specialist 13 0 0% 

Melby, 1990 [30] 
jejuni NR 42 Probable 

Self-reported 

disease status 
159 1 0.63% 
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First author 

Date of Publication 

Reference Number 

Species 

Sequelae negative 

prior to diagnosis 

with 

Campylobacter? 

Time from 

Campylobacter Diagnosis 

to Evaluation for 

Chronic Sequelae (Days) 

Diagnosis of 

Campylobacter 

Diagnosis of 

Sequelae 

Number of 

People with 

Campylobacter 

Number  

Developing 

Sequelae 

Outcome 

Pitkanen, 1981 [31] jejuni NR NR Confirmed 
Self-reported 

disease status 
56 3 5.36% 

Locht, 2002 [32] 
mix 

All were disease 

negative 
28 Confirmed 

Self-reported 

disease status 
173 27 15.61% 

Schiellerup, 2008 [33] 
NR No – excluded~ 60 Confirmed 

Self-reported 

based on 

validated scale 

1003 131 13.06% 

Hannu, 2004 [34] 
jejuni 

All were disease 

negative 
90 Probable Specialist 350 9 2.57% 

Pitkänen, 1983 [35] 
jejuni 

All were disease 

negative 
NR Confirmed Combination 188 9 4.79% 

Helms, 2006 [36] 
NR 

All were disease 

negative 
365 Confirmed 

Physician/ 

medical 

records 

17991 22 0.12% 

Ponka, 1984 [37] 
jejuni NR NR Confirmed 

Self-reported 

disease status 
283 6 2.12% 

Doorduyn, 2008 [38] 
NR NR 1080 Confirmed 

Self-reported 

disease status 
434 20 4.61% 

Eastmond, 1983 [39] 
jejuni 

All were disease 

negative 
90 Confirmed 

Physician/ 

medical 

records 

88 1 1.14% 

Eastmond 1983 [39] 
jejuni 

All were disease 

negative 
90 Confirmed 

Physician/ 

medical 

records 

42 0 0% 

Melby, 2000 [40] 
mix NR NR Probable 

Self-reported 

disease status 
77 2 2.60% 

Gumpel, 1981 [41] 
NR NR NR Confirmed 

Physician/ 

medical 

records 

33 8 24.24% 

Bremell, 1991 [42] 
NR NR 24 Confirmed 

Self-reported 

disease status 
66 1 

 

 

1.52% 
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First author 

Date of Publication 

Reference Number 

Species 

Sequelae negative 

prior to diagnosis 

with 

Campylobacter? 

Time from 

Campylobacter Diagnosis 

to Evaluation for 

Chronic Sequelae (Days) 

Diagnosis of 

Campylobacter 

Diagnosis of 

Sequelae 

Number of 

People with 

Campylobacter 

Number  

Developing 

Sequelae 

Outcome 

Reiter’s         

Kosunen, 1981 [26] jejuni 
All were disease 

negative 
up to 365 Confirmed NR 342 1 0.29% 

Doorduyn, 2008 [38] 
NR NR 1080 Confirmed 

Self-reported 

disease status 
457 0 0% 

IBS         

Ternhag, 2008 [23] 
spp NR 365 NR 

Physician/ 

medical 

records 

57425 15 0.03% 

Spence, 2007 [43] 
spp 

All were disease 

negative 
180 Confirmed 

Self-reported 

based on 

validated scale 

620 

 

49 

 

7.90% 

 

Thornley, 2001 [47]  
spp. 

All were disease 

negative 
180 Confirmed 

Self-reported 

based on 

validated scale 

188 17 9.04% 

Spiller, 2000 [48] 
NR NR 365 Confirmed 

Self-reported 

based on 

validated scale 

31 4 12.90% 

Helms, 2006 [36] 
NR 

All were disease 

negative 
365 Confirmed 

Physician/ 

medical 

records 

17991 161 0.89% 

Doorduyn. 2008 [38] 
NR No – included 1080 Confirmed 

Self-reported 

disease status 
457 12 2.63% 

Saps, 2008 [44] 
NR NR 180 Confirmed 

Self-reported 

disease status 
6 1 16.67% 

Dunlop, 2003 [45] 
jejuni/coli 

All were disease 

negative 
90 Confirmed 

Self-reported 

based on 

validated scale 

747 103 13.79% 

Moss-Morris, 2006 [46] 
NR 

All were disease 

negative 
90 Confirmed 

Self-reported 

based on 

validated scale 

775 83 

 

10.71% 
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First author 

Date of Publication 

Reference Number 

Species 

Sequelae negative 

prior to diagnosis 

with 

Campylobacter? 

Time from 

Campylobacter Diagnosis 

to Evaluation for 

Chronic Sequelae (Days) 

Diagnosis of 

Campylobacter 

Diagnosis of 

Sequelae 

Number of 

People with 

Campylobacter 

Number  

Developing 

Sequelae 

Outcome 

Moss-Morris, 2006 [46] NR 
All were disease 

negative 
180 Confirmed 

Self-reported 

based on 

validated scale 

748 59 7.89% 

IBD         

Helms, 2006 [36] NR 
All were disease 

negative 
365 Culture 

Physician/ 

Medical 

records 

17991 72 0.40% 

UC         

Ternhag, 2008 [23] 
spp. NR 365 NR 

Physician/ 

Medical 

records 

57425 42 0.07% 

Jess, 2011 [52] 
NR 

All were disease 

negative 
up to 16 years Confirmed 

Physician/ 

Medical 

records 

49420 223 0.45% 

Crohn’s         

Ternhag, 2008 [23] 
spp. NR 365 NR 

Physician/ 

Medical 

records 

57425 

27 

83 

0.05% 

0.17% 

Jess, 2011 [52] 
 

All were disease 

negative 
up to 16 years Confirmed 

Physician/ 

Medical 

records 

49420 83 0.17% 

GBS         

Ternhag, 2008 [23] 
spp. NR 90 NR 

Physician/ 

medical 

records 

57425 13 0.02% 

Gardner, 2011 [57] 
jejuni 

All were disease 

negative 
NR Probable 

Physician/ 

medical 

records 

98 1 1.02% 
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First author 

Date of Publication 

Reference Number 

Species 

Sequelae negative 

prior to diagnosis 

with 

Campylobacter? 

Time from 

Campylobacter Diagnosis 

to Evaluation for 

Chronic Sequelae (Days) 

Diagnosis of 

Campylobacter 

Diagnosis of 

Sequelae 

Number of 

People with 

Campylobacter 

Number  

Developing 

Sequelae 

Outcome 

 

McCarthy, 1999 [53] 

 

jejuni 

 

No – excluded 

 

180 

 

Probable 

Physician/ 

medical 

records 

 

8086 

 

0 

 

0% 

Wang, 2008 [54] 
coli NR NR Confirmed 

Physician/ 

medical 

records 

24 0 0% 

Wang, 2008 [54] 
jejuni NR NR Confirmed 

Physician/ 

medical 

records 

80 0 0% 

Wang 2008 [54] 
mix NR NR Confirmed 

Physician/ 

medical 

records 

104 0 0% 

McCarthy, 2001 [55] 
NR 

All were disease 

negative 
180 Confirmed 

Physician/ 

medical 

records 

29563 9 0.03% 

Helms, 2006 [36] 
NR 

All were disease 

negative 
365 Confirmed 

Physician/ 

medical 

records 

17991 6 0.03% 

Tam, 2006 [56] 
NR 

All were disease 

negative 
60 NR 

Physician/ 

medical 

records 

15587 3 0.02% 

Doorduyn, 2008 [38] 
NR NR 1080 Confirmed 

Physician/ 

medical 

records 

457 0 0% 

MF         

Doorduyn, 2008 [38] 
NR NR 1080 Confirmed 

Self-reported 

disease status 
457 0 0% 

HUS         

Ternhag, 2008 [23] 
spp. NR 90 NR 

Physician/ 

Medical 

records 

57425 2 0% 

Helms, 2006 [36] 
NR 

All were disease 

negative 
90 Confirmed 

Physician/ 

Medical 

records 

17991 1 0.01% 
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First author 

Date of Publication 

Reference Number 

Species 

Sequelae negative 

prior to diagnosis 

with 

Campylobacter? 

Time from 

Campylobacter Diagnosis 

to Evaluation for 

Chronic Sequelae (Days) 

Diagnosis of 

Campylobacter 

Diagnosis of 

Sequelae 

Number of 

People with 

Campylobacter 

Number  

Developing 

Sequelae 

Outcome 

Rowe, 1991 [59] 
NR 

All were disease 

negative 
NR Confirmed 

Physician/ 

Medical 

records 

72 0 0% 

*NR = Not Reported.  

^Medical Records/Physician includes those hospitalized for sequelae or diagnosed by a physician. 

+ Confirmed for Campylobacter are those confirmed by culture, DNA based tests or serology. Probable cases were based on case definition given in study. 

~No – excluded; Campylobacter cases with previous medical history of related sequelae were excluded from analysis. No-included; Campylobacter cases with previous medical 

history of related sequelae were not excluded from analysis. 
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Table 3.3: Results of subgroup meta- analyses for Campylobacter and reactive arthritis from studies published prior to July 2011. 

Variable Summary Estimate Lower 95% CI Upper 95% CI I2 
Number of outcome 

measures 

Overall Estimate 
2.86% 1.4% 5.61% 97.7% 25 

Follow Up Time 
     

Over a year 0.44% 0.04% 4.77% 98.9% 4 

≥ 3 months to < year 3.42% 14.84% 12.92% 91.0% 5 

< 3 months 5.92% 3.51% 9.81% 94.2% 11 

Species 
     

Jejuni 3.29% 2.18% 4.93% 58.8% 11 

Mix/undetermined 8.27% 5.41% 12.46% 70.4% 6 

Group Size      

Extra small 4.55% 1.99% 10.07% 66.7% 10 

Small 3.73% 1.99% 6.33% 87.1% 8 

Medium ^ ^ ^ ^ 3 

Large 4.41% 0.45% 32.02% 99.3% 2 

Extra large 0.06% 0.01% 0.26% 95.3% 2 

*Included combinations of jejuni, coli, spp and undetermined species. 

^Not calculated, no variation between variables of interest as all outcome measures were from the same study. 
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Table 3.4: Results of subgroup meta- analyses for Campylobacter and irritable bowel syndrome from studies published prior to July 2011. 

Variable Summary Estimate Lower 95% CI Upper 95% CI I2 
Number of outcome 

measures 

Overall Estimate 4.01% 1.41% 10.88% 99.2% 10 

Study Directionality      

Prospective 8.64% 6.36% 11.66% 83.7% 8 

Retrospective 0.15% 0.0048% 4.75% 99.4% 2 

Method of Assessing 

Sequelae 
     

Self-reported 5.27% 0.84% 26.84% 68.0% 2 

Self-reported based on 

validated scale* 
9.94% 7.90% 12.44% 73.6% 6 

Based on medical 

records 

0.15% 

 

0.0048% 4.75% 99.4% 2 

Group Size      

Small 13.56% 5.76% 28.74% 0.0% 2 

Medium 4.96% 1.43% 15.79% 91.2% 2 

Large 9.92% 7.52% 12.98% 83.6% 4 

Extra large 0.15% 0.0048% 4.75% 99.4 2 

* Questionnaires using self-reported responses to Rome I/Rome II criteria 
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Figure 3.1: Results from the literature search for studies relating to chronic sequelae associated with 

Campylobacter published prior to July 2011. 

 

  

*Inapplicable study designs were randomized control trial (RCT), laboratory based studies and 

those that selected sequelae cases and evaluated previous Campylobacter exposure. 

After 2nd Screening Round 
860 

Reasons for Exclusion: 

Not related to pathogens of interest: 9925 

Not related to chronic disease in humans: 5672 

Inapplicable *study design: 2373 

After 3rd Screening Round 
138 

Total number of articles with 
relevant data on one or more 
foodborne pathogens (VTEC, 

Salmonella, Campylobacter) 
147 

Additional References Identified 
133 

Reasons for Exclusion: 

Duplicates: 3 

Not related to pathogens of interest: 348 

Not related to chronic sequelae of interest: 676 

Inapplicable study design/review article: 878 

Reasons for Exclusion: 

Unobtainable: 71 

47/71: Not available in English or French 

13/71: Published before 1970 and 

unobtainable 

11/71: Unobtainable using available 

resources. 

Did not contain information on outcomes of 

interest: 646 

Duplicates: 5 

Met Relevancy Screening 
42 

Number of articles where data were 
extracted 

9 

Number relating to  

Campylobacter 
31 

Initial Search Results 
23453 

After Removal of Duplicates 
20048 

After 1st Screening Round 
2033 
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Figure 3.2: Distribution of estimates of the proportions of Campylobacter cases that develop reactive arthritis 

from studies published prior to July 2011. 
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Figure 3.3: Forest plot of the proportion of cases of Campylobacter that develop reactive arthritis from studies 

published before July 2011. 
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Figure 3.4: Forest plot of the proportion of cases of Campylobacter that develop irritable bowel syndrome from studies 

published before July 2011. 
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Figure 3.5: Forest plot of the proportion of cases of Campylobacter that develop Guillain Barré syndrome from studies 

published before July 2010. 
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CHAPTER FOUR 

Systematic review and meta-analysis of the proportion of non-typhoidal Salmonella 

cases that develop chronic sequelae 

ABSTRACT  

Context: Understanding of chronic sequelae development after non-typhoidal Salmonella 

infection is limited. Objective: To determine via systematic review and meta-analysis of the 

published international literature the proportion of non-typhoidal Salmonella cases that develop 

chronic sequelae. Data Sources: A systematic review of English articles published prior to July 

2011 using Pubmed, Agricola, CabDirect, and Food Safety and Technology Abstracts. Study 

Selection: Observational studies reporting the number of non-typhoidal Salmonella cases that 

developed reactive arthritis (ReA), Reiter’s syndrome (RS), haemorrhagic uraemic syndrome 

(HUS), irritable bowel syndrome (IBS), inflammatory bowel disease (IBD) or Guillain Barré 

syndrome (GBS), or Miller-Fisher syndrome (MFS) were included. Methods: Data extraction 

was done via independent extraction of articles by 4 reviewers (2 per article) using predefined 

data fields. Meta-analysis was performed using random effects models and heterogeneity was 

assessed using the I
2 

value. Meta-regression was used to explore the influence of study level 

variables on heterogeneity. Results: A total of 32 studies were identified; 25 reported on ReA, 5 

reported on RS, 7 reported on IBS, 2 reported on IBD, 2 reported on GBS, 1 reported on MFS, 2 

reported on HUS. The proportion of cases of Salmonella that developed ReA was 5.75% (I
2
 = 

98.7%), and IBS was estimated at 3.25% (I
2 

= 98.6%) Conclusions: A significant number of 

Salmonella cases will potentially develop a chronic sequela. A large amount of heterogeneity 

remaied unexplained; additional research into sources of heterogeneity and other potential 

sequelae is required to better inform burden of disease estimates.  
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INTRODUCTION 

 Non-typhoidal Salmonella is an important foodborne pathogen in both developed and 

underdeveloped nations. Since 2000, Salmonella has been the focus of worldwide surveillance 

efforts through the World Health Organization’s (WHO) Salm-Surv and Global Foodborne 

Infections Network (GFN) due to its worldwide global impact [1]. It is estimated that there are 

93.8 million cases of non-typhoidal salmonellosis worldwide which results in approximately 

155,000 deaths per year [2]. In Canada in 2008, the annual incidence of laboratory confirmed 

Salmonella was reported at 18.2 cases per 100,000 population [3]. Adjusting for under-reporting 

and under-diagnosis estimates an additional 13 to 37 community cases of salmonellosis per 

laboratory confirmed case [4]. In the United States, non-typhoidal salmonellosis is associated 

with 41,930 laboratory confirmed cases annually with an estimated 1,027,561 (90% CI 644,786-

1,679,667) cases annually after adjusting for under-reporting and under-diagnosis [5].  

Symptoms associated with acute salmonellosis include diarrhea, fever, headache and 

abdominal pain although some cases are asymptomatic [6]. Severe diarrhea can lead to 

hospitalization or death. Salmonellosis is associated with acute complication such as abscesses, 

appendicitis, pancreatitis and bacteremia (which can lead to meningitis or pneumonia) [6]. 

Infection has also been implicated in the development of long term health consequences, or 

chronic sequelae, such as reactive arthritis (ReA) or Reiter’s syndrome (RS) [7] and irritable 

bowel syndrome (IBS) [8]. More recently, the emergence of antimicrobial resistant Salmonella 

strains are a growing public health concern as they are linked to increasing occurrence and 

severity of disease as well as an increase in treatment failures [9]. 

 Common sources of infection include contaminated food, such as meat, eggs and produce 

[10,11] and via the fecal-oral route after contact with infected pets or animals [12]. The bacteria 
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are normally found in the intestinal tracts of birds, swine and cattle [10, 12]. There are over 2500 

identified Salmonella serotypes and while the majority are able to cause disease in humans, the 

most common sources of infection in humans are Salmonella enteritidis and Salmonella 

typhimurium [12]. 

The majority of salmonellosis cases are foodborne in origin, with estimates as high as 

85% of global non-typhoidal Salmonella cases attributed to foodborne exposure [2]. As 

foodborne diseases, such as salmonellosis, are considered preventable they provide an excellent 

opportunity for public health education and interventions. Burden of disease (BOD) estimates 

can be used as a tool by researchers and policy makers to help prioritize funding and identify 

intervention opportunities. Efforts have been made in many developed countries to estimate the 

burden of disease and costs associated with foodborne diseases such as Salmonella; however the 

results are often limited to measures of acute illness, hospitalizations and mortality [2-5, 13, 14]. 

Inclusion of long term health complications is rare [15] and as no comprehensive estimates for 

the proportion of cases of Salmonella that develop chronic sequelae are available, capturing the 

costs and impacts associated with long term health complications is challenging.  

A systematic review provides an opportunity to assess all of the available literature on a 

topic in a transparent and reproducible manner [16]. Meta-analysis allows for the statistical 

integration of results across studies and the development of a combined summary estimate while 

meta-regression can assist with interpretation of these estimates through the exploration of 

influential study level factors [17]. The purpose of this systematic review and meta-analysis was 

to develop an estimate for the proportion of cases of Salmonella that develop ReA or RS, IBS, 

Guillain-Barré syndrome (GBS), Miller Fisher syndrome (MFS), haemolytic uraemic syndrome 

(HUS), inflammatory bowel disease (IBD) including ulcerative colitis (UC), and Crohn’s disease 
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(Crohn’s) and to use meta-regression to explore the study level variables that contribute to 

variation among estimates. As the specific chronic sequelae that are linked to Salmonella, and 

the frequency of these complications has not been summarized using meta-analysis, accurate 

estimates for the proportion of cases of Salmonella that develop specific chronic sequelae could 

assist these disease burden/cost estimate efforts.   

MATERIALS AND METHODS 

Literature Search and Inclusion-Exclusion Criteria/Data Variables  

Full details of the literature search can be found in Chapter 2. In summary, the following 

search terms were entered into four electronic databases; (‘Escherichia coli O157’, or, ‘O157’, 

‘VTEC’, ‘STEC’, ‘O157:H7’ or ‘Salmonella’ or ‘Campylobacter’) and (‘sequel*’, ‘long-term’, 

‘long term’, ‘chronic’, ‘Guillain*’, ‘HUS’, ‘hemolytic uremic syndrome’, ‘haemolytic uraemic 

syndrome’, ‘hemorrhagic uremic syndrome’, ‘haemorrhagic uraemic syndrome’, ‘ Reiter*’, 

‘complication*’, ‘arthritis’, ‘irritable bowel syndrome’, ‘IBS’, ‘post infectious irritable bowel 

syndrome’ or ‘inflammatory bowel disease’), without language restrictions to identify citations 

from prior to July 2011. This chapter will focus on the results for Salmonella and the chronic 

sequelae of ReA including RS, IBS, IBD including UC and Crohn’s, GBS including MFS, and 

HUS. The reference lists of the included studies were reviewed to identify additional studies not 

located by the initial search. 

Three levels of screening were performed and are described in full in Chapter 2. The 

specifics of the screening questions are detailed in Appendices 1-3. The first level of screening 

was performed by a single reviewer using titles and abstracts and excluded references that did 

not include information on the three pathogens of interest (Campylobacter, E. coli O157 and 
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non-typhoidal Salmonella), did not discuss chronic disease in humans or were not the study 

designs of interest (excluded designs included laboratory based studies, randomized control trials 

and reviews). The second level of screening, also based on titles and abstracts, was performed by 

two independent reviewers per reference with conflicts resolved by consensus. This level 

restricted results to specific pathogen types, excluding Salmonella typhi and Salmonella 

paratyphi, and chronic sequelae of interest (ReA, RS, IBS, IBD, UC, Crohn’s, GBS, MFS and 

HUS). The third and final round of screening was performed using the full text publications and 

identified studies with the information required to answer the research question. Those that met 

these screening criteria then underwent data extraction. This was performed by four researchers 

with two independent reviewers screening and extracting data from each full text article. 

Conflicts were resolved via consensus with input from a third reviewer where required. Data 

were extracted from observational studies that provided details necessary to estimate the 

proportion of cases of the three foodborne pathogens that developed chronic sequelae. This 

chapter presents the results for non–typhoidal Salmonella. Those publications that presented the 

opposite relationship, the number of sequelae cases with evidence of past Salmonella exposure, 

were excluded.  

Data were extracted on population (year, country, age range and gender distribution for 

Salmonella cases), Salmonella species or serotype, study directionality (retrospective vs. 

prospective), source of data (surveillance vs. outbreak vs. hospitalized cases), season and decade 

of data collection, if sequelae cases were disease negative prior to salmonellosis, categories 

describing both the Salmonella diagnosis and sequelae diagnosis, the length of time between 

Salmonella diagnosis and sequelae diagnosis (follow-up time) and outcomes (number of cases of 

Salmonella, number of Salmonella cases who developed a chronic sequela). Prospective studies 
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were those where cases of Salmonella were identified and the assessment for sequelae occurred 

at a time point in the future. Retrospective studies were those where both the identification as a 

case of Salmonella and sequelae diagnosis had already occurred prior to data collection for the 

study. Diagnosis of Salmonella was categorized as confirmed or probable based on the 

description of diagnostic methods provided in each publication.  Confirmed cases of Salmonella 

were those where cases were identified by culture, serology or DNA-based tests and probable 

cases were those identified as a case based on the clinical case definition given in the study. 

These included self-reported illness from survey data and cases without specific diagnostic test 

results that were linked to outbreaks. Diagnoses of the sequela were categorized as assessment 

by specialist, physician diagnosed/taken from medical records, self-reported based on validated 

scale or self-reported.  

Detailed instructions for the data extraction process for all three foodborne pathogens can 

be found in Appendix 4. Studies with outcomes specific to Salmonella were identified for 

inclusion in this chapter. The outcome of interest for this systematic review was the proportion of 

Salmonella cases that developed a chronic sequela. As some publications reported multiple 

methods of diagnosing both Salmonella (e.g. a study reported both probable and confirmed 

cases) and the sequelae (e.g. a study reported both self-reported and specialist confirmed cases of 

the sequelae), as well as multiple data sources (e.g. both outbreak associated and hospitalized 

cases), it was possible to create multiple estimates from the same study for the proportion of 

cases of Salmonella that developed a sequela. Therefore the term “outcome measure” was used 

to describe the probability of a case of Salmonella developing a chronic sequela for each of these 

various combinations. 
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Statistical Analysis  

For each outcome measure, the proportion of Salmonella cases that developed specific 

chronic sequela was calculated as the number of persons developing a sequela divided by the 

total number of cases of Salmonella. Standard errors and confidence intervals for a single 

proportion were derived. Prior to analysis, to incorporate the influence of study size on the 

outcome, adjusted proportions were calculated using a logit transformation [18]. 

logit outcome = ln 
 

   
    logit standard error =  

 

           

Where p is the proportion of people developing the sequelae and n is the total number of cases of 

Salmonella. 

All statistical analyses were performed in Stata Version 12 (Statacorp 2012). Meta-

analysis was performed using a random effects model and the DerSimonian and Laird method to 

derive the summary estimate [19]. Heterogeneity was assessed using the I
2 

value, where values 

closer to 100% indicate heterogeneity is due to actual differences between the studies and those 

closer to 0% indicate heterogeneity is due to chance [20]. To allow for inclusion in the meta-

analysis, a count of 0.5 was added or subtracted from the number of sequelae cases in those 

reporting a chronic sequelae outcome of 0% or 100% respectively [21]. Meta-regression was 

used to explore potential sources of heterogeneity if the I
2
 value was higher than 25% and if 

greater than 10 outcome measures were present for the sequela of interest. The source of data 

(outbreak vs. surveillance vs. hospitalized cases), the method of diagnosing Salmonella, 

Salmonella species or serotype, the method used to diagnose the sequela, disease status prior to 
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illness with Salmonella, country, study directionality, study decade, season, group size and 

follow-up time were considered as explanatory variables in the meta-regression. 

Categorical variables representing season, decade of study, group size (number of 

Salmonella cases) and follow-up time (time from diagnosis with Salmonella to sequelae 

diagnosis) were generated from the data provided in the studies for use in meta-regression. In the 

northern hemisphere season was categorized as fall (September to November), winter (December 

to February), spring (March to May) and summer (June to August). In the southern hemisphere 

season was classified as fall (March through May), winter (June through August), spring 

(September through November) and summer (December to February). Decade of study was 

classified based on the decade when data collection began. Group size was divided into small (n 

≤ 100), medium (n = 101 to 1000), large (n = 1001 to 10000), and extra-large (n = > 10000). Due 

to the transient nature and varying duration of symptoms associated with many sequelae, follow-

up time was divided into three categories; less than 3 months (90 days), over 90 days to less than 

a year (365 days) and a year (365 days) or longer.  Using meta-regression, significance was 

determined first by univariable analysis (p ≤ 0.05 was considered significant), then significant 

variables were included in a backwards multivariable model. Meta-regression was performed 

using logit transformed outcomes and logit transformed within-study standard errors.  Those 

variables that remained significant (p ≤ 0.05) were further explored with subgroup meta-analysis 

if there were a minimum of two or more outcome measures per sub-category.   

Quality Assessment 

 A pre-established quality scale was not used; alternately those variables that were thought 

to indicate study quality were included in the data extraction tool. The variables considered were; 

whether study directionality (retrospective vs. prospective) and the source of data (outbreak vs. 
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surveillance vs. hospitalized cases) were described, reporting the method of diagnosis for both 

Salmonella and for the sequela, reporting follow-up time, reporting if sequelae cases were 

disease negative prior to salmonellosis, and providing relevant population information (country, 

gender distribution, age range). The definition for sequela diagnosis was divided into two 

components; the method of diagnosis (physician diagnosed vs. self-reported) and if specific 

diagnostic criteria were provided. 

RESULTS 

Systematic Review 

Study Selection 

The results of the systematic literature search are summarized in Figure 4.1. The search 

returned a total of 20048 unique references pertaining to all three pathogens. From those, 860 

were identified as requiring screening of the full publication and of those 646 were deemed 

irrelevant, forty seven publications were not available in English or French, 13 were inaccessible 

because they were published before 1970 and could not be accessed and 11 were inaccessible 

using the databases available to us at the time of the search.  After screening and identification of 

relevant articles from reference lists there were 147 publications that met the inclusion criteria of 

which 32 contained information on Salmonella and chronic sequela.  

  



 

122 
 

Reactive arthritis  

Study Descriptions 

 Of the 32 studies investigating Salmonella and chronic sequelae (Table 4.1), 25 provided 

outcome measures for reactive arthritis (ReA). Most studies reported estimates of fewer than 

10% of Salmonella cases developing ReA (Figure 4.2). The 25 studies were from 11 countries, 8 

of which were European. Seventeen were based on outbreaks and of those that reported source (n 

= 16) all but one were foodborne and 44% (7/16) of those were attributed to contaminated meat. 

Of the seven surveillance studies, five were prospective in design. There was only a single study 

of hospitalized cases of salmonellosis. For all studies, follow-up times ranged from 28 to 1080 

days (3 years) (Table 4.2). 

Outcome Measures 

 From the 25 studies reporting on Salmonella and ReA there were 42 different outcome 

measures (Table 4.2), as 13 studies provided multiple outcome measures. In all of the 

surveillance based studies except for one which was unreported [42], cases were laboratory 

confirmed for Salmonella. The number of cases of Salmonella ranged from 61 to 34664 persons, 

with the probability of a case developing ReA ranging from 0.08% to 25.76%. For outbreak 

studies, confirmed cases of Salmonella ranged from 63 to 418 cases with the proportion of cases 

developing ReA varying from 1.91% to 62.5%. The case numbers for probable cases of 

Salmonella from outbreaks ranged from 29 to 330 persons with 0.17% to 29.03% of cases 

developing ReA.  
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Quality Assessment 

 The majority (84%, 21/25) of studies reported the time from Salmonella diagnosis to 

diagnosis for ReA. Nine studies (36%) did not report whether or not cases were disease negative 

(did not have arthritis) prior to illness with Salmonella. Age range and gender distribution of 

Salmonella cases were missing from 24% (6/25) and 16% (4/25) of studies respectively. Data 

source (surveillance vs. hospitalized cases vs. outbreak) and study directionality (retrospective 

vs. prospective) were reported in all studies. The method for how Salmonella was diagnosed was 

not reported in a single study and the method for sequelae diagnosis was reported in all studies. 

The specific diagnostic criteria used in sequelae diagnosis was not reported in six studies. 

Meta-analysis/Meta-regression 

 A total of 42 outcome measures were included in the meta-analysis for Salmonella and 

reactive arthritis. The overall estimate of the proportion of cases of Salmonella that developed 

reactive arthritis was 5.75% (95% CI 3.16% to 10.25%, I
2 

= 98.7%) (Figure 4.3). Because of the 

high heterogeneity, meta-regression was used to explore potential sources. 

 Variables found to significantly contribute to the heterogeneity of the summary estimate 

in univariable analysis were group size (p < 0.0001), country (p = 0.046), source of data (p = 

0.014), follow-up time (p < 0.001) and sequelae diagnosis (p = 0.013). In the multivariable 

analysis, only group size remained significant (p = 0.037). As group size was associated with the 

other biologically significant factors and could potentially be acting as a proxy (data not shown), 

the model was run excluding the group size variable. Both follow up time (p = 0.001) and 

method of sequelae diagnosis (p = 0.045) remained significant. 
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Subgroup meta-analysis estimated the proportion of cases of Salmonella that developed 

ReA as 12.0% (7.71% to 18.24%, I
2 

=
 
94%) in studies where follow-up occurred within 90 days 

compared to 0.36% (0.18% to 0.71%, I
2 

= 95.40%) in those that occurred a year or longer after 

Salmonella infection (Table 4.3). In a separate subgroup meta-analysis, the method of diagnosis 

was significant with proportions of ReA estimated as 7.73% (5.90% to 10.07%, I
2
 = 27.1%) in 

cases confirmed by a specialist, 2.58% (0.88% to 7.32%, I
2
 = 98.9%) in cases identified by 

medical records, 16.64% (14.02% to 19.67%, I
2
 = 44.5%) in those that were self-reported using a 

validated scale and 11.05% (5.46% or 21.05%, I
2 

= 95.3%) in self-reported cases. 

 Subgroup meta-analysis estimated the proportion of cases of Salmonella that developed 

ReA to be 14.22% (95% CI 10.26% to 19.40%, I
2
 = 62.7%) in groups of less than 100 cases (n = 

11), 9.04% (95% CI 6.37% to 12.68%, I
2
 = 93.6% ) in groups greater than 100 but less than 1000 

(n = 24), 0.45% (95% CI 0.16% to 1.22%, I
2
 = 92.8%) in studies with greater than 1000 but less 

than 10000 cases (n = 3) and 0.21% (95% CI 0.09% to 0.45%, I
2
 = 95.7%) in studies with over 

10000 cases (n = 3) (Table 4.3). 

Reiter’s Syndrome 

 Reiter’s syndrome is related to reactive arthritis and is diagnosed based on a triad of 

symptoms; arthritis in combination with conjunctivitis and urethritis [7]. Five studies, each with 

one outcome measure, were available for Salmonella and Reiter’s syndrome. Four studies were 

based on outbreaks and the proportion of Reiter’s syndrome ranged from 0% to 6.90%. One 

publication presented reactive arthritis and Reiter’s syndrome in combination, with the 

proportion of cases that developed either sequela equal to 6.57%.  

  



 

125 
 

Irritable Bowel Syndrome 

Study Descriptions 

 Seven of the thirty-two studies provided information on Salmonella and irritable bowel 

syndrome (IBS) (Table 4.1). The seven studies were from seven different European countries, 

with one of the studies presenting both US and Italian data. Design types were equally split 

among outbreak (3/7) and surveillance (3/7) studies with one study of hospitalized cases. The 

majority (71%, 5/7) were prospective and follow up times ranged from three months (90 days) to 

three years (1080 days) (Table 4.2). 

Outcome Measures 

 From the s7 studies, there were 12 different outcome measures as 2 studies [30, 46] 

reported multiple outcomes (Table 4.2). For surveillance based studies, the number of cases of 

Salmonella varied from 193 and 34664. All were confirmed cases of Salmonella and the 

proportion of Salmonella cases developing IBS ranged from 0.01% to 6.22%. Outbreak studies 

ranged from 38 to 367 Salmonella cases of which none were confirmed for Salmonella and IBS 

occurred in 7.36% to 31.58% of cases. 

Quality Assessment 

 Data on age range of the Salmonella cases were not reported in one study and two studies 

did not report information on gender distribution of Salmonella cases. Study directionality and 

source of data were reported in all studies. The method of diagnosis for Salmonella was not 

reported in one publication. Follow-up time was reported in all studies but three studies did not 

report on whether or not all Salmonella cases were disease negative for IBS prior to the onset of 
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Salmonella. All studies reported the method of diagnosing IBS (e.g. physician vs. self-reported) 

however the specific diagnostic criteria used were not reported in four of the studies. 

Meta-analysis/Meta-regression 

 A total of 12 outcome measures were included in the analysis as two studies reported 

multiple outcome measures. The estimate for the proportion of cases of Salmonella that 

developed IBS was 3.25% (95% CI 1.58% to 6.57%, I
2 

= 98.7) (Figure 4.4). In univariable 

analyses, group size (< 0.001), country (p = 0.006), source of data (p = 0.014), study 

directionality (p = 0.001), and method of IBS diagnosis (p = 0.008) significantly contributed to 

the heterogeneity in the data. Age range of Salmonella cases (p = 0.057) was borderline 

significant. Due to the potential biological significance and implications in BOD measures, age 

range was included in the model. In a multivariable analysis, all variables remained significant 

except for group size. Due to the limited number of studies sub-group meta-analyses of these 

factors was not possible.  

Inflammatory Bowel Disease including Crohn’s Disease and Ulcerative Colitis 

Inflammatory bowel disease (IBD) is a term used to encompass two diseases, Crohn’s 

disease and ulcerative colitis, which share similar symptomology and pathogenesis but are 

considered as separate diseases [50]. Two studies reported a total of five different outcome 

measures for Salmonella and IBD (Table 4.2). All were surveillance studies of confirmed cases 

of Salmonella with the proportion of Salmonella cases developing IBD ranging from 0.34% to 

6.22%. Two studies reported results for Crohn’s disease. Both were large retrospective studies 

where the occurrence of Crohn’s disease was 0.04% and 0.19%. Three studies reported on the 

proportion of cases of Salmonella that developed ulcerative colitis. Estimates ranged from 0.08% 
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in culture confirmed cases of Salmonella to 1.18% in the publication that did not report how 

Salmonella was diagnosed. 

Guillain Barré syndrome 

Two studies provided four outcome measures for Salmonella and GBS. Both were 

surveillance studies with GBS occurring in 0% and 0.03% of confirmed cases of Salmonella 

(Table 4.2). 

Miller Fisher Syndrome 

 Miller Fisher syndrome is an uncommon variant of GBS which is characterized by 

ophthalmoplegia, ataxia and areflexia [51]. One prospective surveillance study from the 

Netherlands reported results for Miller Fisher syndrome (MFS). None of the 193 cases of 

Salmonella developed MFS (Table 4.2). 

Haemolytic Uraemic Syndrome 

 Two studies reported a total of five different outcome measures for Salmonella and HUS 

(Table 4.2). Both were large retrospective surveillance studies with HUS reported in 0.0029% 

and 0.0158% of cases. 

DISCUSSION 

 In this study, the results of a systematic literature search and meta-analysis were used to 

estimate the proportion of cases of Salmonella that developed the chronic sequelae of reactive 

arthritis, irritable bowel syndrome, inflammatory bowel disease, Guillain Barré syndrome and 

haemolytic uraemic syndrome. A large body of evidence supports the relationship between ReA 

and Salmonella however information was limited for IBS and insufficient information was 

identified to develop summary estimates for the sequelae of IBD, GBS and HUS. This is the first 
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international literature search and meta-analysis published on Salmonella and chronic sequelae. 

A strength of systematic reviews is the transparent and reproducible nature of the methodology 

which increases the likelihood of identifying all relevant publications. It is therefore probable 

that this review captured the majority of research available on the proportion of cases of 

Salmonella that will develop theses chronic sequelae. The limited number of studies is 

concerning considering the high incidence of Salmonella and potential severity of these 

complications. Contributing to the low number of studies could be the exclusion criteria used in 

this study, which limited study types to those that establish temporal relationships. Although this 

adds strength to the results, it reduces the number of applicable studies thereby introducing 

limitations to the analysis.   

For the studies that were located for IBD, HUS and GBS, it was difficult to interpret the 

reported results as the limited number of studies and lack of details prevented exploration of 

these relationships. Contributing to the limited number of studies on chronic sequelae could be 

the issue of under-reporting and under-diagnosis of foodborne diseases such as Salmonella [4] as 

links between infection and sequelae development could be lost on unidentified cases of 

salmonellosis. In addition, due to the lack of reporting of non-results in the studies related to 

ReA and IBS, it was not possible to determine if these other sequelae (IBD, HUS, GBS) were 

actually not present in these study populations or if they were just not investigated. Even with the 

low estimates presented in the studies that were available, due to the severity of symptoms 

associated with HUS and GBS and the potential burden these more severe sequelae could 

present, further investigation is warranted. 

Although data were limited for some of the sequelae of interest, valuable results were 

discovered for ReA and IBS. Similar to the results found with Campylobacter in Chapter 3, 
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group size and follow-up time significantly influenced the proportion of Salmonella cases that 

developed ReA.  For group size, the lower proportion of ReA reported in larger study sizes could 

potentially be attributed to the fact that less severe cases of ReA might be missed in large 

population surveillance studies due to less intense follow-up [32]. As in Chapter 3, 

understanding of disease progression and duration of ReA is limited. Although our results 

indicate that the majority of cases could emerge within 90 days, evidence of arthritis lasting over 

5 years post infection exists [54] and these discrepancies support the need for further research. 

As with Campylobacter, the observed effect of increased proportions with shorter follow-up time 

could be attributed to whether studies were capturing incident or prevalent cases and three 

scenarios could potentially explain this finding; the publications captured a high number of 

incident cases of short disease duration (within 90 days), others could be capturing remaining 

prevalent cases that were incident cases within first 3 months and remained symptomatic, while 

others could be capturing incident cases that developed after 90 days or a combination of these. 

From a disease burden perspective, clarification surrounding disease progression and duration is 

important considering the relative impact on health systems and society of a high number of 

cases of ReA that are of short duration versus a low number of chronic cases. As these two 

situations may require different resources and incur different costs, there is the potential need to 

separate them when calculating costs/resource requirements. Future studies with sequential 

sampling of the same individuals over time may shed some light onto the duration issue and 

future research is encouraged to begin follow-up for ReA within the first 90 days.  In addition, 

reporting on the specifics of the questions used during follow-up could add clarity to the issue as 

the wording of the follow-up questions, “have you ever been diagnosed with reactive arthritis?” 
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versus “do you currently suffer from reactive arthritis?” could affect results especially for those 

who are not experiencing symptoms at later follow-up. 

Related to the issue of capturing incident verses prevalent cases would be the method of 

diagnosis for the sequelae, which was also a significant contributor to heterogeneity for 

Salmonella and ReA. There are two issues to consider when interpreting this effect, the issue of 

defining reactive arthritis from a medical perspective and the effects of personal perception. 

Firstly, there was a large range of diagnostic criteria used within the physician 

confirmed/specialist confirmed studies. The lack of a clear definition for ReA [7] is problematic 

as it prevents proper comparison between studies and makes interpretations difficult. In addition 

to this, the higher proportion of ReA cases for studies based on self-reported results indicate that 

personal perception may play a role in disease status. As with follow-up, the wording and timing 

of questions investigating ReA could also influence the differences seen in diagnosis method but 

with the limited details published in most studies it was not possible to investigate these effects 

further. 

For irritable bowel syndrome, several variables were significantly associated with 

heterogeneity in univariable analysis. However, due to the limited number of studies, these 

results should be interpreted with caution. As there were multiple estimates from within the same 

studies the significance of factors such as country, source of data and age group could be due to 

the inter-relatedness between variables. For example, country was completely clustered within 

studies, all of the studies in adults were from the same publication from Spain, and all of the 

surveillance studies were retrospective and used the same age group. Thus, further research is 

needed in order to accurately assess and interpret these results. 
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 In an effort to allow for exploration of the influence of study level factors using meta-

regression, multiple outcomes from the same studies were used which introduced heterogeneity 

into the data. Because of this, high heterogeneity for the overall meta-analysis could be expected. 

However, because heterogeneity remained high after subgroup analysis this suggests that 

additional sources of heterogeneity were not captured in this review. Additional potential sources 

of heterogeneity could be related to host, pathogen and environmental factors not included in this 

study. For example the race, gender or immune status of sequelae cases, the dose of pathogen 

received, severity of acute illness and virulence of the Salmonella strain are all potential sources 

of heterogeneity that were not investigated. For many of these factors, the information is not 

easily ascertained from the published literature. To help further guide policy decisions, 

understanding how these characteristics may affect the proportion of Salmonella cases that 

develop a chronic sequela should be investigated and further research is needed. 

 The vast number of potential sources of heterogeneity emphasizes the complex nature of 

the relationship between infection and sequelae development. Contributing to this complexity is 

the issue of unclear case definitions used for Salmonella diagnosis. Although pathogen diagnosis 

(probable vs. confirmed) was not significant in the meta-regression, lack of consistency between 

studies in what was considered a “probable case” could have affected these results by inflating or 

deflating summary estimates. 

Additional limitations to this study need to be considered. A fully international 

perspective was not possible due to language restrictions and inaccessible articles. Categorization 

of group size and follow up time introduced the potential for bias as the categories were 

determined post-hoc. The assumption of independence of outcomes for the meta-analysis was 

not met as multiple outcomes were used from some studies. This in combination with the large 
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amount of unidentified heterogeneity indicates the summary estimates reported in this study must 

be interpreted with caution. 

 Despite this, the results do highlight some key issues surrounding Salmonella and chronic 

sequela. The development of ReA within three months of infections was as high as 12%, 

depending on the method of diagnosis. Considering the worldwide incidence of Salmonella there 

is the potential for tens of thousands of sequelae cases a year which is important in terms of 

disease burden as there is the potential for these cases to remain as long term chronic sequela.  

CONCLUSION 

The proportion of Salmonella cases that develop a chronic sequela varied depending on a 

variety of study level factors, not all of which were identified in this review. Estimates for the 

proportion of Salmonella cases developing reactive arthritis and irritable bowel syndrome were 

5.75% (95% CI 3.16% to 10.25%) and 3.25% (95% CI 1.58% to 6.57%) respectively. These 

results should be interpreted with caution due to the high heterogeneity identified in the meta-

analysis and limited data which prevented complete exploration of sources of heterogeneity 

through meta-regression. Although these are the best estimates currently available based on all 

international sources, for more accurate estimates to be developed consistent diagnostic 

approaches and case definitions need to be implemented and reported in future research.
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TABLES AND FIGURES 

Table 4.1: Population characteristics for studies relating to chronic sequelae of Salmonella published before July 2011. 

First Author 

 Date of Publication 

Reference Number 

Sequelae Country 

Age Range^ (of 

Salmonella 

cases) 

% Female (for 

Salmonella 

cases) 

Source of 

Data 

Study 

Directionality 

Outbreak 

Source 

Date for 

data 

collection 

Season 

Ternhag 

2008, [42] 

GBS 

ReA 

HUS 

IBS 

UC 

Crohn’s 

Sweden All ages 51 Surveillance Retrospective NA 1997-2004 All 

Doorduyn 

2008, [24] 

ReA 

IBD 
Netherlands NR NR Surveillance Prospective NA 

2002-2003, 

2005 
All 

Ekman 

2000, [27] 
ReA Finland Adults 53 Surveillance Prospective NA 1998-1999 All 

Schiellerup 

2008, [41] 
ReA Denmark Adults 57.1 Surveillance Prospective NA 2002-2003 All 

Townes 

2008, 45 
ReA USA All ages 50 Surveillance Prospective NA 2002-2004 All 

Jess, 2011 

[52] 

Crohn’s 

UC 
Denmark All ages 50 Surveillance Retrospective NA 1992 - 2008 All 

Buxton 

2002, [23] 
ReA Canada All ages 53 Surveillance Prospective NA 1999-2000 All 

Arnedo-Pena 

2010, [22] 
ReA Spain NR 50 

Outbreak in 

community 
Prospective 

Food - 

meat 
2005 Summer 

Cowden, 1989 

[53] 
UC England All ages 46 

Outbreak in 

community 
Prospective 

Food - 

meat 
1987-1988 Winter 

Dworkin 

2001, [25] 

ReA 

Reiter’s 
USA Adults 63 

Outbreak in 

community 
Prospective 

Food - 

meat 
1994 Fall/Winter 

Eastmond 

1983, [26] 
ReA Scotland Adults 50 

Outbreak in 

community 
Prospective 

Food - 

dairy 
1981 Fall 

Hakansson 

1975, [28] 
ReA Sweden NR NR 

Outbreak in 

community 
Prospective NR 1974 NR 

Hannu 

2002, [29] 
ReA Finland All ages 59 

Outbreak in 

community 
Prospective Other 1999 Spring 

Locht 

2002, [32] 
ReA Denmark Adults 56 

Outbreak in 

community 
Prospective 

Food- 

other 
1999 Winter 

Locht 

1993, [33] 
ReA Sweden Adults 44 

Outbreak in 

community 
Prospective 

Food- 

other 
1990 Spring 

Mattila 

1998, [34] 
ReA Finland All ages 68 

Outbreak in 

community 
Prospective 

Food - 

vegetable 
1994 Spring 
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First Author 

 Date of Publication 

Reference Number 

Sequelae Country 

Age Range^ (of 

Salmonella 

cases) 

% Female (for 

Salmonella 

cases) 

Source of 

Data 

Study 

Directionality 

Outbreak 

Source 

Date for 

data 

collection 

Season 

Mattila 

1994, [35] 
ReA Finland All ages 62 

Outbreak in 

community 
Prospective 

Food - 

vegetable 
1992 Fall 

McColl 

2000, [36] 
ReA Australia All ages 51 

Outbreak in 

community 
Prospective 

Food - 

meat 
1997 Fall 

McColl 

2000, [36] 
ReA Australia All ages 47 

Outbreak in 

community 
Prospective 

Food - 

meat 
1997 Spring 

McKendrick 

1994, [47] 
IBS 

United 

Kingdom 
NR 66 

Outbreak in 

community 
Prospective 

Food- 

other 
Pre-1994 NR 

Mearin 

2005, [46] 
IBS Spain Adults 55.3 

Outbreak in 

community 
Prospective 

Food - 

dairy 
2002 Summer 

Rudwaleit 

2001, [39] 
ReA Germany Youth NR 

Outbreak in 

community 
Prospective 

Food - 

dairy 
1998 Winter 

Samuel 

1995, [40] 
ReA USA NR 53 

Outbreak in 

community 
Prospective 

Food - 

meat 
1993 Summer 

Thomson 

1992, [43] 
ReA NR Adults 5 

Outbreak in 

community 
Prospective 

Food - 

meat 
Pre-1992 NR 

Urfer 

2000, [49] 

ReA 

IBS 
Switzerland All ages 37 

Outbreak in 

community 
Prospective 

Food - 

meat 
1993 Fall 

Lee 

2005, [31] 
ReA Australia All ages 48 

Outbreak in 

community 
Retrospective 

Food - 

vegetable 
1999 Summer/Fall 

Thomson, 1995 [54] ReA NR NR NR 
Outbreak in 

community 
Retrospective 

Food- 

other 
1984 Fall 

Rohekar 

2008, [38] 
ReA Canada Adults 71.3 

Outbreak in 

community 
Retrospective 

Food - 

vegetable 
2005 Fall/Winter 

Thomson 

1994, [44] 
ReA NR NR NR 

Outbreak in 

community 
Retrospective 

Food - 

meat 
1990 Spring 

Petersen 

1996, [37] 
ReA Denmark All ages 49 

Hospitalized 

cases 
Prospective NA 1991-1993 All 

Saps 

2008, [48] 
IBS USA & Italy All ages 48 

Hospitalized 

cases 
Prospective NA 2006 Summer/Fall 

Helms 

2006, [30] 

GBS 

IBD 

IBS 

HUS 

ReA 

Denmark All ages 50 Surveillance Retrospective NA 1991 - 1999 All 

*NR = Not Reported. NA = Not Applicable.  

**Surveillance included laboratory and notifiable disease registries, sporadic cases and other population surveillance. 

^Youth were those younger than 18, adults were > 18 years. 
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Table 4.2: Outcome variables organized by chronic sequelae for studies relating to Salmonella published prior to July 2011. 

First Author  

Date of 

Publication 

Reference 

Number 

Species or 

Serotype+ 

Sequelae 

negative 

prior to 

diagnosis 

with 

Salmonella? 

Time from 

Salmonella 

diagnosis to 

evaluation for 

chronic sequelae 

(days) 

Diagnosis of 

Salmonella 

Diagnosis of 

sequelae 

Number of 

people with 

Salmonella 

Number of 

people who 

developed 

sequelae 

Outcome 

measure 

REA 
        

Arnedo-Pena, 

2010, [22] 

hadar 

 

All were 

disease 

negative 

90 Probable 

Disease status 

confirmed by 

specialist 

155 13 8.39% 

Arnedo-Pena, 

2010, [22] 

hadar 

 

All were 

disease 

negative 

120 Probable 

Self-reported 

based on 

validated scale 

155 16 10.32% 

Arnedo-Pena, 

2010, [22] 

hadar 

 

All were 

disease 

negative 

150 Confirmed 

Disease status 

confirmed by 

specialist 

67 6 8.96% 

Buxton 

2002, [23] 
typhimurium 

All were 

disease 

negative 

90 Confirmed 

Disease status 

confirmed by 

specialist 

61 4 6.56% 

Buxton 

2002, [23] 
typhimurium 

All were 

disease 

negative 

120 Confirmed 

Self-reported 

based on 

validated scale 

66 17 25.76% 

Doorduyn 

2008, [24] 
NR NR 1080 Confirmed Self-reported 181 8 4.42% 

Dworkin 

2001, [25] 
enteritidis NR 30 Probable Self-reported 217 63 29.03% 

Eastmond 

1983, [26] 
typhimurium NR 60 Confirmed 

Medical 

records/Physician 
418 8 1.91% 

Ekman 

2000, [27] 
NR 

All were 

disease 

negative 

NR Confirmed 

Disease status 

confirmed by 

specialist 

198 8 4.04% 

Ekman 

2000, [27] 
NR 

All were 

disease 

negative 

NR Confirmed Self-reported 198 13 6.57% 

Hakansson 

1975, [28] 
typhimurium NR NR Probable NR 330 13 3.94% 

Hannu 

2002, [29] 
typhimurium 

All were 

disease 

negative 

60 Confirmed 

Disease status 

confirmed by 

specialist 

63 5 7.94% 
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First Author  

Date of 

Publication 

Reference 

Number 

Species or 

Serotype+ 

Sequelae 

negative 

prior to 

diagnosis 

with 

Salmonella? 

Time from 

Salmonella 

diagnosis to 

evaluation for 

chronic sequelae 

(days) 

Diagnosis of 

Salmonella 

Diagnosis of 

sequelae 

Number of 

people with 

Salmonella 

Number of 

people who 

developed 

sequelae 

Outcome 

measure 

Helms 

2006, [30] 
Combined 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
27894 87 0.31% 

Helms 

2006, [30] 
enteritidis 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
14533 50 0.34% 

Helms 

2006, [30] 
typhimurium 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
7021 24 0.34% 

Helms 

2006, [30] 
Other 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
6340 13 0.21% 

Lee 

2005, [31] 
typhimurium 

All were 

disease 

negative 

90 Confirmed 
Medical 

records/Physician 
261 38 14.56% 

Lee 

2005, [31] 
typhimurium 

All were 

disease 

negative 

120 Confirmed 
Medical 

records/Physician 
54 13 24.07% 

Lee 

2005, [31] 
typhimurium 

All were 

disease 

negative 

150 Confirmed 
Medical 

records/Physician 
207 25 12.08% 

Locht 

2002, [32] 
NR 

No - 

excluded 
28 Probable Self-reported 91 17 18.68% 

Locht 

1993, [33] 
enteritidis 

All were 

disease 

negative 

30 Probable Self-reported 108 17 15.74% 

Locht 

1993, [33] 
enteritidis 

All were 

disease 

negative 

30 Confirmed Self-reported 89 16 17.98% 

Mattila 

1998, [34] 
bovismorbificans 

All were 

disease 

negative 

90 Confirmed 

Disease status 

confirmed by 

specialist 

191 22 11.52% 

Mattila 

1994, [35] 
NR 

All were 

disease 

negative 

150 Confirmed 

Disease status 

confirmed by 

specialist 

246 16 6.50% 
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First Author  

Date of 

Publication 

Reference 

Number 

Species or 

Serotype+ 

Sequelae 

negative 

prior to 

diagnosis 

with 

Salmonella? 

Time from 

Salmonella 

diagnosis to 

evaluation for 

chronic sequelae 

(days) 

Diagnosis of 

Salmonella 

Diagnosis of 

sequelae 

Number of 

people with 

Salmonella 

Number of 

people who 

developed 

sequelae 

Outcome 

measure 

McColl 

2000, [36] 
typhimurium 

All were 

disease 

negative 

90 Probable Self-reported 312 13 4.17% 

McColl 

2000, [36] 
typhimurium 

All were 

disease 

negative 

90 Probable Self-reported 112 6 5.36% 

Petersen 

1996, [37] 
enteritidis NR NR Confirmed 

Medical 

records/Physician 
48 4 8.33% 

Petersen 

1996, [37] 
typhimurium NR NR Confirmed 

Medical 

records/Physician 
40 3 7.50% 

Petersen 

1996, [37] 
Other NR NR Confirmed 

Medical 

records/Physician 
128 7 5.47% 

Rohekar 

2008, [38] 
enteritidis NR NR Confirmed Self-reported 104 65 62.50% 

Rudwaleit 

2001, [39] 
enteritidis 

All were 

disease 

negative 

120 Probable Combination 286 0.5 0.17% 

Samuel 

1995, [40] 
NR NR 196 Probable 

Medical 

records/Physician 
321 23 7.17% 

Schiellerup 

2008, [41] 
Other 

No - 

excluded 
30 Confirmed 

Self-reported 

based on 

validated scale 

619 104 16.80% 

Schiellerup 

2008, [41] 
typhimurium 

No - 

excluded 
30 Confirmed 

Self-reported 

based on 

validated scale 

193 29 15.03% 

Schiellerup 

2008, [41] 
enteritidis 

No - 

excluded 
30 Confirmed 

Self-reported 

based on 

validated scale 

270 49 18.15% 

Schiellerup 

2008, [41] 
Other 

No - 

excluded 
30 Confirmed 

Self-reported 

based on 

validated scale 

156 26 16.67% 
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First Author  

Date of 

Publication 

Reference 

Number 

Species or 

Serotype+ 

Sequelae 

negative 

prior to 

diagnosis 

with 

Salmonella? 

Time from 

Salmonella 

diagnosis to 

evaluation for 

chronic sequelae 

(days) 

Diagnosis of 

Salmonella 

Diagnosis of 

sequelae 

Number of 

people with 

Salmonella 

Number of 

people who 

developed 

sequelae 

Outcome 

measure 

Ternhag 

2008, [42] 
NR NR 365 NR 

Medical 

records/Physician 
34664 27 0.08% 

Thomson 

1992, [43] 
heidelberg 

All were 

disease 

negative 

30 Probable Self-reported 73 6 8.22% 

Thomson 

1994, [44] 
enteritidis 

All were 

disease 

negative 

60 Probable 
Medical 

records/Physician 
29 8 27.59% 

Townes 

2008, [45] 
NR 

All were 

disease 

negative 

42 Confirmed Combination 1356 17 1.25% 

Urfer 

2000, [49] 
braenderup NR 180 Probable Self-reported 156 1 0.64% 

Reiter’s 
        

Dworkin 

2001, [25] 
enteritidis NR 30 Probable 

Meet study 

definition based 

on self-reported 

symptoms 

217 6 2.7% 

Doorduyn 

2008, [24] 
NR NR 1080 DNA Based 

Self-reported 

disease status 
193 0 0% 

Mattila 

1998, [34] 
bovismorbificans 

All were 

disease 

negative 

90 Culture 

Disease status 

confirmed by 

specialist 

191 0 0% 

Mattila 

1994, [35] 
enterica 

 

All were 

disease 

negative 

150 Culture 

Disease status 

confirmed by 

specialist 

246 0 0% 

Thomson 

1994, [44] 
enteritidis 

 

All were 

disease 

negative 

60 Probable 
Physician 

diagnosed 
29 2 6.89% 
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First Author  

Date of 

Publication 

Reference 

Number 

Species or 

Serotype+ 

Sequelae 

negative 

prior to 

diagnosis 

with 

Salmonella? 

Time from 

Salmonella 

diagnosis to 

evaluation for 

chronic sequelae 

(days) 

Diagnosis of 

Salmonella 

Diagnosis of 

sequelae 

Number of 

people with 

Salmonella 

Number of 

people who 

developed 

sequelae 

Outcome 

measure 

GBS 
        

Helms 

2006, [30] 
enteritidis 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
14533 1 0.01% 

Helms 

2006, [30] 
typhimurium 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
7021 1 0.01% 

Helms 

2006, [30] 
Other 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
6340 2 0.03% 

Doorduyn 

2008, [24] 
NR NR 1080 Confirmed Self-Reported 193 0 0.00% 

MFS 
        

Doorduyn 

2008, [24] 
NR NR 1080 Confirmed 

Self-reported 

disease status 
193 0 0.00% 

IBS 
        

Ternhag 

2008, [42] 
spp. NR 365 . 

Medical 

records/Physician 
34664 5 0.01% 

Helms 

2006, [30] 
Combined 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
27894 252 0.90% 

Helms 

2006, [30] 
enteritidis 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
14533 125 0.86% 

Helms 

2006, [30] 
typhimurium 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
7021 67 0.95% 

Helms 

2006, [30] 
Other 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
6340 60 0.95% 

Doorduyn 

2008, [24] 
NR 

No - 

included 
1080 Confirmed Self-reported 193 12 6.22% 

Saps 

2008, [48] 
NR NR. 180 Confirmed Self-reported 24 9 37.50% 
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First Author  

Date of 

Publication 

Reference 

Number 

Species or 

Serotype+ 

Sequelae 

negative 

prior to 

diagnosis 

with 

Salmonella? 

Time from 

Salmonella 

diagnosis to 

evaluation for 

chronic sequelae 

(days) 

Diagnosis of 

Salmonella 

Diagnosis of 

sequelae 

Number of 

people with 

Salmonella 

Number of 

people who 

developed 

sequelae 

Outcome 

measure 

Urfer 

2000, [49] braenderup NR 180 Probable Self-reported 156 12 7.69% 

McKendrick 

1994, [47] 

enteritidis 

All were 

disease 

negative 

365 Probable 

Self-reported 

based on 

validated scale 

38 12 31.58% 

Mearin 

2005, [46] 
enteritidis 

No - 

excluded 
90 Probable 

Self-reported 

based on 

validated scale 

367 27 7.36% 

Mearin 

2005, [46] 
enteritidis 

No - 

excluded 
180 Probable 

Self-reported 

based on 

validated scale 

341 37 10.85% 

Mearin 

2005, [46] 
enteritidis 

No - 

excluded 
365 Probable 

Self-reported 

based on 

validated scale 

266 31 11.65% 

IBD 
        

Helms 

2006, [30] 
Combined 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
27894 125 0.45% 

Helms 

2006, [30] 
enteritidis 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
14533 50 0.34% 

Helms 

2006, [28] 
typhimurium 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
7021 47 0.67% 

Helms 

2006, [30] 
Other 

All were 

disease 

negative 

365 Confirmed 
Medical 

records/Physician 
6340 28 0.44% 

Doorduyn 

2008, [24] 
NR 

No - 

included 
1080 Confirmed 

Self-reported 

disease status 
193 12 6.22% 

Crohn’s 
        

Ternhag 

2008, [42] 
spp. NR 365 NR 

Medical 

records/Physician 
34664 14 0.04% 



 

141 
 

First Author  

Date of 

Publication 

Reference 

Number 

Species or 

Serotype+ 

Sequelae 

negative 

prior to 

diagnosis 

with 

Salmonella? 

Time from 

Salmonella 

diagnosis to 

evaluation for 

chronic sequelae 

(days) 

Diagnosis of 

Salmonella 

Diagnosis of 

sequelae 

Number of 

people with 

Salmonella 

Number of 

people who 

developed 

sequelae 

Outcome 

measure 

Jess, 2011 [52] Combined+ 

All were 

disease 

negative 

up to 16 years Confirmed 
Medical 

records/Physician 
41628 78 0.19% 

UC 
        

Ternhag 

2008, [42] 
spp. NR 365 NR 

Medical 

records/Physician 
34664 29 0.08% 

Jess, 2011 [52] Combined 

All were 

disease 

negative 

up to 16 years Confirmed 
Medical 

records/Physician 
41628 264 0.63% 

Cowden,1989 

[53] 
typhimurium 

NR 
NR Confirmed NR 85 1 1.18% 

* NR = Not Reported. NA = Not Applicable.  

** Confirmed for Salmonella included those confirmed by culture, DNA-based tests and serology. Probable included those identified as Salmonella case based on clinical case 

definition from study. 

^ Medical records/Physician included those hospitalized for sequelae or diagnosed by a physician.  

# No-excluded: Cases of Salmonella with previous medical history of related sequelae were excluded from analysis. No-included; Cases of Salmonella with previous medical 

history of related sequelae were not excluded from analysis. 

+ Combined = study combined non-typhoid strains, Other = non-typhoid strains other than enteritidis and typhimurium 
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Table 4.3: Subgroup meta-analyses by group size, follow-up time and sequelae diagnosis for Salmonella and ReA. 

Variable 
Summary 

Estimate 

Lower 95% 

CI 

Upper 

95% CI 
I2 

Number of 

observations 

Overall estimate 5.75% 3.16% 10.25% 98.7% 42 

Group Size 
Summary 

Estimate 

Lower 95% 

CI 

Upper 

95% CI 
I2 

Number of 

observations 

Small 14.22% 10.26% 19.40% 62.7% 11 

Medium 9.04% 6.37% 12.68% 93.6% 24 

Large 0.45% 0.16% 1.22% 92.8% 3 

Extra large 0.21% 0.09% 0.45% 95.7% 3 

Follow Up Time 
Summary 

Estimate 

Lower 95% 

CI 

Upper 

95% CI 
I2 

Number of 

observations 

< 90 days 12.00% 7.71% 18.24% 94% 13 

90 days to < 365 8.99% 6.50% 12.30% 80.6% 15 

365 days or more 0.36% 0.18% 0.71% 95.4% 6 

Sequelae Diagnosis 
Summary 

Estimate 

Lower 95% 

CI 

Upper 

95% CI 
I2 

Number of 

observations 

Specialist 7.73% 5.90% 10.07% 27.1% 7 

Physician 

Diagnosed/Medical 

Records 

2.58% 0.88% 7.32% 98.9% 14 

Self-reported based 

on validated scale 
16.64% 14.02% 19.67% 44.5% 6 

Self-reported 11.05% 5.46% 21.05% 95.3 11 



 

143 
 

Figure 4.1: Flow chart of results from systematic review for Salmonella and chronic sequelae. 

  

*Excluded study designs were randomized control trials (RCT), laboratory based studies and 

those that selected subjects based on sequelae and determined previous Salmonella exposure. 

After 2nd Screening Round 
860 

Reasons for Exclusion: 

Not related to pathogens of interest: 9925 

Not related to chronic disease in Humans: 5672 

Inapplicable study design*: 2373 

After 3rd Screening Round 
138 

Total number of articles where 
data was extracted 

147 

Additional References Identified 
133 

Reasons for Exclusion: 

Duplicates: 3 

Not related to pathogens of interest: 348 

Not related to chronic sequelae of interest: 676 

Inapplicable study design/review article: 878 

Reasons for Exclusion: 

Unobtainable: 71 

Did not contain information on outcomes of 

 interest: 646 

Duplicates: 5 

Met Relevancy Screening 
42 

Number of articles where data was 
extracted 

9 

Number relating to  
Salmonella 

32 

Initial Search Results 
23453 

After Removal of Duplicates 
20048 

After 1st Screening Round 
2033 
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Figure 4.2: Distribution of proportions of Salmonella cases that developed reactive arthritis from 32 

studies published prior to July 2011. 
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Figure 4.3: Forest plot from meta-analysis of Salmonella and reactive arthritis for studies published prior to July 2011. 
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Figure 4.4: Forest plot from meta-analysis of Salmonella and IBS from studies published prior to July 2011. 
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CHAPTER FIVE 

DISCUSSION 

 To provide accurate information to inform burden of disease estimates, a systematic 

review of published international literature on the proportion of cases of E. coli O157, 

Campylobacter and non-typhoidal Salmonella that develop a chronic sequelae of reactive 

arthritis (ReA), irritable bowel syndrome (IBS), inflammatory bowel disease (IBD), Guillain 

Barré syndrome (GBS) and haemolytic uraemic syndrome (HUS) was performed. This is the first 

attempt to estimate these proportions based on a formal systematic review and meta-analysis 

using all available international literature. Based on the inclusion and exclusion criteria defined 

by this review, sufficient information was available to estimate the proportion of cases of 

Campylobacter that develop ReA (2.86%, 95% CI 1.4% - 5.61%), IBS (4.01%, 95% CI 1.41% - 

10.88%) and GBS (0.07%, 95% CI 0.03% - 0.15). For Salmonella, estimates for ReA (5.75%, 

95% CI 3.16% - 10.25%) and IBS (3.25%, 95% CI 1.58% - 6.57%) were possible and for E. coli 

O157 an estimate for the proportion of cases that develop HUS (13.1%, 95% CI 10.1% - 17.1%, 

I
2
 = 91.3%) was generated. Insufficient information was available to generate estimates for any 

other pathogen-sequelae combinations. 

 The inclusion and exclusion criteria set out for this systematic review introduced both 

strengths and weaknesses into the analysis and interpretation. The strengths are found in the 

systematic and transparent nature of the approach as well as the formation of the research 

question which included study designs which allowed us to establish a temporal relationship 

between diagnosis as a case of Salmonella, Campylobacter and E. coli O157 and the 

development of a chronic sequela. In doing this however, publications presenting the opposite 

temporal relationship were excluded thereby decreasing the overall number of studies which 
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were eligible for inclusion in the analysis.  In turn, the limited amount of data available for many 

of the pathogen-sequelae combinations either prevented the generation of an estimate using 

meta-analysis or prevented exploration of factors which influenced heterogeneity by limiting 

meta-regression or subgroup meta-analysis. The limited amount of studies available was not 

solely on account of the inclusion/exclusion criteria.  For the majority of pathogen-sequelae 

combinations very little research exists, as was demonstrated by the insufficient data to develop 

summary estimates for E. coli O157 and sequelae other than HUS, Campylobacter and IBD, 

MFS, RS and HUS , Salmonella and IBD, GBS, MFS, RS and HUS. The limited data suggest 

that the relationship between illness with pathogens and chronic sequelae development is not yet 

well understood and there is much potential for further research. 

 For all sequelae-pathogen combinations there was a large amount of variation in the 

proportions reported in the literature (i.e. high heterogeneity). When considering factors which 

may contribute to this heterogeneity, the size of the population being considered was the most 

influential factor across the sequelae-pathogen combinations.  In many cases group size was 

closely related to study design with outbreak studies and hospital-based studies considering 

smaller populations and reporting higher estimated proportions than larger population 

surveillance studies.  Other study level factors which significantly contributed to heterogeneity 

varied by sequela of which reactive arthritis (for Campylobacter and Salmonella) and HUS (for 

E. coli O157) were the only sequelae with enough publications available to explore in depth. The 

likelihood of being diagnosed as a case of reactive arthritis was significantly influenced by the 

length of time between diagnosis as a pathogen case and assessment for the sequela for both 

Campylobacter and Salmonella. For irritable bowel syndrome, some consistency between 

Salmonella and Campylobacter was identified, such as the influence of study directionality and 
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method of diagnosis for IBS, however limited data prevented full exploration of these effects. 

For E. coli O157 and HUS, the heterogeneity in the data remains unexplained based on the study 

level factors included in this review indicating the need for further research into other host, 

pathogen and environmental influences. 

Inter-relatedness between the study level variables was consistently seen across 

pathogen-sequelae combinations. This introduced challenges with exploring heterogeneity using 

meta-regression. For those combinations with a small number of studies, for example as seen 

with Salmonella and IBS, this inter-relatedness prevented multivariable meta-regression. For 

combinations with sufficient numbers of studies to perform meta-regression, inter-relatedness 

between variables could have prevented detection of potentially significant effects. Although 

some heterogeneity was explained by the study level factors considered in the meta-regression, 

heterogeneity remained high even after subgroup meta-analysis suggesting other host, 

environmental and pathogen related variables not considered in this analysis contributed to the 

observed heterogeneity. For many of the sequelae, aspects such as the race, age, sex, genetics, 

immune status and lifestyle choices of cases could potentially influence the severity of disease 

development and were not explored in this meta-analysis. Many of these variables could be 

closely related to country of origin, and although country was found to be non-significant in the 

meta-analyses, it should not be dismissed without further research. Related factors with potential 

influences on sequelae development, such as race and lifestyle choices, could also be closely 

related to country. In addition, due to differences in resource allocation and surveillance and 

reporting mechanisms between countries it may not be beneficial to combine results from all 

countries for burden of disease estimates. An area for further research could be a meta-analysis 

combining results from countries with similarities in some of the additional host and 
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environmental variables not considered in this review to determine if significant differences exist 

and better inform country specific BOD estimates. For pathogens, the effects of dose or virulence 

[1] were not explored, as this information was often not presented in the available literature. 

Because of the high heterogeneity and limited data, the estimates presented in this publication 

should be interpreted with caution. 

An important issue that arose frequently for all sequelae and pathogens was inconsistent 

case definitions for both sequelae and pathogen diagnosis.  Inconsistencies in the definitions and 

diagnostic tools used across studies for sequelae such as reactive arthritis or irritable bowel 

syndrome and inconsistent definitions for what was considered a “probable” case of the pathogen 

made comparing and interpreting the results challenging. Also many studies did not provide 

details of the diagnostic criteria used, which prevented proper investigation into the effects that 

these differences in definition might have had on the reported results. Additionally, the use of 

different diagnostic tools and lack of detail surrounding whether studies were investigating 

incident or prevalent cases of sequelae added to the difficulty with interpretation of the results. 

Finally, a lack of reporting of non-results in most studies contributed to the limited data 

available on the subject of illness and chronic sequelae development.  Because most studies were 

focused on the presence or absence of a single sequela it was not possible to determine whether 

or not cases of Salmonella, Campylobacter and E. coli O157 developed sequelae other than the 

one focused on in the publication. As a result, the estimates reported in this study could be 

inflated because studies where no cases of E. coli O157, Campylobacter or Salmonella develop 

sequelae are not published and therefore were not included in the meta-analysis. There is 

currently no way to determine how much of an effect this might have and it is strongly 
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recommended that the reporting of non-results (no development of various sequelae) be included 

in future publications. 

 To support or refute the estimates presented in this study, additional high quality research 

which addresses the limitations outlined above is required. To move towards this, the following 

approaches are recommended for future research: 

1. Use of consistent case definitions for all chronic sequelae. 

2. Use of consistent diagnostic criteria and tools for sequelae diagnosis or standard 

reporting of details and ensure time to follow up is based on the biology of the 

condition. 

3. Confirm presence of the foodborne pathogen via laboratory confirmation when 

resources allow or develop standardized criteria for identification of a “probable 

case” when confirmation is not possible. 

4. Report non-results.  In any follow-up post infection, researchers should build in 

components to address key chronic sequelae for each pathogen and report 

sequelae development, or lack-thereof, within their publications. 

5. Ensure all studies report clear details of the following criteria within their 

publications: 

a. The length of time between diagnosis as a case and sequelae diagnosis. 

b. Detailed explanation of the case definitions used for the sequelae and 

probable cases of the pathogen. 

c. Details of the diagnostic tools used to assess sequelae development. 
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d. Details of the diagnostic approaches used for the sequelae (such as 

question formation and clear indication if a study is reporting incident or 

prevalent sequelae cases). 

Supporting this consistency in reporting would allow for improved comparisons and 

investigation of the relationship between foodborne illness and chronic sequelae development in 

the future. 

In addition to improvements in study approach and reporting, the results of this 

systematic review highlight the need for further research in a few key areas. To better understand 

the progression between foodborne illness and sequelae development, investigation of the same 

individuals at multiple points over time could add clarity to the effect seen by follow up time and 

provide insights into disease progression. This is especially important for those sequelae, such as 

ReA and IBS, where understanding of disease duration and progression is limited and specific 

diagnostic criteria do not exist.  Investigation of the influence of additional host, pathogen and 

environmental factors could provide clarification on the unexplained heterogeneity in the data. 

Additional research of the effects of variables such age, sex and race of sequelae cases is 

encouraged. As serotype and genotype specific information was limited, additional research into 

the effects of genotype and virulence is required. Finally, researchers are encouraged to 

investigate and report on all potential sequelae to help increase the body of literature available on 

the topic. Along with reporting non-results, incorporating measures for assessing multiple 

sequelae in scheduled follow-up could potentially be an efficient way to increase the body of 

literature surrounding infection and sequelae development. 
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In conclusion, despite the limitations and challenges associated with quantifying the 

relationship between illness with Campylobacter, Salmonella and E. coli O157 and chronic 

sequelae development, the potential burden of long term health complications attributed to these 

sequelae is important considering the high worldwide incidence of Campylobacter, Salmonella 

and E. coli 0157.  Given even the lowest estimates generated in the meta-analysis for the 

proportion of cases that develop ReA, IBS, IBD or GBS, due to the high global incidence of 

Salmonella, Campylobacter and E. coli O157, there is the potential for hundreds of thousands of 

sequelae cases yearly. Considering the long term nature and potential severity of these associated 

health complications, this could contribute to a significant decrease in quality of life and a 

significant burden on health care systems worldwide.  These potential costs support the need to 

incorporate accurate estimates for these chronic sequelae when calculating burden of disease 

measurements for foodborne illness.  The estimates generated in this meta-analysis can be used 

as a starting point to inform future BOD calculations. However, further research into sources of 

heterogeneity is required to improve understanding surrounding the differences reported between 

studies. 
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Appendix 1 

Questions used for first level of screening: 

Does the publication focus on 
Campylobacter or Salmonella or 
E. coli 0157?    

If yes-move on to next question 
If no-stop, exclude 

Does the publication refer to 
chronic disease in humans? 

If yes-move on to next question 
If no-stop, exclude 

Is the design experimental (lab 
based, RCT), case report, case 
series?   

If yes- exclude 
If no - include 
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Appendix 2 

Questions used for second level of screening: 

Is the pathogen of interest non-typhoid 
Salmonella, E. coli 0157 or Campylobacter other 
than Campylobacter pylori? y/n 

If yes – move on 
If no - exclude 

Are any of the following chronic sequelae an 
outcome of interest in the study? Any form of 
arthritis (or Reiter’s Syndrome), irritable bowel 
syndrome or inflammatory bowel disease 
(including Crohn’s, ulcerative colitis), HUS (or 
renal failure, hemolytic anemia, 
thrombocytopenia)  or Guillain Barré (or Miller-
Fisher Syndrome, Acute idiopathic polyneuritis; 
Infectious polyneuritis; Acute inflammatory 
polyneuropathy; Acute inflammatory 
demyelinating polyneuropathy)? y/n 

If yes – move on 
If no - exclude 

Is the study design either cross sectional, case 
control, cohort or outbreak?  

If no - exclude 
If yes - include and indicate which 
design type. 
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Appendix 3 

Questions used in final (3
rd

) level of screening: 

Is the article available in English or French?  If No-exclude 

Is it a review?  If Yes - exclude 
If No – move on 

Does it contain data on the number of individuals with E. 
coli O157/Salmonella/Campylobacter who developed 
Haemolytic-Uraemic Syndrome (HUS)? 

If Yes - include 
If No – move on 

Does it contain data on the number of individuals with E. 
coli O157/Salmonella/Campylobacter who developed 
renal failure or decreased renal function? 

If Yes - include 
If No – move on 

Does it contain data on the number of individuals with E. 
coli O157/Salmonella/Campylobacter who developed 
reactive arthritis or Reiter’s or both? 

If Yes - include 
If No – move on 

Does it contain data on the number of individuals with E. 
coli O157/Salmonella/Campylobacter  who develop 
Guillain Barré (or Miller-Fisher Syndrome, Acute 
idiopathic polyneuritis; Infectious polyneuritis; Acute 
inflammatory polyneuropathy; Acute inflammatory 
demyelinating polyneuropathy)?  

If Yes - include 
If No – move on 

Does it contain data on the number of individuals with E. 
coli O157/Salmonella/Campylobacter  who develop 
Irritable Bowel Syndrome or Post Infectious (PI)- Irritable 
Bowel Syndrome (PI-IBS)?  

If Yes - include 
If No – move on 

Does it contain data on the number of individuals with E. 
coli O157/Salmonella/Campylobacter  who develop 
Inflammatory Bowel Disease, Ulcerative Colitis or 
Crohn’s Disease? 

If Yes - include 
If No – move on 
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Appendix 4 

Instructions for Data Extraction Tool 
 
General Rules for Exclusion: 
We are interested in the number of people with the pathogen who go on to develop the chronic 
sequelae, not the number of people with the sequelae who had exposure to the pathogen. Our 
objective is to calculate the incidence of each chronic sequelae associated with each pathogen. 
 
General Rules for Organization/Formatting: 

For tables 2 and 3, each pathogen/sequelae combination per study should have its own row. This also 
applies for each specific outcome if details are species/serotype specific or pathogen diagnosis specific. 
You will need to manually enter the author/refID in these tables for studies needing more than one row. 
More details and examples are provided below. 
 
Please CAPITALIZE first letter of country (except the United States, USA is acceptable), author and 
outbreak names. 
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Variable Description 
RefID Reference ID from RefWorks. Imported into first 

sheet, should automatically pass onto table 1 and 
2 if you answered “Y” (yes) to any of the questions 
on the include/exclude sheet. This will only occur 
once, extra rows will require you to manually enter 
the ID and author name. 
*note* if you answer “n” to all, it will become a 
blank row for table 1 and table 2. This is ok as they 
will be deleted later.  

Author Last name of first author. Confirm RefID and 
Author combination are correct. If author is 
unknown/an organization it will appear as 
Anonymous. Please correct to organization name 
where possible. 

Country Country from which study population is taken 

Status Indicate here if the full text article is unobtainable.  

Is it a review? Indicate here if the article is a review. If “yes” 
exclude and enter an N in the results column. 

Is the article available in English or French? If the article is not written in English or French 
exclude, enter N in results column.  

Age range/categories Age range (in years) used for the population with 
pathogen/sequelae of interest. No median age 
needed. Report category (e.g. Adults over 18) only 
if no range is given. 

Gender Indicate the gender mix of the population by 
reporting the percent of participants who were 
female (“Gender” column 1) and who were male 
(“Gender” column 2). If information is not 
reported enter NR in each column. 

Co-morbidities used to define study population List of co-morbidities used when selecting study 
population (e.g. Study of E. coli in children with 
AIDS), co-morbidity would be AIDS. Not to be 
confused with co-morbidities that participants 
suffer from (E.g. 5 participants reported diabetes) 
or exclusion criteria (E.g.: participants with a 
previous history of diabetes were excluded from 
study). Enter NA (not applicable) if none were used 
in the selection process. 

Source of data What type of data source was used to gather the 
information used in the analysis. Options are:  

 outbreak in hospital 

 outbreak in community 

 hospitalized cases 

 surveillance of population (sporadic or 
outbreak) – this is meant to imply that 
ongoing population surveillance will often 
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capture both sporadic and outbreak cases. 

 disease registry 

 notifiable diseases 

 sporadic cases 

 unknown  

 other 

Study design The study design used to gather the information 
pertaining to the pathogen and chronic sequelae 
of interest. Options are:  

 retrospective outbreak*: used historic 
outbreak and historic disease status 
records. 

 prospective outbreak*: cases of pathogen 
identified from current or recent outbreak 
and followed forward in time to 
determine chronic sequelae status. 

 retrospective population surveillance: 
historic cases of pathogen and disease 
identified from population surveillance 
and connected. 

 prospective population surveillance: case 
of pathogen identified from population 
surveillance, followed forward in time to 
determine disease status. 

 Cohort: study begins before illness from 
pathogen occurs. Cases and controls are 
identified and both are followed forward 
in time to determine pathogen exposure 
and associated sequelae status. 

 case control: cases of pathogen are 
identified, matched with controls and 
followed forward to time to determine 
disease status. 

 cross sectional: looks at population at a 
point in time. Not linked to outbreak or 
population surveillance data. 

 other 

 unknown 
*Note: some studies will use a case control study 
to determine the source/risk factors of the 
outbreak. This would NOT be classified as a case 
control study as it does not pertain to the data on 
the pathogen/sequelae relationship. 

Outbreak name “Common” name for the outbreak if applicable. 
For example: Walkerton 
Otherwise enter NA (not applicable) 

Outbreak source For outbreak data, indicate the source of the 
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outbreak. Options are: 

 food - meat 

 food - vegetable 

 food- other 

 food - dairy 

 waterborne 

 direct animal contact (e.g. farm/zoo/pets) 

 daycare 

 unknown 
Otherwise enter NA (not applicable) 

Date for data collection Year (or range of years) data was collected. If not 
specifically reported enter “pre-publication date” 
(e.g. Pre-1994). Do not need to include 
days/months. If multiple years were included, 
separate with a comma (2004, 2010) unless data 
collection occurred over the entire period; indicate 
a range with a hyphen (2004-2010). 

Season Indicate season applicable to range for data 
collection.  
Definitions: 
Fall – September, October, November 
Winter – December, January, February 
Spring – March, April, May 
Summer –June, July, August 
Overlap between seasons (e.g. fall/winter) and 
yearlong are acceptable. For data collection that 
captures more than one year enter “various”. 

Comments Enter any comments regarding the study (issues 
you have noticed or interesting information) here 

Pathogen Enter pathogen name. If there are multiple 
pathogens per study, create new rows following 
the first for each pathogen/sequelae combination. 
You will need to manually enter the RefID and 
author in these cases. 
Options: 

 E. coli 

 Campylobacter 

 Salmonella 

Species/Serotype Enter species name or serotype (salmonella) (NOT 
CAPITALIZED) (E.g.: jejuni NOT Jejuni). Enter NR 
(not reported) if it’s not specified. Create new 
rows for each species/serotype given ONLY IF 
outcome information is available at the 
species/serotype level.  
For example: A study looked at campylobacter and 
differentiated between C. jejuni and C. fetus and 
reported outcomes for both; The number of people 
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positive for campylobacter jejuni who developed 
IBS was 1/100 (outcome 1, row 1), the number of 
people positive for campylobacter fetus who 
developed IBS was 0/130 (outcome 2, row 2). The 
total number of people with campylobacter who 
developed IBS was 1/230 (outcome 3, row 3). 

Chronic Sequelae Specify which sequelae the study reports on as an 
outcome. If there are multiple sequelae per study, 
create new rows for each pathogen/sequelae 
combination. You will need to manually enter the 
RefID and author in these cases. 
Sequelae of interest are: 

 HUS (Haemolytic Anaemia, 
Thrombocytopenia) 

 Renal Failure/Decreased Renal Function 

 Reactive Arthritis (ReA) 

 Reiters 

 Combined ReA/Reiters 

 Irritable Bowel Syndrome 

 Post Infectious Irritable Bowel Syndrome 
(PI-IBS) 

 Crohn's Disease 

 Ulcerative Colitis 

 Inflammatory Bowel Disease 

 Guillain Barré (Acute idiopathic 
polyneuritis/Infectious polyneuritis  

 Acute inflammatory polyneuropathy; 
Acute inflammatory demyelinating 
polyneuropathy) 

 Miller-Fisher Syndrome 

Time from Illness from Pathogen to Evaluation for 
Chronic Sequelae 

Enter the maximum length of time (in days) 
between onset of illness and evaluation for the 
chronic sequelae. Enter NR if not reported. 

Diagnostic Test Used (Pathogen) Specify the type of test used to diagnose the 
pathogen. The options are: 

 DNA Based 

 Serology 

 Culture 

 Cases associated with an outbreak (no 
diagnostics done/reported) 

 Probable cases based on case definition 
from study (for example Walkerton Health 
Study) 

 Hospitalized cases (no diagnostic test 
specified) 

 Other 

 Not reported 
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Classify on level most appropriate to outcome 
analysis.  
Create new rows to report pathogen diagnosis for 
different outcomes.  
For example: if the study reports the number of 
cases of HUS associated with all “probable cases 
based on case definition from study” (e.g: 10 out of 
300 probable cases – outcome 1 (10/300), row 1) 
as well as the number of cases of HUS associated 
with culture confirmed cases (of the 10 HUS 
overall, 9 were patients who were culture 
confirmed out of a total of 150 culture confirmed 
cases – outcome 2(9/150), row 2) this would be 
two separate rows with two separate pathogen 
diagnosis and outcomes for the same study. Can 
only do this when the paper SPECIFICALLY says that 
the chronic sequelae cases were also lab 
confirmed. 

Diagnosis (Sequelae) Specify how the diagnosis for the sequelae was 
performed. Options include: 

 self reported disease status (E.g. 
Participant says they have ReA) 

 self reported diseased status based on 
physician diagnosis (E.g. Participant says 
they have been diagnosed by their 
physician with ReA) 

 meet study definition based on self 
reported symptoms(E.g. Participant meets 
study specific criteria for definition of 
sequelae) 

 self reported based on validated scale (E.g. 
Used Questionnaire Utilizing Epidemic 
Spondyloarthropathy Traits 2   (QUEST2) 
survey for ReA diagnosis) 

 Participants meet criteria for ReA 
diagnosis based on physician diagnosis 
(physician confirmed ReA reported directly 
to researchers) 

 disease status confirmed by specialist 
(diagnosis of ReA confirmed by 
Rheumatologist) 

 other trained health professional 
(diagnosis performed by trained health 
professionals. E.g. Nurses trained for 
research project) 

 Not reported 
If more than one method was used, classify it 



 

168 
 

 

based on the most reliable method. For example if 
participants entered the study based on a self 
reported questionnaire but then disease status 
was confirmed by a physician, classify as 
“physician diagnosed”. 

Number of people with pathogen (denominator) Number of people with the pathogen who are 
used for the analysis for the outcome of interest. 

Number of people with sequelae (numerator) Number of people with the pathogen who went on 
to develop the chronic sequelae of interest 

Outcome Generated automatically. Equal to (the number of 
people with the sequelae)/(number of people with 
pathogen) 

Standard error Generated automatically. Standard error of a 
proportion. Equal to: 
SQRT((outcome*(1-outcome))/denominator) 

Lower and Upper confidence interval Generated automatically, based on an alpha of 
0.05 

Comments Insert any comments regarding the outcome/table 
2 here 


