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Abstract

Background and aims: Gastrointestinal infections have been linked to changes in the 

composition and function of gut microbiome and development of inflammatory bowel diseases. 

We therefore sought to examine the relationship between gastroenteritis and risk of microscopic 

colitis (MC).

Methods: We conducted a case-control study of all adult MC patients diagnosed between 1990–

2016 in Sweden matched to up to 5 general population controls according to age, sex, calendar 

year, and county. Cases of MC were identified using SNOMED codes from the ESPRESSO study, 

a cohort of gastrointestinal pathology reports from all 28 pathology centers in Sweden. We used 

logistic regression modeling to estimate adjusted odds ratios (aORs) and 95% CIs.

Results: Through December of 2016, we matched 13,468 MC cases to 64,479 controls. The 

prevalence of previous diagnosed gastrointestinal infection was 7.5% among MC patients which 

was significantly higher than in controls (3.0%, Pcomparison <0.001). After adjustment, 

gastroenteritis was associated with an increased risk of MC (aOR 2.63; 95%CI=2.42–2.85). 

Among specific pathogens, Clostridioides difficile (aOR 4.39, 95%CI=3.42–5.63), Norovirus 

(aOR 2.87, 95%CI=1.66–4.87) and Escherichia species (aOR 3.82, 95%CI=1.22–11.58) but not 

Salmonella species were associated with an increased risk of MC. The association between 

gastrointestinal infections and risk of MC was stronger for collagenous subtype (aOR 3.23, 95% 

CI 2.81–3.70) as compared to lymphocytic colitis (aOR = 2.51, 95% CI 2.28–2.76, Pheterogeneity = 

0.005). The associations remained significant after adjustment for immune-mediated conditions 

and polypharmacy and when compared to unaffected siblings.

Conclusion: In a nationwide study, we found that gastrointestinal infection, particularly 

Clostridioides difficile is associated with an increased risk of subsequent MC.

LAY SUMMARY:

Microscopic colitis is a common cause of diarrhea among older adults. In a nationwide study in 

Sweden, we found that gastrointestinal infections, particularly from Clostridioides difficile may be 

a risk factor for microscopic colitis.

Keywords

Pathogens; Epidemiology; Collagenous Colitis; Lymphocytic Colitis

INTRODUCTION:

Microscopic colitis (MC) is an inflammatory bowel disease (IBD) of the large intestine that 

primarily affects older adults. Histologically, the disease is further categorized into 

lymphocytic (dense lymphocytic infiltration, >20 lymphocytes /100 epithelial cells) and 

collagenous (expansion of collagen fiber, >15 microns with lymphocytic infiltration) colitis 

subtypes. The pathophysiology of MC is largely unknown but is thought to be related to loss 

of immune tolerance to environmental-induced perturbances in the aging microbiota1. 
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Genetic associations with the HLA region have been detected for MC in early small 

candidate studies2, and later larger Immunochip analyses3, 4, which were consistently 

replicated in independent cohorts and biobanks5, 6. Increased risk of collagenous colitis 

(CC), but not lymphocytic colitis (LC), 3,4 was observed in relation to an extended haplotype 

(8.1) that includes several genes coding for MHC molecules with a critical role in immune 

response to microbial pathogens. This observation supports the hypothesis that enteric 

infection through its effect on innate immune system and the community structure and 

function of the gut microbiome may increase risk of MC. This is further supported by 

previous observations that gastrointestinal infections have been linked to development of 

classical IBD (reviewed in 7). Additionally, a number of studies have demonstrated new 

onset MC in patients with recurrent Clostridioides difficile or following fecal microbiota 

transplantation8–12. Lastly, a recent study from Denmark demonstrated an association 

between Campylobacter infections and risk of MC13. Despite these compelling lines of 

evidence, no prior study has systematically examined the association between other 

bacterial, parasites and viral gastrointestinal infections and risk of MC.

We therefore sought to examine the association between all gastrointestinal infections and 

risk of MC in a nationwide histopathology database in Sweden.

METHODS:

The study was approved by the Stockholm Ethics Review Board. Informed consent was 

waived since the study was strictly a register-based analysis14.

Study population:

Ascertainment of MC cases: We have previously outlined our method for identifying 

MC cases in Sweden15–17. Briefly, we used ESPRESSO (Epidemiology Strengthened by 

histoPathology Reports in Sweden) cohort18, a cohort of gastrointestinal histology from all 

28 pathology departments in Sweden from January of 1965 until April of 2017. Each 

pathology report in ESPRESSO includes data on personal identity number, date of biopsy, 

anatomic location, and morphology according to Systematized Nomenclature of Medicine 

(SNOMED) system (collagenous colitis: M40600 and lymphocytic colitis: M47170). 

Supplementary Table 1 includes a list of definitions for all variables used to define study 

population. For this study, we only included MC cases diagnosed from January 1, 1990 until 

December 31, 2016. This time window was selected based on our prior study demonstrating 

a significant increase in incidence starting in early 1990s16. Similar time period has been 

used in other epidemiologic studies of MC in the US19–21. We defined date of diagnosis of 

MC as the date of first colorectal biopsy demonstrating MC. In a prior study, when 

comparing to a clinical diagnosis of MC obtained from review of medical records, our 

method of identifying cases had a positive predictive value of 95% demonstrating the 

validity of our outcome definition22.

Selection of population controls: We matched each MC case to up to 5 general 

population controls without a prior diagnosis of IBD or MC according to age, sex, calendar 

year, and county of residence at date of diagnosis. We used the Total Population Register in 
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Sweden to identify controls using personal identity number, a unique number assigned to all 

residents in Sweden14.

Selection of sibling controls: We identified siblings through the Multigeneration 

Register, a component of the Total Population Register that has collected information on 

family relationships from all registered residents in Sweden born since 1932 and alive on 

January 1, 196114.

Ascertainment of Exposure Information:

The Swedish Patient Register includes individual-level data on hospital discharges on a 

nationwide level since 1987 (and countywide since 1964)14. The register was expanded in 

2001 to also include specialized outpatient care. Information on enteric infections (bacterial, 

parasitic, viral and not otherwise defined) prior to study entry (among cases or matched 

controls) were collected from the register using international classification of disease (ICD)-

codes (Supplementary Table 2). The accuracy of ICD coding for ascertainment of diagnoses 

for the inpatient component of Swedish Patient Register has been previously validated with a 

positive predictive value of 85–95%23.

Other covariates:

Demographic information on age, sex, death or emigration were collected from the Swedish 

Total Population Register14. Additionally, we obtained data on education level as a measure 

of socioeconomic status from the LISA (longitudinal integrated database for health 

insurance and labor market studies). This database compiles and annually updates 

administrative information from the labor market and educational and social sectors from 

1990 onward on all individuals 16 years or older registered as residents in Sweden24.

We used the Swedish Prescribed Drug Register to obtain data on medication use25. Briefly, 

this Register was started on July 1, 2005 when information on all dispended medications 

including date of redemption, amount of drug, and dosage were directly transferred from 

pharmacy to the registry. Consistent with our prior analyses, we defined active treatment for 

MC as use of budesonide (ATC code: A07EA06). This was based on prior published 

randomized controlled trials26–28 and American Gastroenterological Association (AGA) and 

the European guidelines29, 30 showing that budesonide is effective in treatment of MC and is 

the recommended first line treatment. In this study, we defined active treatment as any use of 

budesonide within the first year of diagnosis of MC.

Lastly, information on other medical conditions including type 1 diabetes and thyroid 

disease were collected from the Swedish Patient Register while data on diagnosis of celiac 

disease were collected from the ESPRESSO study (Supplementary Table 1). We defined 

history of immune-mediated conditions as having at least one encounter for celiac disease, 

type 1 diabetes, psoriasis, systemic lupus, sarcoidosis, rheumatoid arthritis, thyroid disease, 

primary biliary cirrhosis, autoimmune hepatitis, and primary sclerosing cholangitis 

(Supplementary Table 3).
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Statistical analysis:

We conducted a case-control study of all incident MC patients diagnosed in Sweden from 

January 1, 1990 until December 1, 2016 matched to up to 5 population controls according to 

age, sex, calendar year, and county of residence at date of diagnosis. We excluded patients 

with history of IBD prior to study entry or those with a gastrointestinal infection within 6 

months of diagnosis for cases and index date for controls to minimize the bias related to 

miscoding of gastrointestinal infections in MC cases with delayed diagnosis (Figure 1). We 

modeled gastrointestinal infections as any infection, bacterial, parasitic, viral and others. We 

also examined the following specific bacterial and viral infections: Salmonella, Escherichia, 
Clostridioides difficile, and Norovirus. We used logistic regression modeling to estimate 

odds ratio and 95%CI while adjusting for age, sex, county, calendar year, education (≤ 9, 

10–12, > 12 years), and other immune-mediated conditions. Since MC is a rare outcome, we 

assumed that odds ratios are good approximations of relative risk estimates. Additionally, we 

examined the associations according to histologic subtypes of collagenous and lymphocytic 

colitis and used log likelihood ratio test to compare model fit between models assuming 

similar effect and models allowing for differential association according to histologic 

subtypes31.

A number of exploratory and sensitivity analyses were done. First, we conducted latency 

analyses examining the association between gastrointestinal infections and risk of MC 

according to different exposure time window (0.5 – < 1, 1- < 3, 3-< 5, ≥ 5 years). Second, 

we additionally adjusted our models for number of encounters (3 years to 6 months prior to 

index date) and use of medications commonly associated with MC including non-steroidal 

anti-inflammatory drugs (NSAIDs), proton pump inhibitors (PPIs), serotonin reuptake 

inhibitors (SSRIs), and statins to account for health seeking behaviors among those 

diagnosed with MC as well as residual confounding related to polypharmacy. Third, we 

explored the associations according to strata defined by sex, age of diagnosis (< 50 versus ≥ 

50 years), calendar period (1990–2006, 2007– 2011, and 2012–2016), and history of an 

immune-mediated disease. Fourth, we limited our cases of MC to those receiving treatment 

with budesonide. Lastly, we limited our definition of enteric infections to those that resulted 

in dispensed antibiotics (ATC codes are listed in Supplementary Table 1) within 2 weeks of 

diagnosis and examined their associations with risk of MC. All statistical analyses were 

carried out using R statistical software (version 3.5.2, R Foundation for Statistical 

Computing, Vienna, Austria). A p-value <0.05 was considered statistically significant.

RESULTS:

We matched 13,468 MC cases (4295 CC and 9173 LC) to 64,479 controls (Table 1). The 

mean age at MC diagnosis was 60 years (SD=17) with women accounting for more than 

70% of participants. Compared to population controls, patients with MC were more likely to 

have been born in a Nordic country (94% vs 85%, respectively) and have an earlier 

diagnosis of celiac disease (3.4% vs. 0.1%, respectively) and immune-mediated condition 

(23.7% vs 11.6%, respectively). There was no difference in socioeconomic status as defined 

by number of years of education between MC and population controls (Table 1).
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The prevalence of previous diagnosed gastrointestinal infection was 7.5% among patients 

with MC which was significantly higher than in population controls 3.0% (Pcomparison < 

0.001). Specifically, compared to population controls, the OR of MC after adjusting for 

matching factors for any gastrointestinal infection was 2.72 (95%CI=2.51–2.94) (Figure 2). 

The estimate was similar when additionally adjusting for education and immune-mediated 

diseases (aOR= 2.63, 95%CI=2.42–2.85). The increased risk was consistent when the 

analyses were limited to infections from bacteria (aOR=2.85, 95%CI=2.45–3.30), parasites 

(aOR=2.46, 95%CI=1.32–4.41) and virus (aOR=2.58, 95%CI=1.95–3.38). Among specific 

pathogens, we saw an increased risk of MC with Clostridioides difficile (aOR=4.39, 

95%CI=3.42–5.63), Escherichia species (aOR 3.82, 95%CI=1.22–11.58), and Norovirus 

(aOR=2.87, 95%CI=1.66–4.87) but not Salmonella. We observed an association with both 

histologic subtypes of CC and LC, albeit the magnitude of association was stronger with CC 

subtype (Supplementary Table 5). Specifically, compared to population controls, any 

gastrointestinal infection was associated with an aOR of 3.12 (95%CI=2.70–3.59) for CC 

and 2.42 (95%CI=2.19–2.68) for LC. Formal statistical comparison of these estimates did 

reach significance (Pheterogeneity = 0.005). Similar to our primary analysis, we observed an 

association between Clostridioides difficile infection and risk of both CC (aOR=4.07, 

95%CI=2.70–6.12) and LC (aOR=4.56, 95%CI=3.33–6.25).

In exploratory analyses, we examined the association between gastrointestinal infection and 

MC according to different exposure time window. Although, the relative risk of MC 

appeared to be highest within 6–12 months (aOR=3.42, 95%CI=2.35–4.94), it remained 

elevated even 3 years after a gastrointestinal infection (aOR=2.63, 95%CI=2.04–3.36). We 

also explored the association between gastrointestinal infection and MC according to strata 

defined by sex, calendar year, and concomitant autoimmune disease observed no evidence 

for effect modification (All Pintereaction > 0.08) (Table 2). We did observe a stronger 

association between gastrointestinal infection and risk of MC with older age of diagnosis ≥ 

50 years (Pinteraction = 0.038). Specifically, among participants with age at index date ≥ 50 

years, the aOR of MC was 2.76 (95% CI 2.50– 3.04). The corresponding aOR participants 

with age index date < 50 years was 2.31 (95% CI 1.98–2.68).

In sensitivity analyses, we considered the possibility that the observed associations may in 

part be related to differential health seeking behaviors between MC cases and controls and 

therefore additionally adjusted our models for the number of health-related encounters 

within the last 3 years of index date and observed similar associations. Specifically, 

compared to population controls, gastrointestinal infection was associated with aORs of 1.92 

(95%CI = 1.76–2.09) for MC, 2.16(95%CI=1.85–2.52) for CC and 1.81(95%CI=1.63–2.01) 

for LC. We also considered the possibility that differential health seeking behavior (i.e. 

patients with MC are more likely to have been prescribed medications) may have explained 

our findings. Therefore, we limited our study population to 2007, one and a half year after 

introduction of the Swedish Prescribed Register and further adjusted our models for 

medications known to be associated with risk of MC including NSAIDs, PPI, SSRI, and 

statins as well as number of health-related encounters within 6 months to 3 years of index 

date. Compared to population controls, gastrointestinal infection was associated with an 

aOR of 1.52 (95% CI 1.28 −1.81) for MC. Similar to our primary analysis, Clostridioides 
difficile infection was particularly associated with an increased risk of MC (aOR=2.15, 
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95%CI=1.38–3.33). We also considered the possibility that our finding may be related to 

antibiotic exposure and therefore excluded participants who received antibiotics with 

diagnosis of gastrointestinal infection and observed an aOR for MC of 1.52 (95%CI=1.26–

1.83) with any infection. Similarly, when we limited cases of gastrointestinal infections to 

those followed by antibiotics therapy, the association was slightly strengthened, aORs = 1.74 

(95%CI=1.15–2.61) with any infection.

Lastly, we explored the possibility that shared genetics or early life factors may have 

accounted for our observed associations and therefore conducted an additional sensitivity 

analysis examining the relationship between gastrointestinal infections and risk of MC using 

unaffected siblings as comparators (Table 3, Supplementary Tables 4 and 6). The aORs of 

MC were 1.79, (95%CI 1.56–2.07) with any infection, 1.75, (95% CI 1.34–2.28) with 

bacterial infection, 3.04 (95%CI 1.11– 8.29) with parasitic infection, and 1.84 (95%CI 1.12 

– 3.03) with viral infection, when compared to their unaffected siblings.

DISCUSSION:

In a nationwide case-control study of over 13,000 patients with MC, we found that 

gastrointestinal infection was associated with a nearly 3-fold increased risk of MC, and this 

excess risk persisted beyond 3 years after the infection. The increased risk of MC appeared 

to be strongest following infection with Clostridioides difficile and with older age of 

diagnosis and CC histologic subtype. Our primary finding of an increased association 

between gastrointestinal infection and risk of MC remained consistent across multiple 

sensitivity and exploratory analyses.

One recent study by Nielson and colleagues from Denmark examined the association 

between positive stool culture for Campylobacter concisus, Campylobacter jejuni, non-

typhoidal Salmonella or negative stool culture and risk of MC13. The study found an 

association with C. concisus (HR=9.3, 95%CI=4.1 to 20.1) and negative stool culture 

(HR=5.6, 95%CI=4.6–7.2) but not Salmonella species (HR=1.2, 95%CI=0.2–11.1). These 

findings are at least in part consistent with our observation that no or negative bacterial 

culture but not Salmonella species are associated with increased risk of MC. Nevertheless, 

our study that included nationwide coverage of MC cases and comprehensively assessed the 

relationship with all gastrointestinal infections (including viral and parasites) significantly 

expand on these prior findings. Our finding that Clostridioides difficile infection is 

particularly associated with an increased risk of MC is consistent with prior epidemiologic 

studies of Clostridioides difficile infection with classical IBD (reviewed in 7). Importantly, 

we have previously confirmed this relationship using a similar study population and study 

design in Swedish Patient Register32. Lastly, a number of case series have reported new 

onset MC following recurrent C.difficile infection or fecal microbiota transplantation8–12.

The pathophysiology of MC remains largely unknown. Emerging evidence suggests that 

similar to classical IBD, the disease occurs as a result of an aberrant immune response to the 

luminal microenvironment in a genetically susceptible host. First, genetic association studies 

have shown that variants within HLA genes are associated with risk of MC2, 4–6, similar to 

other chronic diseases with aberrant immune response to the gut microenvironment (i.e. 
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celiac disease33 and classical IBD34). Second, human translational studies have 

demonstrated complete histologic remission with fecal diversion (i.e. creation of an 

ileostomy bag) in patients with refractory disease, and recurrence of histologic inflammation 

after re-establishing the fecal stream35–37, underscoring the critical role of gut microbiota in 

the pathogenesis of MC. Moreover, recent work from our group has demonstrated that 

compared to patients with functional diarrhea (i.e. chronic diarrhea without underlying 

inflammation), gut microbiota in active MC is characterized by significant dysbiosis 38. 

Lastly, medications such as PPIs and NSAIDs previously shown to be associated with risk of 

MC are known to have significant impact on the composition of the gut microbiota39–43. 

Therefore, it’s plausible that gastrointestinal infections increase risk of MC broadly through 

their effect on the gut microbiome composition and function. Additionally, our findings that 

Clostridioides difficile infection, concomitant antibiotics therapy, and older age are more 

strongly associated with risk of MC is likely related to the characteristically profound and 

persistent pro-inflammatory changes in the gut microbiota observed in these subgroups. 

However, we note that our observed associations were independent of antibiotics use. 

Although, it’s unclear how microbiome changes can trigger an immune response, genetic 

association studies have suggested a possible link between genes coding for MHC 

molecules3,4,5, 6, which are involved in recognition of extracellular pathogens by innate 

immunity, and risk of MC. This raises the possibility that gastrointestinal infections either 

directly or through alteration of the gut microenvironment may lead to T-cell activation 

through MHC molecules. This proposed mechanism is in part supported by our observation 

of a stronger association between enteric infection and CC, which appears to be the only 

subtype possibly linked to genes encoding MHC molecules3,4.

Our study has several strengths. This is the first nationwide cohort study that 

comprehensively examines the association between gastrointestinal infections and risk of 

MC in cohorts that collected data prospectively in routine medical care. Therefore, our study 

is less likely to be susceptible to selection and recall biases that are inherent to many 

observational studies. We identified cases of MC using a validated method demonstrating a 

positive predictive value of 95%. Lastly, we used multiple comparator groups (i.e. siblings) 

and definitions (i.e. active treatment) and performed latency analysis to demonstrate that our 

results were robust and not due to misclassification of exposure related to delayed diagnosis 

of MC.

We highlight several limitations. We used ICD coding to ascertain information on 

gastrointestinal infection, which may be susceptible to underreporting or inaccurate 

representation of the type of infection, introducing exposure misclassification. However, 

since such misclassification is likely non-differential, it would have likely biased our results 

toward null. Additionally, although the sensitivity of capturing all gastrointestinal infection 

in patient register may be only modest, in a recent validation study in Denmark, the positive 

predictive value was 82% (95%CI 73–88%) for definitive gastroenteritis and 92% (95%CI 

85–96%) for definitive or probable gastroenteritis44. We also did not have specific 

information on the results of stool culture and therefore were limited in examining the 

associations according to more specific pathogens. However, we note that majority of stool 

studies in routine clinical practice are negative due to difficulties in culturing pathogens45. 

Lastly, we did not have information on lifestyle factors that may have confounded our 
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observed associations and could not assess whether the associations were consistent 

according to other racial and ethnic groups.

In conclusion, in a nationwide case-control study we demonstrate that previous diagnosed 

gastrointestinal infection is associated with an increased risk of MC. The associations were 

particularly stronger for Clostridioides difficile infection and older age of diagnosis and CC 

histologic subtype but appeared to be independent of shared genetics and early life factors. 

Our findings further highlight the role of perturbances in the gut microenvironment in the 

pathogenesis of MC. Future investigations on the potential mechanism by which 

gastrointestinal infection increases risk of MC, particularly in genetically susceptible hosts 

are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT YOU NEED TO KNOW

BACKGROUND AND CONTEXT:

Gastrointestinal infections have been linked to changes in the composition and function 

of gut microbiome and development of inflammatory bowel diseases. However, the 

relationship between gastrointestinal infections and risk of microscopic colitis has not 

been fully investigated.

NEW FINDINGS:

In a nationwide study, we found that gastrointestinal infection, particularly Clostridioides 
difficile is associated with an increased risk of microscopic colitis. The associations were 

stronger with collagenous colitis subtype as compared to lymphocytic colitis.

LIMITATIONS:

Information on gastrointestinal infections were extracted from diagnostic codes and stool 

culture information was not available. Additionally, the vast majority of participants in 

the study were white, possibly limiting the generalizability of the findings.

IMPACT:

Understanding the underlying mechanism of these associations may provide significant 

insights into the pathogenesis of microscopic colitis.
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Figure 1: 
Flow chart of eligible participants in the study
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Figure 2: 
Association between gastrointestinal infection and risk of MC

*Abbreviations: microscopic colitis (MC), number (No.) multivariable (MV), and odds ratio 

(OR). ∆ Models adjusted for matching factors: age, sex, county, and calendar year. † Models 

were additionally adjusted for education, and comorbidities according to categories listed in 

Table 1.
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Table 1:

Characteristics of cases and controls at index data*

Population controls
N=64,479

Microscopic colitis
N=13,468

Collagenous colitis
N=4295

Lymphocytic colitis
N=9173

Sex, female 46,525 [72.2] 9697 [72.0] 3310 [77.1] 6387 [69.6]

Age at start of follow up

Mean [SD] years 59.6 [16.7] 60.2 [16.8] 63.13 [15.0] 58.79 [17.4]

Median [IQR] years 63.0 [50.0–72.0] 63.0 [51.0–73.0] 65.0 [55.0–75.0] 62.0 [49.0–72.0]

< 50 years 15,945 [24.7] 3230 [24.0] 750 [17.5] 2480 [27.0]

≥ 50 years 48,534 [75.3] 10,238 [76.0] 3545 [82.5] 6693 [73.0]

Country of birth

Nordic 57,170 [88.7] 12,642 [93.9] 4114 [95.8] 8528 [93.0]

Other 7309 [11.3] 826 [6.1] 181 [4.2] 645 [7.0]

Age at diagnosis

Mean [SD] years N.A. 60.2 [16.8] 63.13 [15.0] 58.79 [17.4]

Years of diagnosis

1990 – 2006 21,420 [33.2] 4442 [33.0] 1444 [33.6] 2998 [32.7]

2007 – 2011 21,645 [33.6] 4528 [33.6] 1468 [34.2] 3060 [33.4]

2012 – 2016 21,414 [33.2] 4498 [33.4] 1383 [32.2] 3115 [34.0]

History of gastroenteritis 1920 [3.0] 1030 [7.6] 358 [8.3] 672 [7.3]

Time from gastroenteritis to index date

Mean [SD] years 16.2 [12.4] 14.3 [11.7] 13.7 [11.9] 14.6 [11.6]

Median [IQR] years 13.4 [4.7–26.3] 11.0 [4.0–23.1] 9.7 [3.5–22.0] 11.7 [4.4–23.9]

0.5 < 1 years 79 [0.1] 56 [0.4] 22 [0.5] 34 [0.4]

1 < 3 years 223 [0.4] 138 [1.0] 52 [1.2] 86 [0.9]

3 < 5 years 199 [0.3] 111 [0.8] 44 [1.0] 67 [0.7]

> = 5 years 1419 [2.2] 725 [5.4] 240 [5.6] 485 [5.3]

Education
¶

≤ 9 years 17,957 [27.9] 3526 [26.2] 1290 [30.0] 2236 [24.4]

10–12 years 25,785 [40.0] 5486 [40.7] 1771 [41.2] 3715 [40.5]

≥ 13 years 18,490 [28.7] 4080 [30.3] 1122 [26.1] 2958 [32.3]

Missing 2247 [3.5] 376 [2.8] 112 [2.6] 264 [2.9]

Comorbidities

Celiac disease 45 [0.1] 462 [3.4] 156 [3.6] 306 [3.3]

Immune-mediated diseases 
∆ 7,507 [11.6] 3196 [23.7] 1223 [28.5] 1973 [21.5]

*
Abbreviations: Not applicable (NA), standard deviation (SD) and interquartile range (IQR).

¶
Categories based on compulsory school, high school, and college.

∆
includes psoriasis, thyroid disease, rheumatoid arthritis, systemic lupus erythematosus, sarcoidosis, vasculitis, autoimmune hepatitis, primary 

sclerosing cholangitis, primary biliary cirrhosis, and celiac disease.
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Table 2:

Association between any gastrointestinal infection and risk of MC according to selected strata*

Strata Controls Number exposed MC Number exposed MV-adjusted OR, 95% CI Pinteraction

Sex

Males 462 250 2.61 [2.21–3.08] 0.940

Females 1458 780 2.63 [2.39–2.89]

Age at index data

< 50 years 659 308 2.31 [1.98–2.68] 0.038

≥ 50 years 1261 722 2.76 [2.50–3.04]

Years since exposed

< 1 79 55 3.42 [2.35–4.94] 0.222

1<=3 223 137 2.99 [2.38–3.74]

3<=5 199 111 2.63 [2.04–3.36]

> = 5 1419 725 2.53 [2.30–2.78]

Calendar year

1990 – 2006 498 285 2.80 [2.39–3.27] 0.086

2007 – 2011 629 369 2.85 [2.48–3.27]

2012 – 2016 793 376 2.35 [2.05–2.67]

Calendar year

No 1609 722 2.53 [2.31–2.78] 0.599

Yes 311 308 2.68 [2.24–3.21]

*
Abbreviations: collagenous colitis (CC), confidence interval (CI), lymphocytic colitis (LC), microscopic colitis (MC), number (No.), odds ratio 

(OR), Models were adjusted for age, sex, calendar year, county, education, and comorbidities according to categories listed in Table 1.
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Table 3:

Association between gastrointestinal infection and risk of MC using unaffected sibling as comparators*

Exposures Controls Number exposed MC Number exposed MV-adjusted OR, 95% CI

Any 538 543 1.79 [1.56–2.07]

Bacteria 138 141 1.75 [1.34–2.28]

Salmonella sp 15 9 1.24 [0.51–3.00]

Escherichia sp 5 2 0.59 [0.11–3.25]

Clostridioides difficile 35 53 2.55 [1.58–4.10]

Parasites 8 13 3.04 [1.11–8.29]

Virus 43 44 1.84 [1.12–3.03]

Norovirus 11 9 2.32 [0.83–6.47]

Others 379 400 1.88 [1.59–2.23]
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