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Opportunistic Infections Are More Prevalent in Crohn’s Disease
and Ulcerative Colitis: A Large Population-Based Study
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Background: Opportunistic infections (OIs) are more common in patients with inflammatory bowel disease (IBD); however, there have been
limited large-scale studies of Ols in IBD. We investigated the epidemiological characteristics of OI in Crohn’s disease (CD) and ulcerative colitis
(UC) using a large population-based database.

Methods: Data were collected from a commercial database (Explorys Inc., Cleveland, OH, USA) that provided electronic health records from
26 major integrated US health care systems from 1999 to March 2018. In this data set, we identified all CD and UC patients, based on Systemized
Nomenclature of Medicine—Clinical Terms. Within these cohorts, we identified a variety of Ols and compared the prevalence rate of OI in indi-
viduals with IBD with that of controls (patients in the database between March 2013 and March 2018 without the diagnosis of IBD).

Results: Explorys included 153,290 patients with CD and 128,540 patients with UC between March 2013 and March 2018. The prevalence of
Ols was 17.8% in CD, 19.2% in UC, and 7% in non-IBD controls. When compared with non-IBD controls, all OIs were more common in CD
(prevalence ratio [PR], 2.54; 95% confidence interval [CI], 2.51-2.57) and UC (PR, 2.74; 95% CI, 2.71-2.77). Overall, viral infections were numer-
ically more common, whereas bacterial infections had the highest PRs in CD and UC when compared with controls without IBD.

Conclusions: We found significantly higher rates of OI in IBD. Our study suggests the need for close follow-up of IBD patients to diagnose and

provide vaccinations where applicable for prevention of infections.
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INTRODUCTION

The inflammatory bowel diseases (IBDs), Crohn’s di-
sease (CD) and ulcerative colitis (UC), are chronic inflam-
matory diseases of the intestinal tract characterized by an
exaggerated systemic immune response.! For this reason, the
cornerstone of therapy for these diseases is immunosuppres-
sive (IS) agents that temper the host inflammatory response.>
3 By virtue of this mechanism, these agents have been associ-
ated with an increased risk of opportunistic infections (OIs).*
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5 In parallel, patients with IBD commonly exhibit other risk
factors for OIs, including malnutrition, older age, and chronic
medical disease such as diabetes.” The OIs in IBD encompass
bacterial infections (tuberculosis, nocardiosis, Clostridium
difficile infection, pneumococcal infection, legionellosis, and
listeriosis), fungal infections (histoplasmosis, cryptococcosis,
Pneumocystis jirovecii infection, aspergillosis, and candidi-
asis), and viral infections (herpes simplex virus, human pap-
illoma virus, influenza virus).** Although this propensity for
increased risk of infection in IBD patients is widely appreci-
ated, the exact risk has not been comprehensively defined in
the United States. In fact, to our knowledge, there have been
no large-scale studies that comprehensively define the epide-
miology of OIs in IBD in the United States. Given the high
burden of IBD in the United States,*’ we sought to deter-
mine, using a large population-based commercial database,
the overall prevalence of multiple OIs in CD and UC and to
further characterize the distribution of these Ols based on
certain clinical characteristics.

METHODS

Database

We performed a retrospective analysis of a large population-
based commercial database (Explorys Inc., Cleveland, OH,
USA). The data set contains a collection of electronic health
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record (EHR) data from 26 major integrated health care systems
spread over 50 states in the United States from 1999 to 2018.% The
data of more than 50 million patients, approximately 15% of the
population, over all 4 United States census regions are included.’
Explorys contains de-identified patient data from participating
institutions and uses a health data gateway (HDG) server behind
the firewall of each participating health care organization that
collects de-identified data from various health information sys-
tems’ EHRs using billing inquiries. Data are then standardized
and normalized by Explorys. Additionally, the patient matching
engine ensures that each patient is represented only once.!
Diagnoses, findings, and procedures are mapped into the US edi-
tion of the Systematized Nomenclature Of Medicine—Clinical
Terms (SNOMED-CT) hierarchy. Each participating health care
institution has access to Explorys online (password protected),
which allows browsing of the data for all participating health care
institutions. Explorys data are automatically updated at least once
every 24 hours.® To prevent the identification of individual patient
data through combinations of specific SNOMED-CT attributes,
cohort information is statistically de-identified using rounding: All
numbers are rounded to the nearest 10. Furthermore, Explorys is
a Health Insurance Portability and Accountability Act (HIPAA)-
compliant platform and thus is exempt from institutional review
board (IRB) review.® !!

Patient Selection

Using the Explorys search tool, we identified a co-
hort of UC and CD within the period March 2013 to March
2018. Crohn’s disease patients were defined as those having a
SNOMED-CT diagnosis of “Crohn’s disease,” and UC pa-
tients were defined as those having a diagnosis of “ulcerative
colitis.” The specific codes that are represented by these gen-
eral terms are represented in Supplementary Table 1. The con-
trols used were the remaining patients in the database from
March 2013 to March 2018 without a diagnosis of “Crohn’s
disease” and without a diagnosis of “ulcerative colitis.” Within
this aggregated cohort, patients with OIs were identified by
SNOMED-CT diagnosis codes (Supplementary Table 2).
Although international classification of diseases, ninth re-
vision (ICD-9) and SNOMED-CT are both medical termi-
nology systems for recording medical diagnoses and concepts,
SNOMED-CT has many more concepts to be coded per clin-
ical document than ICD-9,'"" which makes it more accurate and
comprehensive in terms of enlisting pertinent clinical informa-
tion.'> ' Our group has successfully used the Explorys database
to study eosinophilic colitis, eosinophilic esophagitis, myocar-
dial infarction in IBD, multiple sclerosis, and the prevalence of
colorectal cancer in the elderly.'® '+ Although validation of the
SNOMED-CT codes “Crohn’s disease” and “ulcerative colitis”
has not been performed, prior studies have looked at conditions
such as Hidradenitis Suppruitiva, which has a 1:1 mapping of
the SNOMED-CT code to the ICD-9 code, and found a positive
predictive value of 79.3% and accuracy of 90%.°
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Statistical Analysis

For patients with CD and UC, demographics were char-
acterized by descriptive statistics. Similarly, for each OI, dem-
ographics were described by descriptive statistics. Univariate
analysis was performed to assess the differences in prevalence of
the OIs between those with CD, UC, and controls (individuals
without CD and UC) by calculating the prevalence ratio (PR)
and 95% confidence interval (CI). Sex- and race-adjusted PRs
and confidence intervals were also calculated using the Open
Source Epidemiologic Statistics for Public Health software
tool with a 2x2 table to calculate 2-tailed Fisher exact P values
and 2-tailed Mantel-Haenszel chi-square P values.'” For OIs in
which the counts (numbers) were sufficiently large (n > 5), we re-
port the 2-tailed Mantel Haenszel chi-square P values.

To calculate the overall period prevalence, we identified
all patients in the database with CD and UC between March
2013 and March 2018. We then divided this number by the total
number of patients in the database (from March 2013 to March
2018), thus ensuring that all patients were in the denominator
(source population) if they had the disease. We further subdiv-
ided the patients into 3 age groups, children (age <18 years),
adults (age 18-65 years), and elderly (age >65 years), to charac-
terize the distribution of OlIs by age.

To determine the prevalence of an OI in IBD, we iden-
tified the total number of OI cases diagnosed between March
2013 and March 2018 in CD and UC subcohorts and divided
it by the total number of patients with CD and total number
of patients with UC, respectively (from March 2013 to March
2018). Similarly, age- and sex-specific prevalence rates were cal-
culated. In comparing age-specific prevalence, children (age
<18 years) and elderly (age >65 years) were compared with
adults (age 18-65 years) for each OI by IBD diagnosis. To cal-
culate sex-specific prevalence, males were compared with fe-
males for each OI by IBD diagnosis. We also calculated the
overall prevalence of fungal infections by adding the cases of
histoplasma, cryptococcus, aspergillosis, and candidiasis; bac-
terial infection by adding the cases of listeriosis, pneumococcal
disease, nocardiosis, Clostridium difficile, and tuberculosis; and
viral diseases by adding the cases of herpes simplex virus (HSV),
human papillomavirus (HPV), Epstein-Barr virus (EBV), and
cytomegalovirus (CMV) in CD and UC, respectively. In addi-
tion, we identified cases of OI in IBD and non-IBD controls
in whom there was HIV coinfection with the SNOMED-CT
code “human immunodeficiency virus infection.” For Ols with
coinfection with HIV, we performed an analysis excluding HIV.

RESULTS

Prevalence of Inflammatory Bowel Disease
Among the 35,420,110 individuals in the database be-

tween March 2013 and March 2018, we identified 153,290

patients with CD and 128,540 patients with UC. The crude
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prevalence (per 100,000) of CD was 432.9, and the crude preva-
lence (per 100,000) of UC was 362.9. The prevalence of CD was
higher in females than in males at 473 per 100,000 vs 384 per
100,000 (PR, 1.23; 95% CI, 1.22-1.24; P < 0.0001). Similarly,
the prevalence of UC was higher in females than in males, at
388 per 100,000 vs 333 per 100,000 (PR, 1.17; 95% CI, 1.15-
1.18; P < 0.0001). The prevalence of CD and UC was higher in
Caucasians compared with African Americans (PR, 1.64; 95%
CI 1.61-1.67; P < 0.0001; and PR, 1.98; 95% CI, 1.94-2.03;
P <0.0001; respectively). The highest prevalence for CD was in
adults (18-65 years), whereas the highest prevalence of UC was
in elderly (age >65 years). Interestingly, even though the overall
prevalence of CD was higher than that of UC, in the elderly
cohort (age >65 years), the prevalence of UC was higher than
CD. These baseline demographic data are presented in Table 1.
The 5-year age interval-based prevalence of CD and UC fur-
ther demonstrated this finding and showed that the prevalence
of UC was lower than CD until the age of 69 years, and at the
age bracket 70-74 years, there was a switch and subsequently
UC became more prevalent than CD (Fig. 1).

Overall Prevalence of Opportunistic Infections

We identified 27,300 cases of OI in CD and 24,690 cases
of OI in UC between March 2013 and March 2018. The prev-
alence of OIs was 17.8% in CD, 19.2% in UC, and 7% in non-
IBD controls. When compared with the non-IBD controls, all
OlIs were more common in CD (PR, 2.54; 95% CI, 2.51-2.57)
and UC (PR, 2.74; 95% CI, 2.71-2.77). Overall, viral infections
were numerically more common, whereas bacterial infections
had the highest risk ratios in CD and UC when compared with
controls without IBD (Table 2).

The individual prevalence rates for all Ols are described
in Table 3. The OIs with the highest occurrence in IBD patients

were Clostridium difficile (CD: PR, 11.5; 95% CI, 11.1-11.8;
UC: PR, 17.2; 95% CI, 16.8-17.7) and CMV (CD: PR, 10.4;
95% CI, 9.4-11.6; UC: PR, 14.6; 95% CI, 13.2-16.1). The
top 3 most prevalent Ols numerically in IBD patients were
candidiasis (5858/100,000 in CD and 5702/100,000 in UC),
Clostridium difficile (2596/100,000 in CD and 3905/100,000
in UC), and human papillomavirus (3901/100,000 in CD
and 4092/100,000 in UC). The most prevalent opportunistic
bacterial infection was Clostridium difficile (2596/100,000 in
CD and 3905/100,000 in UC), followed by pneumococcal di-
sease (296.6/100,000 in CD and 303.4/100,000 in UC) and le-
gionella (19.6/100,000 in CD and 31.1/100,000 in UC). The
most prevalent viral infections were HPV (3901/100,000 in
CD and 4092/100,000 in UC), influenza (2322/100,000 in CD
and 2342/100,000 in UC), and HSV (1938/100,000 in CD
and 1914/100,000 in UC). The most prevalent fungal infec-
tions were candidiasis (5858/100,000 in CD and 5703/100,000
in UC), histoplasmosis (104.4/100,000 in CD and 93.4
/100,000 in UC), and aspergillosis (71.8/100,000 in CD and
85.6/100,000 in UC). As expected from previous published
studies, Clostridium difficile and cytomegalovirus infections
were less common in CD than UC (PR, 0.66; 95% CI, 0.64—
0.69; and PR, 0.72; 95% CI, 0.62-0.83; respectively) whereas
tuberculosis was more common in CD than UC (PR, 1.26;
95% CI, 1.03-1.54). On exclusion of HIV, the prevalence
of OI in IBD continued to be significant, with a similar odds
ratio and identical P value, as shown in Supplementary Tables
3 and 4. Patients with pneumocystis had the highest rates of
coinfection with HIV, with 33% of CD patients and 40% of
UC patients with pneumocystis having HIV. Interestingly, ex-
clusion of HIV patients from the cohort resulted in similar
albeit slightly higher PRs, though with overlapping confi-
dence intervals of pneumocystis in IBD patients.

TABLE 1. Baseline Demographic Data of CD and UC in Explorys Between March 2013 and March 2018

Source Population, No. (%)

CD Cases, No. (%)

CD Prevalence® UC Cases, No. (%) UC Prevalence®

Overall 35,420,110 153,290 432.8 128,540 362.9
Male 15,796,220 (45) 60,820 (40) 385.0 52,640 (41) 333.2
Female 19,532,410 (55) 92,440 (60) 4733 75,880 (59) 388.5
Unknown 91,470 (0) 30 (0) - 20 (0) -
Age group?

Children (<18 y) 5,425,580 (15) 2700 (1.8) 49.8 1240 (0.96) 229
Adults (18-65y) 22,440,390 (63) 112,240 (73) 500.2 86,810 (67) 386.8
Elderly (>65y) 7,498,510 (21) 38,370 (25) S11.7 40,580 (32) 541.2
Race

Caucasian 22,181,890 (63) 125,660 (82) 566.5 107,000 (83) 482.4
African American 3,923,400 (11) 13,580 (8.9) 346.1 9540 (7.4) 243.2
Asian 691,630 (2.0) 1980 (1.3) 286.3 1840 (1.4) 266.0
Hispanic/Latin American 476,060 (1.3) 1000 (0.65) 652.4 920 (0.72) 715.7

*Prevalence reported per 100,000.
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FIGURE 1. Age-specific prevalence of CD and UC between March 2013 and March 2018.

TABLE 2. Overall Prevalence of Fungal, Bacterial, and Viral Infections in CD and UC Compared With Non-IBD Control

Prevalence
Prevalence  Prevalence in PR in CD vs PR in UC vs
CD ucC Non-IBD in CD? in UC? Non-IBD* Non-IBD Non-IBD PR in CD vs UC
Overall OI 27,300 24,690 2,465,010 17,809.4 19,208.0 7015.2 2.54;95% CI, 2.74;95% CI, 0.93; 95% CI,
2.51-2.57; 2.71-2.77; 0.91-0.94;
P <0.0001 P <0.0001 P <0.0001
All fungal 9350 7630 719,570 6099.5 5935.9 2047.8 2.98; 95% CI, 2.90; 95% CI, 1.03; 95% CI,
2.92-3.04; 2.84-2.96; 1.00-1.06;
P <0.0001 P <0.0001 P =0.069
All bacterial 4720 5630 126,190 3079.1 4390.0 359.1 8.54; 95% CI, 12.20; 95% CI, 0.70; 95% CI,
8.33-8.82; 11.88-12.52; 0.68-0.73;
P <0.0001 P <0.0001 P <0.0001
All viral 13,230 11,430 1,619,250 8630.7 8892.2 4608.2 1.87;95% CI, 1.93; 95% ClI, 0.97;95% CI,
1.84-1.90; 1.90-1.96; 0.95-0.99;
P <0.0001 P <0.0001 P=0.014

“Prevalence reported per 100,000.

Prevalence of Opportunistic Infections by Age
Viral infections, that is, influenza (CD: PR, 2.47; 95%
CI, 2.11-2.90; UC: PR, 1.72; 95% CI, 1.30-2.26) and EBV
(CD: PR, 2.68; 95% CI, 1.71-4.21; UC: RR, 2.80; 95% CI,
1.49-5.26), were more prevalent in children (<18 years of age)
when compared with adults (18 to 65 years) for both UC and
CD. On the other hand, certain fungal infections, that is, as-
pergillosis (CD: PR, 2.93; 95% CI, 1.98-4.33; UC: PR, 3.21;
95% CI, 2.15-4.79), histoplasmosis (CD: PR, 1.6; 95% CI,
1.17-2.19; UC: PR, 2.14; 95% CI, 1.50-3.06), and bacterial in-
fections, that is, pneumococcal disease (CD: PR, 3.34; 95% CI,
2.78-4.02; UC: PR, 3.08; 95% CI 2.51-3.76), were more prev-
alent in the elderly (>65 years) when compared with adults
(18-65 years) for both UC and CD. Pneumocystis, however,
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was not more prevalent in the elderly when compared with
adults (CD: PR, 1.46; 95% CI, 0.86-2.50; UC: PR, 1.07; 95%
CI, 0.63-1.83; respectively).

The prevalence of OI by age for CD and UC when com-
pared with a control group of adults is described in "Table 4A
and B, respectively. In addition, the 5-year age interval prev-
alence rates for candidiasis, Clostridium difficile, pneumo-
coccal disease, influenza, HPV, EBV, and CMYV are shown in
Supplementary Figure 1. Due to the overall low prevalence of
nocardia, legionella, and listeria, the data in Explorys did not
provide us the granularity to identify epidemiological trends by
age. Similarly, we lacked detailed data in certain age ranges for
OI in CD and UC, demonstrated in Table 4 as N/A, that is,
missing data.
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TABLE 3. Prevalence of Ol in UC and CD Compared With Non-IBD Controls

Prevalence  Prevalence Prevalencein PR in CD vs PR in UC vs PR in
CD UC Non-IBD inCD? in UC? Non-IBD? Non-IBD Non-IBD CDvs UC

Histoplasmosis 160 120 8030 104.4 934 22.9 4.57;,95% CI, 4.09; 95% CI, 1.12; 95% CI,
3.91-5.34; 3.41-4.89; 0.88-1.42;
P <0.0001 P <0.0001 P =0.387

Cryptococcosis 40 20 1410 26.1 15.6 4.0 6.50; 95% CI, 3.88; 95% CI, 1.68; 95% CI,
4.75-8.90; 2.49-6.03; 0.98-2.87;
P <0.0001 P <0.0001 P=0.073

Pneumocystis 60 50 3310 39.1 38.9 9.4 4.16; 95% CI, 4.13;95% CI, 1.01; 95% CI,
3.22-5.36; 3.12-5.46; 0.69-1.46;
P <0.0001 P <0.0001 P >0.999

Aspergillosis 110 110 5820 71.8 85.6 16.6 4.33;95% CI1, 5.17;95% CI, 0.84; 95% CI,
3.59-5.23; 4.28-6.24; 0.64-1.09;
P <0.0001 P <0.0001 P=0.215

Candidiasis 8980 7330 701,000 5858.2 5702.5 1995.0 2.94;95% CI, 2.86; 95% CI, 1.03; 95% CI,
2.88-3.00; 2.80-2.92; 1.00-1.06;
P <0.0001 P <0.0001 P=0.078

Listeriosis 10 10 300 6.5 7.8 0.9 7.64; 95% CI, 9.11; 95% CI, 0.84; 95% CI,
4.07-14.35; 4.85-17.11; 0.35-2.01;
P <0.0001 P <0.0001 P=0.861

Legionella 30 40 4000 19.6 31.1 114 1.72;95% Cl, 2.73;95% CI, 0.63; 95% CI,
1.20-2.46; 2.00-3.73; 0.39-1.01;
P =0.008 P <0.0001 P =0.070

Pneumococcal 450 390 31,310 293.6 303.4 89.1 3.30; 95% CI, 3.41;95% CI, 0.97;95% CI,
disease 3.00-3.62; 3.08-3.76; 0.85-1.11;
P <0.0001 P <0.0001 P =0.657

Nocardiosis 10 10 630 6.5 7.8 1.8 3.64; 95% CI, 4.34; 95% CI, 0.84; 95% CI,
1.95-6.80; 2.32-8.10; 0.35-2.01;
P =0.0001 P =0.0003 P =0.861

Clostridium 3980 5020 79,580 2596.4 3905.4 226.5 11.46; 95% CI, 17.24; 95% CI1, 0.66; 95% CI,
difficile 11.11-11.83; 16.77-17.73; 0.64-0.69;

P <0.0001 P <0.0001 P <0.0001

Tuberculosis 240 160 10,370 156.6 124.5 29.5 5.31;95% CI, 4.22;95% CI, 1.26; 95% CI,
4.67-6.03; 3.61-4.93; 1.03-1.54;

P <0.0001 P <0.0001 P =0.0270

Influenza 3560 3010 515,960 2322.4 2341.7 1468.4 1.55;95% CI, 1.60; 95% ClI, 0.99; 95% CI,
1.50-1.60; 1.54-1.65; 0.95-1.04;
P <0.0001 P <0.0001 P=0.735

HPV 5980 5260 691,020 3901.1 4092.1 1966.6 1.98; 95% CI, 2.08; 95% CI, 0.95;95% CI,
1.94-2.03; 2.03-2.14; 0.92-0.99;
P <0.0001 P <0.0001 P =0.010

EBV 370 290 46,360 241.4 225.6 131.9 1.83;95% CI, 1.71; 95% CI, 1.07; 95% CI,
1.65-2.03; 1.52-1.92; 0.92-1.25;
P <0.0001 P <0.0001 P=0.411

CMV 350 410 7690 228.3 319.0 21.9 10.43; 95% CI, 14.57;95% CI, 0.72; 95% CI,
9.37-11.61; 13.20-16.09; 0.62-0.83;

P <0.0001 P <0.001 P <0.0001

HSV 2970 2460 358,220 1937.5 1913.8 1019.5 1.90; 95% CI, 1.88; 95% ClI, 1.01; 95% ClI,
1.83-1.97; 1.81-1.95; 0.96-1.07;
P <0.0001 P <0.0001 P =0.648

*Prevalence reported per 100,000.

Prevalence of Opportunistic Infections by Sex
Cytomegalovirus (CD: PR, 1.28; 95% CI, 1.04-1.58; UC:
PR, 1.59; 95% CI, 1.31-1.92) was more prevalent in males than

in females in both CD and UC (Table 5A, 5B). On the other
hand, candidiasis (CD: PR, 0.47; 95% CI, 0.45-0.49; UC: PR,
0.46; 95% CI, 0.44-0.48), influenza (CD: PR, 0.82; 95% CI,
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0.76-0.87; UC: PR, 0.85; 95% CI, 0.79-0.91), HPV (CD: PR,
0.54;95% CI, 0.51-0.57; UC: PR, 0.47; 95% CI, 0.44-0.50), and
HSV (CD: PR, 0.48; 95% CI, 0.45-0.53; UC: PR, 0.46; 95% CI,
0.42-0.51) were more prevalent in females in both CD and UC
(Table 5A, 5B). In CD, C. difficile (PR, 0.92; 95% CI, 0.86-0.98)
was less prevalent in males; however, in UC, there was a numer-
ical trend toward lower prevalence, but it did not reach statis-
tical significance. Pneumocystis, aspergillosis, and legionellosis
were more prevalent in males with CD but not in UC. There
were no sex differences in the prevalence rates of histoplas-
mosis, cryptococcus, pneumococcal disease, EBV, and tubercu-
losis. Due to the low prevalence of nocardia and listeria, the

data in Explorys did not enable us to identify epidemiological
trends by sex for these infections.

DISCUSSION

In this large, geographically diverse study of nonselected
patients, we found a higher prevalence of multiple Ols, in-
cluding fungal, bacterial, and viral infections in both CD and
UC in comparison with non-IBD controls. Furthermore, our
subgroup analyses highlighted the impact of age and sex on
the prevalence of OIs in IBD. To our knowledge, this is the lar-
gest study conducted in the United States that estimates the

TABLE 5. Prevalence of Ol by Sex in CD and UC

Sa. Crohn’s Disease

Males, No. Females, No. Prevalence, Males? Prevalence, Females® PR in Males vs Females
Histoplasmosis 70 100 115.1 108.2 1.06; 95% CI, 0.78-1.44; P = 0.746
Cryptococcus 20 20 329 21.6 1.52;95% CI, 0.82-2.82; P =0.242
Pneumocystis 40 20 43.3 32.9 3.04; 95% CI, 1.78-5.20; P < 0.0001
Aspergillosis 60 50 64.9 82.2 1.82; 95% CI, 1.25-2.65; P = 0.002
Candidiasis 2110 6870 3469.3 7431.8 0.47; 95% CI, 0.45-0.49; P < 0.0001
Legionellosis 20 10 329 10.8 3.04; 95% CI, 1.42-6.49; P = 0.005
Pneumococcal disease 180 270 296.0 292.1 1.01; 95% CI, 0.84-1.22; P = 0.927
C. difficile 1500 2480 2466.3 2682.8 0.92; 95% CI, 0.86-0.98; P = 0.009
Influenza 1240 2310 2038.8 2498.9 0.81; 95% CI, 0.76-0.87; P < 0.0001
HPV 1560 4420 2564.9 4781.5 0.54; 95% CI, 0.41-0.57; P < 0.0001
EBV 140 230 230.2 248.8 0.93; 95% CI, 0.75-1.14; P = 0.502
CMV 160 190 263.1 205.5 1.28; 95% CI, 1.04-1.58; P = 0.025
HSV 720 2260 1183.8 2444.8 0.48; 95% CI, 0.45-0.53; P < 0.0001
Tuberculosis 110 130 209.0 171.3 1.29; 95% CI, 1.00-1.66; P = 0.061
5b. Ulcerative Colitis
Males, No. Females, No. Prevalence, Males® Prevalence, Females® PR in Males vs Females

Histoplasmosis 40 70 76.0 92.3 0.82;95% CI, 0.56-1.22; P =0.378
Cryptococcus 10 10 19.0 13.2 1.44; 95% CI, 0.60-3.46; P = 0.547
Pneumocystis 30 30 39.5 57.0 1.44;95% CI, 0.87-2.39; P =0.197
Aspergillosis 50 60 95.0 79.1 1.20; 95% CI, 0.83-1.75; P = 0.388
Candidiasis 1760 5560 3343.5 7327.4 0.46; 95% CI, 0.43-0.48; P < 0.0001
Legionellosis 20 20 38.0 26.4 1.44; 95% CI, 0.78-2.68; P = 0.316
Pneumococcal disease 160 230 304.0 303.1 1.00; 95% CI, 0.82-1.23; P > 0.999
C. difficile 2000 3020 3799.4 3980.0 0.95; 95% CI, 0.90-1.01; P = 0.100
Influenza 1110 1890 2108.7 2490.8 0.85;95% CI, 0.79-0.91; P < 0.0001
HPV 1300 3960 2469.6 5218.8 0.47; 95% CI, 0.44-0.50; P < 0.0001
EBV 120 170 228.0 224.0 1.02; 95% CI, 0.81-1.29; P = 0.929
CMV 220 200 417.9 263.6 1.59; 95% CI, 1.31-1.92; P < 0.0001
HSV 600 1870 1139.8 2464.4 0.46; 95% CI, 0.42-0.51; P < 0.0001
Tuberculosis 70 90 133.0 118.6 1.12;95% CI, 0.82-1.53; P = 0.522

“Prevalence reported per 100,000.
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prevalence of Ols in IBD while also comprehensively defining
the effects of age and sex on prevalence.

We report that fungal infections, such as Candida and
histoplasmosis, were more prevalent fungal infections in IBD.
Furthermore, aspergillosis infection in IBD patients tracked
with age, whereas Candida infections were more common in
women with IBD. Similar to our study, a prior systematic re-
view by Stamatiades et al. that included 1524 IBD patients found
Candida infections, followed by histoplasmsosis, to be the most
prevalent fungal infections in IBD patients.' One of the largest
studies examining histoplasmosis in the general population esti-
mated the overall incidence rate to be 3.3/100,000 among indi-
viduals older than 65 years between 1998 and 2008, a number
lower than our findings in patients with IBD."” The inferred
higher numbers of IBD patients in this study with histoplasmosis
when compared with the overall estimates of histoplasmosis in
the United States provided by Baddley and Benedict et al. sug-
gest an increased risk of histoplasmosis in IBD patients."->* For
pneumocystosis, a prior retrospective cohort study by Long et al.
showed a higher crude incidence of PCP of 10.6/100,000 in pa-
tients with IBD when compared with 3.0/100,000 in those without
IBD,?! a finding very similar to ours. Before our study, there were
limited data on cryptococcus and aspergillosis in IBD, mostly in
the form of case series or case reports.’>2 Histoplasmosis, asper-
gillosis, and candidiasis were more common in the elderly with
IBD when compared with adult patients. There have been no
prior studies exploring the relationships of these infections with
age (Badley et al. was limited to a population >65 years for histo-
plasmosis), making this an important study examining these re-
lationships. In addition, Candida infections were more prevalent
in females in both CD and UC.

We found bacterial infections to be more prevalent in pa-
tients with IBD when compared with those without IBD. Of
these infections, C. difficile was the most prevalent opportun-
istic bacterial disease. We found C. difficile to be significantly
less prevalent in CD than in UC, which is a similar to a recent
large Canadian study by Singh et al. that showed lower mean
annual incidence of C. difficile in CD (377 per 100,000 person-
years) compared with UC (512 per 100,000 person-years follow
up).”” Consistent with our results, a prior study by Mir and
Kellermeyer et al. found the prevalence of C. difficile infection
in pediatric IBD to be 8.1%, significantly higher than in the
general population,® and increased C. difficile was also noted
in younger IBD patients (age <30 years) in the Canadian study.
Our study also showed that pneumococcal infections are highly
prevalent bacterial infections in patients with CD and UC. The
risks for pneumococcal infection include age, chronic illness,
and chronic immunosuppressive therapy, making patients with
IBD at increased risk for the disease. A recent study by Kantse
et al. using a nationwide Danish cohort found that patients
with IBD were at an increased risk of invasive pneumococcal
disease even 4 years before diagnosis, with a UC hazard ratio of
1.51 (95% CI, 1.05-2.17) and a CD hazard ratio of 1.79 (95%

CI, 1.05-3.03).” Furthermore, we found pneumococcal preva-
lence to be higher in elderly patients with CD and UC, which
is similar to a US claims database study by Long et al., which
showed the highest absolute risk of pneumonia in elderly pa-
tients with IBD.?! Although there have been case reports and re-
views of legionella, listeria, and nocardiosis in IBD patients,**-3?
there have been no prior large-scale studies of their prevalence
in IBD, making ours the first to describe this relationship.

We found that multiple viral infections were more
prevalent in IBD when compared with the general popula-
tion. Influenza was the most prevalent viral infection in IBD,
whereas CMV had the highest risk ratios in IBD. Similar to
our results, Tinsley et al., using MarketScan data from January
2008 to December 2011, demonstrated increased risk of influ-
enza and influenza-related hospitalization in IBD patients as
compared with patients without IBD.** We also found influenza
to be more prevalent in children when compared with adults,
and this relationship with age has not been previously described
in patients with IBD. Of the viral infections studied, CMV was
significantly less prevalent in CD compared with UC, which is
not dissimilar to a case—control study by McCurdy et al. from
the Mayo Clinic that showed CMV to be less frequent in CD
than in UC.** Furthermore, we demonstrated CMYV to be more
prevalent in males in both CD and UC. HSV was more preva-
lent in IBD, a relationship that has been described previously™;
however, we also noted a higher prevalence of HSV in females
when compared with males for both CD and UC. Similarly,
EBYV was also found to be more prevalent in UC and CD than
in non-IBD controls; although there are few data on infection,
EBYV seroprevalence (EBV DNA in blood) has been noted to be
more common in IBD patients than in healthy controls.*

With regard to tuberculosis (TB), we found a higher
prevalence of pulmonary tuberculosis in CD and UC when
compared with non-IBD controls. Furthermore, TB was
more common in CD than in UC. TNF-alpha inhibitors are
a known risk factor for the activation of latent TB, and as
such the American College of Gastroenterology and American
Gastroenterological Association recommend screening for la-
tent TB before initiating treatment with these agents.>*” These
stringent guidelines have likely led to decreased prevalence of
TB in IBD.

Our study very importantly highlights that many vaccine-
preventable diseases like influenza, HPV, and pneumococcal in-
fection are still common in IBD patients. Even though effective
vaccines are available for each of these infections,* there is an
unmet need to educate providers and patients regarding timely
and appropriate vaccination for these common infections.

There are certain limitations that need to be acknowledged
with this study. As we used SNOMED-CT codes for the diagnosis
of diseases, not all patients with infections may have been cap-
tured, and others may have been misclassified. Validation of the
diagnosis of these OIs was not possible, as data are de-identified
on curation to the Explorys database and definite diagnostic
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information such as histology reports and blood tests are not
available in the database. Furthermore, a major drawback of the
study is that the medication data in Explorys are incompletely
curated and medication usage time with respect to IBD diag-
nosis is not documented. However, by incorporating a very large
number of cases and controls, we mitigate the effects of the above
confounders. Another limitation of our study is that we were un-
able to capture information such as sociodemographic factors
and geographical locations of these cases with OI. Finally, a lim-
itation of this database is that Explorys rounds to 10, which can
have a significant impact on the diseases with very low prevalence,
making the prevalence of diseases such as nocardiosis likely to be
less reliable when compared with diseases with higher prevalence.

CONCLUSIONS

Overall, this is the largest study to date that has described
the prevalence of OI in CD and UC in the United States. We
found significantly higher rates of bacterial, fungal, and viral
Ol in IBD patients when compared with controls without IBD.
Our study suggests the need for close follow-up of IBD patients
to diagnose these OIs and suggests the importance of ensuring
that IBD patients are up to date with vaccinations such as
pneumonia, HPV, and influenza.

SUPPLEMENTARY DATA

Supplementary data are available at Inflammatory Bowel
Diseases online.
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