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Opportunistic infections changed
before and after SARS-CoV-2
infection in inflammatory bowel
disease patients: a retrospective
single-center study in China

Zhenzhen Fan', He Zhou', Jiaqi Zhang, Xiaoning Liu, Tong Wu,
Yanting Shi, Junchao Lin and Jie Liang*

State Key Laboratory of Holistic Integrative Management of Gastrointestinal Cancers and National
Clinical Research Center for Digestive Diseases, Xijing Hospital of Digestive Diseases, Fourth Military
Medical University, Xi'an, China

Objective: SARS-CoV-2 transmission has become a serious worldwide public
health concern. However, there is currently insufficient data to determine
whether SARS-CoV-2 infection would affect opportunistic infections in
inflammatory bowel disease (IBD) patients.

Methods: A retrospective study included 451 IBD patients (294 UC and 157
CD). The IBD patients were divided into two groups: before SARS-CoV-2
infection and after SARS-CoV-2 infection, and outcomes were measured for
these groups. The primary outcome was the presence and distribution of
opportunistic infections. The secondary outcomes included factors associated
with opportunistic infections, based on which a nomogram prediction model
was developed and validated.

Results: After SARS-CoV-2 infection, the proportion of IBD patients with
opportunistic infections by Clostridium difficile (21.31% vs. 14.01%, p = 0.044)
and Epstein—Barr virus (13.93% vs. 4.35%, p=0.001) was significantly higher
compared to that before. Conversely, the proportion of patients with hepatitis
B virus (3.69% vs. 10.14%, p = 0.006) and herpes simplex virus type | (1.23% vs.
4.35%, p = 0.04) infections was significantly lower after the infection. Additionally,
pre-SARS-CoV-2 infection factors associated with opportunistic infections in
IBD include duration of illness, red blood cell count, the presence of comorbid
chronic illnesses, and alcohol consumption, while post-SARS-CoV-2 infection,
the primary risk factors involve corticosteroid use, red blood cell count, protein
level, and high-sensitivity C-reactive protein.

Conclusion: After the SARS-CoV-2 infection, there has been a shift in the
occurrence of opportunistic infections among IBD patients. It might be attributed
to the use of corticosteroids and also the strengthening of containment
measures, heightened public health awareness, and widespread vaccination.
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1 Introduction

Inflammatory Bowel Disease (IBD) is a chronic, relapsing
autoimmune disorder with incompletely understood etiology and
pathogenesis, primarily comprising Ulcerative Colitis (UC) and
Crohn’s Disease (CD) (1). With no definitive cure available, treatment
often relies on immunosuppressive medications, increasing the risk of
opportunistic infections in patients (2). These infections are typically
caused by microorganisms that have limited or no pathogenicity in
healthy individuals but can cause disease when the immune function
is compromised (3). Besides medication, the risk of infection is
influenced by several factors, such as malnutrition, old age, genetic
immunodeficiencies, and other chronic conditions. While the direct
correlation with immunosuppressive drugs is established, the impact
of other factors is supported mainly by indirect evidence (4). IBD
patients frequently contract the following opportunistic infections (1):
viral infections, such as cytomegalovirus (CMV), Epstein-Barr virus
(EBV), herpes simplex virus type I (HSV-I), herpes simplex virus type
II (HSV-1I), hepatitis B virus (HBV), hepatitis C virus (HCV), and
rubella virus (RV) (2); bacterial infections, like TB and Clostridium
difficile infection (CDI) (3); fungal infections, like Candida (4);
parasitic infections, like Toxoplasma (TOX) (2, 5, 6).

Against the backdrop of the SARS-CoV-2 pandemic (7), this virus
not only impacts the respiratory system but also affects multiple organs
including the heart, liver, gastrointestinal system (8-10). Research by
Zhong et al. has also shown that SARS-CoV-2 infection can cause
gastrointestinal symptoms like diarrhea, nausea, vomiting, and loss of
appetite (11). This is particularly significant for IBD patients, as clinical
data suggest that while the disease activity and endoscopic evaluations
do not show significant changes pre and post-SARS-CoV-2 infection
(12), the persistent presence of viral antigens in their gastrointestinal
tract and significant microbiome shifts compared to healthy controls
may increase their risk of opportunistic infections (13). These findings
underscore the importance of comprehensive management and close
monitoring of IBD patients after SARS-CoV-2 infection.

On the other hand, IBD patients with a higher risk of opportunistic
infections have been a key focus in studies on the safety of SARS-
CoV-2 vaccines. Current research indicates that vaccination has not
been associated with severe adverse events (14). As public health
awareness increases and vaccine coverage expands, the impact of
opportunistic infections on IBD patients and their prognosis may have
changed. However, clinical evidence remains limited. While a few
studies have addressed this issue (15), specific research on
opportunistic infections is still lacking. Therefore, our study aims to
explore the distribution and influencing factors of opportunistic
infections among IBD patients before and after SARS-CoV-2 infection,
intending to develop a predictive model for early identification and
intervention of potential infection risks. We conducted a retrospective
study at Chinas largest IBD center, assessing the incidence and
associated factors of opportunistic infections before and after
infection, and based on this, developed a stable predictive model.

2 Materials and methods
2.1 Study design and participants

In this retrospective study, we collected and analyzed
demographic and clinical data of patients with IBD who visited
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the Department of Gastroenterology at the First Affiliated
Hospital of the Air Force Medical University in China from
January 2020 to December 2023. Since the outbreak of SARS-
CoV-2 in January 2020 and the implementation of comprehensive
and strict control measures in China, all hospitalized patients
were required to provide proof of negative SARS-CoV-2 nucleic
acid testing. By December 2022, with the comprehensive lifting of
the epidemic situation in China, the relevant policies were lifted.
Therefore, this study used December 2022 as the dividing point
between before and after SARS-CoV-2 infection for the included
patients, dividing them into two groups: pre-infection (January
2020 to December 2022, 207 cases) and post-infection (December
2022 to December 2023, 244 cases). Subsequently, subgroup
analyses for UC and CD were performed for these two groups
of patients.

The First Affiliated Hospital Ethics Committee of Air Force
Medical University, China gave the study their blessing
(KY20232246-C-1). The study was retrospective in nature; therefore,
patient consent documents were not required. This investigation was
carried out in compliance with the guidelines provided in the World
Medical Association’s Declaration of Helsinki.

2.2 Inclusion and exclusion criteria

Patients eligible for the study must be aged >18 years, of any
gender, and must have a confirmed diagnosis of IBD according to
the Chinese consensus on diagnosis and treatment of
inflammatory bowel disease (16), which includes clinical
presentation, laboratory test results, colonoscopy and biopsy
pathology, as well as imaging studies. However, patients with
incomplete clinical data, those aged <18 years, unclear diagnosis
of IBD, or non-primary diagnosis of IBD were excluded from the
analysis. A total of 502 patients were included in this study, with
51 excluded because they were aged <18 years (n =5), unable to
provide a clear diagnosis (n = 16), or had incomplete clinical data
(n =30; Figure 1).

2.3 Collection of clinical data

This study systematically gathered baseline clinical data from
IBD patients, encompassing demographic parameters (disease type,
gender, age, height, weight, BMI, smoking history, and alcohol
consumption), underlying chronic conditions (such as
hypertension, diabetes, chronic liver disease, chronic heart disease,
chronic kidney disease, chronic lung disease, and chronic gastritis),
extraintestinal manifestations (like joint pain, iritis or uveitis,
erythema nodosum, pyoderma gangrenosum, oral ulcers,
hepatobiliary disease, and thromboembolic disease), complications
(psoriasis, toxic megacolon, intestinal perforation, lower
gastrointestinal bleeding, dysplasia, malignancy, fistula, perianal
lesions, and ankylosing spondylitis), disease progression,
medication history for IBD (including 5-Aminosalicylic Acid,
corticosteroids, immunosuppressants, and biologics), Montreal
classification, IBD staging (mild, moderate, severe, and remission),
opportunistic infections (CMV, EBV, HBV, HCV, HSV-I, HSV-II,
RV, TOX, TB, CDI, and fungi), and laboratory test indicators, in

addition to SARS-CoV-2 testing.
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NCOI, not combined opportunistic infections.

Research process diagram. IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn's disease; COIl, combined opportunistic infections;

2.4 Definition of combined opportunistic
infections

The opportunistic infection guidelines for Crohn’s disease and
ulcerative colitis in Europe (17) and the evidence-based agreement
on opportunistic infections in Chinese inflammatory bowel
disease (18) determine which pathogens are chosen for
examination in this study. Here’s how one defines combined
opportunistic infections: (1) HBV infection: peripheral blood
HBsAg positive or HBV-DNA >1001U/ml; (2) HCV infection:
peripheral blood anti-HCV IgM/IgG positive or elevated
HCV-RNA copy number; (3) HSV infection: clinical symptoms
(clustered vesicles and herpes-like skin lesions, etc.) combined
with HSV-IgM positive or positive nucleic acid test in lesion tissue
or secretion to confirm diagnosis; (4) CMV infection: clinical
symptoms (watery diarrhea or bloody diarrhea, abdominal pain,
etc.) combined with elevated CMV-DNA copy number or positive
pp65 antigen or positive CMV IgM or positive inclusion bodies to
confirm diagnosis; (5) EBV infection: clinical symptoms (fever,
pharyngitis, lymphadenopathy, etc.) combined with laboratory
tests (positive EBV IgM or positive EBV nuclear antigen or
elevated peripheral blood EBV-DNA copy number) to confirm
diagnosis; (6) TB infection: diagnosis based on previous history
of tuberculosis, contact history, chest X-ray, tuberculin skin test
(PPD skin test), and interferon release assay (IGRAs); (7) CDI:
diagnosed based on clinical symptoms such as watery diarrhea,
abdominal pain, and positive detection of CDI toxin B in feces or
amplification of toxin B gene through nucleic acid amplification
test, or positive fecal culture; (8) Fungal infection: diagnosed
based on clinical symptoms of fungal infection and positive
laboratory tests (fungal culture or pathology). Some patients may
also show typical fungal infection imaging manifestations, and
positive serum G test/GM test can assist in diagnosis; (9) SARS-
CoV-2 infection: diagnosed based on positive nasal or throat swab
virus antigen or nucleic acid test (19).
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2.5 Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
[version 26.0], Origin [version 9.9.0], GraphPad Prism [version
9.0.0], and RStudio [version 4.3.2]. Continuous variables between
two groups were compared using t-tests for normally distributed
variables, expressed as meanz+standard deviation. For
non-normally distributed continuous variables, the Mann-
Whitney U test was utilized and presented as the median
(interquartile range). Categorical variables were represented by
counts and percentages, with intergroup comparisons conducted
using the chi-square test and Fisher’s exact test. The Spearman
rank correlation analysis was employed to assess the correlation
between opportunistic infections in IBD patients before and after
SARS-CoV-2 infection. The software Origin and GraphPad Prism
were utilized to visualize the combined opportunistic infection
rates in IBD (UC and CD) patients before and after SARS-
CoV-2 infection.

Utilizing both univariate and multivariate logistic regression
analyses, we aimed to identify factors associated with opportunistic
infections in IBD (UC and CD) patients before and after SARS-
CoV-2 infection. Additionally, collinearity diagnosis was conducted
for the multivariate logistic regression model, which resulted in
rejecting its presence. Based on the multivariate logistic regression
results (p <0.05), nomogram models were separately constructed for
predicting IBD (UC and CD) patients before and after SARS-CoV-2
infection using the R package rms in RStudio 4.3.2. Internal
validation was performed using bootstrapping (1,000 iterations), and
corresponding receiver operating characteristic (ROC) curves,
calibration curves, clinical decision curves, and clinical impact
curves were plotted to verify the accuracy and reliability of the
prediction models. Multiple imputation was employed for continuous
variables to fill missing values, limited to no more than 10%. All
studies utilized two-tailed tests, with significant differences noted for
p<0.05.
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3 Results

3.1 Demographic and clinical
characteristics of IBD (UC and CD) patients
before and after SARS-CoV-2 infection

This study included a total of 451 IBD patients (294 UC and 157
CD), among them, 207 cases (120 UC and 87 CD) were before SARS-
CoV-2 infection, and 244 cases (174 UC and 70 CD) were after SARS-
CoV-2 infection. The clinical and demographic features of IBD (UC
and CD) both before and after SARS-CoV-2 infection are shown in
Table 1. There were no statistically significant differences in baseline
data between IBD (UC and CD) patients before and after SARS-
CoV-2 infection, indicating a good balance and comparability of the
two datasets.

3.2 The distribution and correlation of
opportunistic infections in IBD (UC and
CD) patients before and after SARS-CoV-2
infection

The spectrum of opportunistic infections in IBD before and after
SARS-CoV-2 infection. After infection, EBV levels rise, while HSV-I
levels decrease, with CDI consistently ranking No. 1 infection
(Figure 2A). Additionally, we constructed a correlation analysis matrix
heatmap to assess the relationships between co-occurring
opportunistic infections (Figure 2B). In the heatmap, red indicates a
positive correlation, blue indicates a negative correlation, and the
depth of color reflects the strength of the correlation. We found
significant correlations (p <0.01) persistently observed between CMV,
RV, and EBV co-infections in contrast to before and after SARS-
CoV-2 infection.

3.3 Comparison of the incidence of
opportunistic infections in IBD (UC and
CD) patients before and after SARS-CoV-2
infection

We observed a significant increase in the incidence rates of CDI
(21.31% vs. 14.01%, p=0.044) and EBV (13.93% vs. 4.35%, p=0.001)
infections in IBD patients following SARS-CoV-2 infection,
compared to pre-SARS-CoV-2 infection, indicating a statistically
significant difference between the two. Conversely, the incidence
rates of co-infections with HBV (3.69% vs. 10.14%, p=0.006) and
HSV-I (1.23% vs. 4.35%, p=0.04) significantly decreased
(Figure 3A).

Through longitudinal analysis of subgroups, we noted a
significant increase in the incidence rates of CDI (25.29% vs.
15.83%, p=0.049) and EBV (14.94% vs. 4.17%, p=0.003) infections
in UC patients following SARS-CoV-2 infection, while the
incidence rate of co-infection with HSV-I significantly decreased
(1.15% vs. 5.83%, p=0.022; Figure 3B). For CD patients,
we observed a significant decrease in the incidence rate of HBV
co-infection following SARS-CoV-2 infection (2.86% vs. 11.49%,
p=0.043), with no significant differences in other aspects
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(Figure 3C). Subsequently, we further compared the lateral changes
in infection rates between UC and CD patients before and after
SARS-CoV-2 infection (Figure 2C) and found that UC patients had
a higher incidence of opportunistic infections compared to CD
patients. Additionally, regarding latent tuberculosis infection
(LTBI) co-infection in IBD (UC and CD) patients before and after
SARS-CoV-2 infection, we did not observe significant differences
(Supplementary Figure 1).

3.4 Factors associated with the
co-occurrence of opportunistic infections
in IBD (UC and CD) patients before and
after SARS-CoV-2 infection

In this study, variables with a p-value <0.05 from the univariate
analysis of opportunistic infections in IBD patients before and after
SARS-CoV-2 infection were included in the binary multivariable
logistic regression model (Tables 2, 3). Before SARS-CoV-2 infection,
duration of illness [Odds Ratio (OR): 1.082, 95% Confidence Interval
(CI): 1.014-1.156, p=0.018], red blood cells (RBC) [OR: 0.402, 95%
CI: 0.268-0.603, p <0.001], underlying chronic diseases [OR: 3.025,
95% CI: 1.195-7.656, p=0.019], and alcohol consumption [OR:
6.916, 95% CI: 2.122-22.538, p=0.001] were identified as factors
associated with opportunistic infections in IBD patients (Table 4).
On the other hand, after SARS-CoV-2 infection, corticosteroids use
[OR: 3.082, 95% CI: 1.633-5.817, p=0.001], RBC [OR: 0.529, 95%
CI: 0.327-0.856, p=0.01], total protein (TP) [OR: 0.948, 95% CI:
0.914-0.983, p=0.004], and high-sensitivity C-reactive protein
(Hs-CRP) [OR: 1.011, 95% CI: 1.002-1.020, p =0.013] were identified
as factors associated with opportunistic infections in IBD patients
(Table 5).

Subgroup analyses were performed on IBD patients, with
variables with a p-value<0.05 from the univariate analysis of UC
(Supplementary Tables 1, 2) and CD (Supplementary Tables 5, 6)
patients included in the multivariable logistic regression model.
In UC patients, factors associated with the concurrent occurrence
of opportunistic infections before SARS-CoV-2 infection included
alcohol consumption [OR: 4.861, 95% CI: 1.769-13.357, p=0.002],
immunosuppressants [OR: 4.653, 95% CI: 1.319-16.416,
p=0.017], and RBC [OR: 0.486, 95% CI: 0.285-0.826, p=0.008]
(Supplementary Table 3). On the other hand, factors associated
with the concurrent occurrence of opportunistic infections after
SARS-CoV-2 infection in UC patients included disease extent E3
[OR: 6.361, 95% CI: 1.947-20.787, p=0.002], RBC [OR: 0.352,
95% CI: 0.172-0.720, p=0.004], TP [OR: 0.934, 95% CI: 0.889-
0.981, p=0.007], and high-sensitivity C-reactive protein (Hs-CRP)
[OR: 1.017, 95% CI: 1.004-1.030, p=0.011]
(Supplementary Table 4). For CD patients, factors associated with
the concurrent occurrence of opportunistic infections before
SARS-CoV-2 infection included underlying chronic diseases [OR:
11.886, 95% CI: 1.841-76.736, p=0.009], RBC [OR: 0.491, 95%
CI: 0.261-0.924, p=0.027], and D-dimer [OR: 5.125, 95% CI:
1.625-16.163, p=0.005] (Supplementary Table 7). Factors
associated with the concurrent occurrence of opportunistic
infections after SARS-CoV-2 infection in CD patients included
corticosteroids use [OR: 5.167, 95% CI: 1.261-21.170, p=0.022]
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TABLE 1 Demographic and clinical characteristics of IBD (UC and CD) patients before and after SARS-CoV-2 infection.

Before
SARS-CoV-2
infection

IBD

After SARS-
CoV-2
infection

Before
SARS-CoV-2
infection

uc

After SARS-
CoV-2
infection

p-value

Before
SARS-CoV-2
infection

CD

After SARS-
CoV-2
infection

Patient (n) 207 244 120 174 87 70
Age (years) 41.00 (31.00,54.00) 43.00 (33.00,56.00) 0.215 45.00 (34.00,57.75) 46.00 (36.00,57.00) 0.902 34.00 (25.00,47.00) 37.50 (27.75,51.50) 0.536
Height (cm) 170.00 168.00 0.404 168.50 168.00 0.939 170.00 168.00 0.248
(162.00,173.00) (160.25,173.75) (160.25,173.00) (160.00,173.25) (164.00,175.00) (161.50,174.25)
Weight (kg) 50.00 (57.50,66.00) 58.00 (50.00,69.00) 0.441 57.75 (51.00,68.00) 60.00 (51.00,70.00) 0.379 57.00 (50.00,65.00) 55.00 (49.75,65.75) 0.756
BMI (kg/m?) 20.35 (18.54,22.91) | 20.79 (19.03,23.44) 0.102 20.62 (18.64,23.63) | 21.11 (19.36,23.53) 0.216 20.00 (18.29,22.22)  20.00 (18.22,22.56) 0.635
Duration of illness (years) 2.41 (0.34,5.17) 2.17 (0.41,5.98) 0.992 2.47 (0.34,5.25) 2.72(0.80,6.35) 0.212 2.30 (0.36,4.92) 0.55 (0.00,2.50) 0.110
Gender 1 (%) 0.078 0.149 0.556
Male 138 (66.7) 143 (58.6) 77 (64.2) 97 (55.7) 61 (70.1) 46 (65.7)
Female 69 (33.3) 101 (41.4) 43 (35.8) 77 (44.3) 26 (29.9) 24 (34.4)
Disease activity # (%) 0.223 0.451 0.087
Active phase 189 (91.3) 230 (94.3) 116 (96.7) 165 (94.8) 14 (16.1) 5(7.1)
Remission phase 18 (8.7) 14 (5.7) 4(3.3) 9(5.2) 73 (83.9) 65 (92.9)
Smoking 7 (%) 44 (21.3) 41 (16.8) 0.228 29 (24.2) 30 (17.2) 0.145 15 (17.2) 11 (15.7) 0.798
Alcohol consumption n (%) 46 (22.2) 38 (15.6) 0.071 32(26.7) 31(17.8) 0.069 14 (16.1) 7 (10.0) 0.265
Underlying chronic diseases n (%) 36 (17.4) 45 (18.4) 0.772 23(19.2) 34 (19.5) 0.937 13 (14.9) 11 (15.7) 0.894
Extraintestinal manifestations 1 (%) 41 (19.8) 38 (15.6) 0.239 15 (12.5) 22 (12.6) 0.971 26 (29.9) 16 (22.9) 0.323
Previous medication use n (%) <0.001 0.01 0.687
5-ASA 179 (44.6) 208 (58.3) 112 (49.3) 162 (63.0) 67 (38.7) 46 (46.0)
Corticosteroids 94 (23.4) 69 (19.3) 62 (27.3) 54 (21.0) 32(18.5) 15 (15.0)
Immunosuppressants 46 (11.5) 19 (5.3) 22(9.7) 7(2.7) 23 (13.3) 12 (12.0)
Biologics 82 (20.4) 61 (17.1) 31(13.7) 34 (13.2) 51(29.5) 27 (27.0)

IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn’s disease; BMI, body mass index.
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FIGURE 2

Changes in opportunistic pathogen infections in IBD patients before and after SARS-CoV-2 infection. (A) The spectrum of opportunistic infections in
IBD patients; (B) heatmap of pathogen correlation, showing the correlation between different pathogens; (C) horizontal comparison of infection rates
between UC and CD. [*p <0.05, **p <0.01]. UC, ulcerative colitis; CD, Crohn's disease; CMV, cytomegalovirus, EBV, Epstein—Barr virus, HSV-I, herpes
simplex virus I; HSV-1I, herpes simplex virus II; HBV, hepatitis B virus; HCV, hepatitis C virus; RV, rubella virus; TB, tubercle bacilli; CDI, Clostridium
difficile infection; TOX, toxoplasma.
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FIGURE 3

Longitudinal comparison of opportunistic infections complicating IBD (A), UC (B), and CD (C) patients before and after SARS-CoV-2 infection.
[*p <0.05, **p < 0.01]. IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn's disease; CMV, cytomegalovirus, EBV, Epstein-bar virus,
HSV-1, herpes simplex virus I; HSV-II, herpes simplex virus Il; HBV, hepatitis B virus; HCV, hepatitis C virus; RV, rubella virus; TB, tubercle bacilli; CDI,
Clostridium difficile infection; TOX, toxoplasma.

and immunosuppressants [OR: 7.333, 95% CI: 1.426-37.704, multivariable logistic regression models mentioned above. All
p=0.017] (Supplementary Table 8). Collinearity diagnostics were  variables had tolerance values greater than 0.10, and the variance
conducted, and no multicollinearity was observed in the inflation factors were less than 3.
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TABLE 2 Univariate analysis of opportunistic infections complicating IBD patients before and after SARS-CoV-2 infection.

Before SARS-CoV-2 infection

After SARS-CoV-2 infection

NCOI COl p-value NCOI Col p-value

Patient (n) 133 74 151 93
Age (years) 39.00 (30.00,55.00) 44.00 (34.75,54.00) 0.041 43.00 (33.00,54.00) 46.00 (33.00,58.00) 0.209
Height (cm) 170.00 (162.00,174.50) 169.00 (162.75,172.00) 0.389 167.72+0.68 167.70£0.85 0.983
Height (cm) 57.00 (50.00,68.00) 58.50 (51.75,65.25) 0.627 59.00 (50.00,70.00) 58.00 (50.50,65.00) 0.597
BMI (kg/m?) 20.20 (18.44,22.66) 20.79 (18.56,23.31) 0.431 21.16 (18.83,23.53) 20.57 (19.04,22.99) 0.330
Duration of illness (years) 2.10 (0.25,4.78) 2.80 (0.59,6.46) 0.031 2.19 (0.38,6.09) 1.84 (0.59,5.66) 0.875
Disease type n (%) 0.007 67 (44.4) 36 (38.7)

ucC 68 (51.1) 52 (70.3) 103 (68.2) 71 (76.3)

CcD 65 (48.9) 22(29.7) 48 (31.8) 22(23.7)
Gender n (%) 0.473 0.229

Male 91 (68.4) 47 (63.5) 84 (55.6) 59 (63.4)

Female 42 (31.6) 27 (36.5) 67 (44.4) 34 (36.6)
Smoking 1 (%) 22 (16.5) 22(29.7) 0.026 29 (19.2) 12 (12.9) 0.201
Alcohol consumption 7 (%) 18 (13.5) 28 (37.8) <0.001 22 (14.6) 16 (17.2) 0.581
Underlying chronic diseases 7 (%) 18 (13.5) 18 (24.3) 0.050 27 (17.9) 18 (19.4) 0.773
Extraintestinal manifestations # (%) 25 (18.8) 16 (21.6) 0.625 25 (16.6) 13 (14.0) 0.590
Complications (%) 29 (21.8) 10 (13.5) 0.144 16 (10.6) 12 (12.9) 0.583
Previous medication use 7 (%)

5-ASA 111 (83.5) 68 (91.9) 0.089 130 (86.1) 78 (83.9) 0.635

Corticosteroids 60 (45.1) 34 (45.9) 0.908 29 (19.2) 40 (43.0) <0.001

Immunosuppressants 23 (17.3) 23 (31.1) 0.022 8(5.3) 11 (11.8) 0.065

Biologics 56 (42.1) 26 (35.1) 0.326 35(23.2) 26 (28.0) 0.403
Disease activity n (%) 0.571 0.123

Remission phase 14 (10.5) 4(5.4) 36 (23.8) 18 (19.4)

Mild activity phase 25(18.8) 17 (23.0) 71 (47.0) 40 (43.0)

Moderate activity phase 44 (33.1) 23 (31.1) 33(21.9) 32(34.4)
Severe activity phase 50 (37.6) 30 (40.5) 11 (7.3) 3(3.2)

COI, combined opportunistic infections; NCOI, not combined opportunistic infections; IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn’s disease; BMI, body mass index;

5-ASA, 5-Aminosalicylic Acid.

3.5 Constructing a nomogram to predict
the risk of opportunistic infections in IBD
(UC and CD) before and after SARS-CoV-2
infection

We utilized the ‘rms’ package in R software to construct prediction
models for IBD (Figure 4), UC, and CD (Figure 5) based on significant
factors identified through multivariable logistic regression analysis
(p<0.05). In the nomogram for these models, points corresponding
to each predictive variable on the scale are cumulatively added to
derive a total score, which can be used to predict the risk of
opportunistic infections.

To internally validate the reliability of the nomogram models,
we first assessed their discriminative ability using ROC curves. The
analysis showed that the AUC for IBD before SARS-CoV-2 infection
(Figure 4A) was 0.7958 (95% CI: 0.7324-0.8591), with a cutoff value
of 0.289 (sensitivity 0.811, specificity 0.662). In the UC model
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(Supplementary Figure 2A), the AUC was 0.7948 (95% CI: 0.7128-
0.8768), with a cutoff value of 0.472 (sensitivity 0.635, specificity
0.853). The CD model (Supplementary Figure 3A) had an AUC of
0.8427 (95% CI: 0.7491-0.9362), with a cutoff value of 0.159
(sensitivity 0.909, specificity 0.723).

For models post-SARS-CoV-2 infection, the AUC for IBD
(Figure 4B) was 0.8187 (95% CI: 0.7535-0.8838), with a cutoft value of
0.374 (sensitivity 0.731, specificity 0.722). The AUC for the UC model
(Supplementary Figure 2B) was also 0.8187 (95% CI: 0.7535-0.8838),
with a cutoff value of 0.413 (sensitivity 0.746, specificity 0.796). The
CD model's AUC (Supplementary Figure 3B) was 0.7254 (95% CI:
0.6025-0.8482), with a cutoff value of 0.384 (sensitivity 0.909,
specificity 0.591). These results demonstrate the stability and high
predictive accuracy of our models. Additionally, we evaluated the
calibration of the models and examined the clinical decision and
impact curves, which indicated good calibration and significant
clinical utility.
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TABLE 3 Univariate laboratory analysis of opportunistic infections complicating IBD patients before and after SARS-CoV-2 infection.

Before SARS-CoV-2 infection

After SARS-CoV-2 infection

NCOI COol p-value NCOI COl p-value
Patient (n) 133 74 151 93
Routine blood test
WBC (10'%/L) 6.36 (4.98,8.31) 6.48 (4.93,8.43) 0.869 6.35 (4.94,7.75) 5.90 (4.70,8.10) 0.432
RBC (10'%/1) 4.43 (3.93,4.93) 3.73(2.81,4.40) <0.001 4.47 (4.01,4.82) 4.28 (3.65,4.75) <0.001
Hb (g/L) 124.00 (102.50,140.00) 122.00 (100.00,140.00) 0.615 125.00 (108.00,140.00) 117.00 (96.00,139.50) 0.351
Platelets (10°/L) 277.00 (191.00,351.50) 250.00 (205.75,345.00) 0.589 259.00 (198.00,334.00) 266.00 (207.50,345.00) 0.639
Coagulation function
PT (S) 11.92 (10.95,13.05) 11.75(10.80,12.93) 0.620 10.30 (9.02,11.80) 10.70 (9.48,11.90) 0.181
APTT (S) 31.00 (26.75,36.35) 31.10 (26.50,36.90) 0.792 31.00 (27.90,35.20) 31.50 (27.30,36.00) 0.994
TT (S) 16.33 (15.55,17.20) 16.30 (15.40,17.13) 0.685 17.00 (16.00,18.00) 16.80 (15.80,17.95) 0.384
Fibrinogen (g/L) 3.66 (2.66,4.50) 3.23(2.48,4.81) 0.398 3.54 (2.72,4.71) 3.71 (2.96,4.83) 0.337
D-dimer (mg/L) 0.33 (0.22,0.75) 0.55 (0.28,1.06) 0.029 0.27 (0,15,0.64) 0.41 (0.16,0.98) 0.079
Liver function test
ALT (IU/L) 15.00 (10.00,23.00) 16.50 (11.00,23.00) 0.268 14.00 (9.00,21.96) 15.00 (10.00,22.00) 0.658
AST (IU/L) 19.00 (15.00,25.00) 20.00 (15.75,25.25) 0.341 18.00 (13.00,23.00) 17.00 (14.0,23.00) 0.99
TBil (pmol/L) 12.00 (8.65,17.85) 12.55 (8.28,17.25) 0.906 12.30 (8.80,17.10) 10.90 (8.45,14.15) 0.088
DBil (ymol/L) 5.40 (3.00,7.80) 5.50 (2.70,7.73) 0.803 4.50 (3.10,7.00) 4.50 (3.10,7.80) 0.847
IBil (mol/L) 6.00 (4.40,10.70) 6.75 (4.65,9.93) 0.537 6.80 (4.76,9.20) 6.00 (4.05,7.65) 0.008
ALP (IU/L) 71.00 (60.00,84.00) 71.00 (57.00,87.25) 0.993 75.00 (61.00,92.00) 78.00 (60.50,96.00) 0.675
TP (g/L) 68.70 (63.75,72.75) 66.70 (60.10,74.05) 0.397 69.60 (64.60,73.50) 65.40 (57.70,71.65) <0.001
Renal function test
Urea (nmol/L) 4.20 (3.33,5.73) 4.34 (3.50,5.27) 0.850 4.24 (3.24,6.21) 4.36 (3.31,5.78) 0.926
Cr (pmol/L) 64.00 (54.00,73.50) 61.00 (49.00,72.00) 0.137 60.00 (52.00,72.00) 61.45 (54.00,72.50) 0.292
Trace elements
K (nmol/L) 3.95(3.63,4.19) 3.87 (3.50,4.10) 0.122 3.92(3.70,4.18) 3.83 (3.58,4.09) 0.098
Na (nmol/L) 140.80 (138.70,142.15) 140.30 (138.70,142.85) 0.581 141.20 (139.70,143.00) 141.60 (139.50,143.75) 0.522
Cl (nmol/L) 102.70 (100.25,105.45) 102.19 (99.55,104.90) 0.316 103.80 (102.30,105.60) 104.00 (101.60,105.85) 0.808
Ca (nmol/L) 2.14 (2.07,2.20) 2.11 (2.00,2.23) 0.169 2.17 (2.10,2.27) 2.14 (2.03,2.23) 0.021
CO, (nmol/L) 25.23+0.23 26.33+£0.37 0.158 24.69 (23.00,26.00) 25.10 (22.80,26.95) 0.302
Glu (mmol/L) 4.83 (4.43,5.29) 4.86 (4.55,5.37) 4.80 (4.52,6.23) 4.98 (4.36,6.23) 0.963
ESR (nm/h) 20.00 (9.50,37.50) 15.50 (8.00,44.75) 0.951 14.00 (7.00,35.00) 24.00 (12.00,39.00) 0.048
Hs-CRP (mg/L) 7.25 (1.66,20.50) 4.81 (1.21,19.99) 0.780 5.76 (0.93,33.20) 14.20 (2.70,38.00) <0.001

IBD, inflammatory bowel disease; COI, combined opportunistic infections; NCOI, not combined opportunistic infections; WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; PT,
prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBil, total bilirubin; DBil, Direct

Bilirubin; IBil, indirect bilirubin; ALP, Alkaline phosphatase; TP, total protein; Glu, glucose; ESR, erythrocyte sedimentation rate; Hs-CRP, hypersensitive C-reactive protein.

4 Discussion

In this study, we examined the distribution and influencing factors
of opportunistic infections in patients with IBD before and after
SARS-CoV-2 infection. We further categorized the IBD patients into
subgroups of UC and CD for subgroup analysis and developed
predictive models for the risk of opportunistic infections before and
after SARS-CoV-2 infection. Notably, this is the first study to explore
the relationship between SARS-CoV-2 infection and the risk of
opportunistic infections in IBD patients.
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Our analysis revealed that SARS-CoV-2 infection significantly

alters the risk of opportunistic infections in IBD patients. Specifically,

after contracting SARS-CoV-2, the risk of infections like CDI and EBV
increased, while the risk of HBV and HSV-I decreased, all with statistical
significance. Additionally, although the risk of contracting other
pathogens did not reach statistical significance, there was a noticeable
decline compared to pre-infection levels, likely due to heightened health
and hygiene vigilance during the pandemic. Further subgroup analysis
revealed that UC patients generally had a higher risk of opportunistic

infections than CD patients, consistent with findings from Zhou et al.
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TABLE 4 Multifactorial analysis of opportunistic infections in patients
with IBD before SARS-CoV-2 infection.

p-value OR (95%Cl)

Age 0.324 0.986 (0.960, 1.014)
Duration of illness 0.018 1.082 (1.014, 1.156)
RBC <0.001 0.402 (0.268, 0.603)
D-dimer 0.355 1.169 (0.839, 1.629)
Underlying chronic diseases 1 (%) 0.019 3.025 (1.195, 7.656)
Alcohol consumption n (%) 0.001 6.916 (2.122,22.538)
Smoking 7 (%) 0.286 0.516 (0.153, 1.739)
Immunosuppressants 0.408 1.401 (0.630, 3.116)

IBD, inflammatory bowel disease; RBC, red blood cell.

TABLE 5 Multifactorial analysis of opportunistic infections in patients
with IBD after SARS-CoV-2 infection.

p-value OR (95%Cl)

Corticosteroids 0.001 3.082 (1.633,5.817)
IBil 0.136 0.940 (0.867,1.020)
RBC 0.010 0.529 (0.327,0.856)
TP 0.004 0.948 (0.914,0.983)
Ca 0.433 0.848 (0.562,1.280)
ESR 0.230 0.990 (0.975,1.006)
Hs-CRP 0.013 1.011 (1.002,1.020)

IBD, inflammatory bowel disease; IBil, indirect bilirubin; RBC, red blood cell; TP, total
protein; ESR, erythrocyte sedimentation rate; Hs-CRP, hypersensitive C-reactive protein.

(20). In UC patients, SARS-CoV-2 infection was positively correlated
with increased risks of CDI and EBV infection but negatively correlated
with HSV-T infection. This disparity could be attributed to increased
antibiotic use following SARS-CoV-2 infection, which weakens and
depletes the gut microbiome, thereby increasing susceptibility to CDI
(21). Multiple studies have shown that SARS-CoV-2 infection facilitates
the reactivation of EBV (22, 23), which aligns with our findings.
We further observed that this phenomenon was particularly significant
in UC patients. Moreover, according to Yan et al., SARS-CoV-2 infection
may enhance the hosts immune memory cell response to HSV-I,
reducing the risk of this infection (24), corroborating our observations.
In CD patients, there was a negative correlation between SARS-CoV-2
infection and HBV infection risk. We speculate that this phenomenon
might be linked to the declining prevalence of hepatitis viruses in China
(25) and the reduction or cessation of hepatitis eradication programs
and related interventions in hospitals during the pandemic (26, 27).
Additionally, in IBD (UC and CD) patients, SARS-CoV-2 infection had
no impact on LTBI. This might be due to disruptions in tuberculosis-
related services due to national measures against SARS-CoV-2, thereby
reducing the detection rates of active and latent tuberculosis infections.
These findings are crucial for a deeper understanding of how SARS-
CoV-2 infection affects the susceptibility to opportunistic infections in
IBD patients and their prevention and control strategies.

After that, we conducted a detailed analysis of the factors
associated with opportunistic infections in IBD patients before and
after SARS-CoV-2 infection. On the one hand, before SARS-CoV-2
infection, the duration of the disease, red blood cell levels, underlying
chronic diseases, and alcohol consumption were identified as
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predictors of opportunistic infections in IBD patients. Among these
factors, disease duration is considered related to impaired immune
function and prolonged exposure to healthcare environments (17).
Additionally, reduced red blood cell levels, the presence of underlying
chronic diseases, and alcohol consumption can all increase the
burden on the immune system, weakening the body’s defenses against
infections and making patients more susceptible to opportunistic
infections (28-30). Subgroup analysis showed that for UC patients,
alcohol consumption, red blood cell levels, and the use of
immunosuppressants are closely related to the occurrence of
opportunistic infections. For CD patients, however, underlying
chronic diseases, red blood cell levels, and D-dimer levels are key
factors. On the other hand, after SARS-CoV-2 infection, the use of
corticosteroids, red blood cell levels, TP, and Hs-CRP became the
main factors affecting opportunistic infections in IBD patients.
Corticosteroid use can disrupt immune system function, thereby
increasing the risk of opportunistic infections (31). The intestinal
inflammation, absorption disorders, and release of inflammatory
factors in IBD patients may lead to a decrease in TP and destruction
of RBC, causing malnutrition and anemia (32, 33), which further
impact immune function and increase the risk of opportunistic
infections. Additionally, elevated levels of Hs-CRP indicate an
aggravated inflammatory state, closely related to infection risk (34).
Specifically, the factors related to opportunistic infections in UC
patients include the extent of lesions, RBC, TP, and Hs-CRP, while for
CD patients, they include corticosteroids and immunosuppressants.
Interestingly, our analysis shows that the correlation between the
course of IBD, underlying chronic conditions, and alcohol
consumption with opportunistic infections before SARS-CoV-2
infection does not persist post-infection. This observation suggests
that the behaviors and medical management practices of this patient
cohort may have changed during the pandemic. Particularly, IBD
patients, especially those with a history of alcohol consumption,
became more health-conscious post-SARS-CoV-2 infection due to
their increased risk of severe COVID-19 (35), leading them to seek
medical care more proactively, and many to choose abstinence from
alcohol (36), which seems reasonable. Thus, enhanced medical
attention and lifestyle changes may help reduce the incidence of
opportunistic infections in this population post-SARS-CoV-2, a
hypothesis consistent with other studies (37, 38). Notably, Soldera and
colleagues also found that SARS-CoV-2 can not only trigger
hemophagocytic lymphohistiocytosis in patients with IBD (39, 40), but
also potentially increase the risk of complications related to primary
sclerosing cholangitis (41-43). This highlights the importance of
closely monitoring IBD patients for possible multisystem complications
following SARS-CoV-2
effective intervention.

infection, allowing for timely and

Currently, no model exists domestically or internationally that can
predict the risk of opportunistic infections in IBD (UC and CD) patients
before and after SARS-CoV-2 infection, which is concerning.
Consequently, this study aims to construct a practical risk model with
high predictive value to enable IBD patients to understand their potential
risk of opportunistic infections early on. Through multivariable logistic
regression analysis, we identified independent risk factors affecting IBD
patients and incorporated these into a nomogram model to predict
opportunistic infections before and after SARS-CoV-2 infection. This
study further internally validated the model, assessing its discriminative
ability using ROC curves, showing good stability and predictive
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accuracy. We also evaluated the model’s calibration and verified its
clinical utility through decision curves and clinical impact curves.
However, this study has limitations. Due to the retrospective
design of this study, there is a possibility of selection bias, which may
result in insufficient representativeness of the sample and consequently
affect the generalizability of the results. Additionally, the predictive
model has not been externally validated, and future studies will need
to use external datasets to confirm its reliability. Furthermore, since
the data comes solely from China’s largest IBD research center, future
studies should include large samples from different countries to
validate the model’s applicability across different cultural contexts.

5 Conclusion

In conclusion, our study findings indicate that SARS-CoV-2
infection differently affects the risk and related factors for
opportunistic infections in IBD (UC and CD) patients. The developed
predictive model can provide decision support for clinicians and serve
as a scientific basis for public health policy-making and the
implementation of intervention measures.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by the First Affiliated
Hospital Ethics Committee of Air Force Medical University, China. The
studies were conducted in accordance with the local legislation and
institutional requirements. Written informed consent for participation
was not required from the participants or the participants’ legal
guardians/next of kin because the study was retrospective in nature,
hence patient consent documents were not necessary.

Author contributions

ZF: Data curation, Investigation, Methodology, Validation,
Visualization, Writing - original draft. HZ: Investigation, Supervision,
Visualization, Writing - review & editing. JZ: Data curation,
Investigation, Supervision, Writing - review & editing. XL:
Investigation, Methodology, Supervision, Validation, Visualization,
Writing - review & editing. TW: Methodology, Supervision,

References

1. Zhou H, Wang E, Wan J, Su S, Shi Y, Li X, et al. Systematic review and Meta-analysis
of observational studies on the effectiveness and safety of Ustekinumab among patients
with inflammatory bowel disease in eastern and Western countries. J Clin Med. (2023)
12:1894. doi: 10.3390/jcm12051894

2. Yang H, Ran Z, Jin M, Qian JM. Current status of opportunistic infection in
inflammatory bowel disease patients in Asia: a questionnaire-based multicenter study.
Gut Liver. (2022) 16:726-35. doi: 10.5009/gnl210217

Frontiers in Medicine

11

10.3389/fmed.2024.1461801

Validation, Writing - review & editing. YS: Data curation,
Investigation, Supervision, Writing - review & editing. JuL: Data
curation, Investigation, Supervision, Validation, Writing — review &
editing. JiL: Data curation, Funding acquisition, Resources,
Supervision, Validation, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by National Natural Science Foundation of China
(82370588), Natural Science Foundation of Shaanxi Province, Key
Industrial Innovation Project Fund (2023-ZDLSF-44), Airforce
Aoxiang Foundation and Young Changjiang Scholars of the Ministry
of Education (JL), National Natural Science Foundation of China
Major Research Program Integration Project (92259302), and
Independent Funds of the Key Laboratory (CBSKL2022Z734).

Acknowledgments

We thank the technical staff and personnel from the Department
of Gastroenterology at the First Affiliated Hospital of the Air Force
Medical University of China and the National Key Laboratory for their
assistance in this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1461801/
full#supplementary-material

3. Inflammatory Bowel Disease Group, Chinese Society of Gastroenterology, Chinese
Medical Association. Evidence-based consensus on opportunistic infections in
inflammatory bowel disease. J Dig Dis. (2018) 19:54-65. doi: 10.1111/1751-2980.
12578

4. Kucharzik T, Ellul P, Greuter T, Rahier JE Verstockt B, Abreu C, et al. Ecco
guidelines on the prevention, diagnosis, and Management of Infections in inflammatory
bowel disease. ] Crohns Colitis. (2021) 15:879-913. doi: 10.1093/ecco-jcc/jjab052

frontiersin.org


https://doi.org/10.3389/fmed.2024.1461801
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1461801/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1461801/full#supplementary-material
https://doi.org/10.3390/jcm12051894
https://doi.org/10.5009/gnl210217
https://doi.org/10.1111/1751-2980.12578
https://doi.org/10.1111/1751-2980.12578
https://doi.org/10.1093/ecco-jcc/jjab052

Fanetal.

5. Sagala M, Majorové E, Vrzgula A, Fandakova 1. Evaluation of invasive intra-
abdominal candidiasis in Crohn disease at the time of surgery. Ann Coloproctol. (2020)
36:12-6. doi: 10.3393/a¢c.2018.10.15.2

6. Axelrad JE, Cadwell KH, Colombel JE, Shah SC. Systematic review: gastrointestinal
infection and incident inflammatory bowel disease. Aliment Pharmacol Ther. (2020)
51:1222-32. doi: 10.1111/apt.15770

7. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysiology,
transmission, diagnosis, and treatment of coronavirus disease 2019 (Covid-19): a review.
JAMA. (2020) 324:782-93. doi: 10.1001/jama.2020.12839

8. Payus AO, Mohd Noh M, Azizan N, Muthukaruppan CR. Sars-Cov-2-induced liver
injury: a review article on the high-risk populations, manifestations, mechanisms,
pathological changes, management, and outcomes. World ] Gastroenterol. (2022)
28:5723-30. doi: 10.3748/wjg.v28.i39.5723

9. XuJ, Lin E, Hong X, Li L, Gu ], Zhao ], et al. Klotho-derived peptide Kp1 ameliorates
Sars-Cov-2-associated acute kidney injury. Front Pharmacol. (2023) 14:1333389. doi:
10.3389/fphar.2023.1333389

10. Yamada S, Hashita T, Yanagida S, Sato H, Yasuhiko Y, Okabe K, et al. Sars-Cov-2
causes dysfunction in human Ipsc-derived brain microvascular endothelial cells
potentially by modulating the Wnt signaling pathway. Fluids Barriers CNS. (2024) 21:32.
doi: 10.1186/s12987-024-00533-9

11. Zhong P, Xu ], Yang D, Shen Y, Wang L, Feng Y, et al. Covid-19-associated
gastrointestinal and liver injury: clinical features and potential mechanisms. Signal
Transduct Target Ther. (2020) 5:256. doi: 10.1038/s41392-020-00373-7

12. Lukin DJ, Funez-de Pagnier G, Lima S, Lai D, Duenas-Bianchi L, Ahmed W, et al.
No durable impact of Covid-19 on intestinal disease activity in subjects with Ibd. Clin
Gastroenterol Hepatol. (2021) 19:2312-2314.e3. doi: 10.1016/j.cgh.2021.06.008

13. Zuo T, Zhang F, Lui GCY, Yeoh YK, Li AYL, Zhan H, et al. Alterations in gut
microbiota of patients with Covid-19 during time of hospitalization. Gastroenterology.
(2020) 159:944-955.¢8. doi: 10.1053/j.gastro.2020.05.048

14. Pellegrino R, Pellino G, Selvaggi L, Selvaggi F, Federico A, Romano M, et al. Bnt
162b2 Mrna Covid-19 vaccine is safe in a setting of patients on biologic therapy with
inflammatory bowel diseases: a monocentric real-life study. Expert Rev Clin Pharmacol.
(2022) 15:1243-52. doi: 10.1080/17512433.2022.2120466

15. Khan N, Mahmud N, Patel M, Sundararajan R, Reinisch W. Risk of severe and
opportunistic infections and the impact of Sars-Cov-2 on this risk in a Nationwide
cohort of patients with inflammatory bowel disease. Aliment Pharmacol Ther. (2023)
57:800-7. doi: 10.1111/apt.17393

16. Inflammatory Bowel Disease Group, Chinese Society of Gastroenterology, Chinese
Medical Association. Chinese consensus on diagnosis and treatment in inflammatory
bowel disease (2018, Beijing). ] Dig Dis. (2021) 22:298-317. doi: 10.1111/1751-2980.12994

17. Rahier JE, Magro E, Abreu C, Armuzzi A, Ben-Horin S, Chowers Y, et al. Second
European evidence-based consensus on the prevention, diagnosis and Management of
Opportunistic Infections in inflammatory bowel disease. J Crohns Colitis. (2014)
8:443-68. doi: 10.1016/j.crohns.2013.12.013

18. Inflammatory Bowel Disease Group, Chinese Society of Gastroenterology, Chinese
Medical Association. Evidence-based consensus on opportunistic infections in inflammatory
bowel disease (republication). Infest Res. (2018) 16:178-93. doi: 10.5217/ir.2018.16.2.178

19. Kevadiya BD, Machhi ], Herskovitz J, Oleynikov MD, Blomberg WR, Bajwa N,
et al. Diagnostics for Sars-Cov-2 infections. Nat Mater. (2021) 20:593-605. doi: 10.1038/
$41563-020-00906-z

20. Zhou R, Wu R, Wang L, Yang H. Increasing ratio of opportunistic infections
associated with sunshine exposure and economic level burdening Chinese inflammatory
bowel disease hospitalized patients: the first Nationwide survey from 2014 to 2019. BMC
Public Health. (2024) 24:133. doi: 10.1186/512889-024-17635-6

21. Lewandowski K, Rosofowski M, Kaniewska M, Kucha P, Meler A, Wierzba W, et al.
Clostridioides difficile infection in coronavirus disease 2019 (Covid-19): an underestimated
problem? Pol Arch Intern Med. (2021) 131:121-7. doi: 10.20452/pamw.15715

22. Chen T, Song J, Liu H, Zheng H, Chen C. Positive Epstein-Barr virus detection in
coronavirus disease 2019 (Covid-19) patients. Sci Rep. (2021) 11:10902. doi: 10.1038/
541598-021-90351-y

23.Im JH, Nahm CH, Je YS, Lee JS, Baek JH, Kwon HY, et al. The effect of Epstein-

Barr virus viremia on the progression to severe Covid-19. Medicine (Baltimore). (2022)
101:€29027. doi: 10.1097/md.0000000000029027

Frontiers in Medicine

12

10.3389/fmed.2024.1461801

24.Yan M, Xiao LY, Gosau M, Friedrich RE, Smeets R, Fu LL, et al. The causal
association between Covid-19 and herpes simplex virus: a Mendelian randomization
study. Front Immunol. (2023) 14:1281292. doi: 10.3389/fimmu.2023.1281292

25.Zeng Z, Hao H, Bi X, Lin Y, Yang L, Wang S, et al. Study on liver histopathology
of chronic Hbv infected patients with different Normal alt values. Front Immunol. (2022)
13:1069752. doi: 10.3389/fimmu.2022.1069752

26. Wingrove C, Ferrier L, James C, Wang S. The impact of Covid-19 on hepatitis
elimination. Lancet Gastroenterol Hepatol. (2020) 5:792-4. doi: 10.1016/
$2468-1253(20)30238-7

27. Aghemo A, Masarone M, Montagnese S, Petta S, Ponziani FR, Russo FP. Assessing
the impact of Covid-19 on the Management of Patients with liver diseases: a National
Survey by the Italian Association for the Study of the liver. Dig Liver Dis. (2020)
52:937-41. doi: 10.1016/j.d1d.2020.07.008

28. Finkenthal TA, Aldaher Z, Ahmed S, DiValentin L. Autoimmune hemolytic
Anemia exacerbation associated with Covid-19 infection and markedly elevated
inflammatory markers. Cureus. (2021) 13:e20416. doi: 10.7759/cureus.20416

29. Kim DW, Byeon KH, Kim J, Cho KD, Lee N. The correlation of comorbidities on
the mortality in patients with Covid-19: an observational study based on the Korean
National Health Insurance big Data. ] Korean Med Sci. (2020) 35:¢243. doi: 10.3346/
jkms.2020.35.e243

30.Li P, Liu Y, Cheng Z, Yu X, Li Y. Covid-19-associated liver injury: clinical
characteristics, pathophysiological mechanisms and treatment management. Biomed
Pharmacother. (2022) 154:113568. doi: 10.1016/j.biopha.2022.113568

31. Kennedy NA, Jones GR, Lamb CA, Appleby R, Arnott I, Beattie RM, et al. British
Society of Gastroenterology Guidance for Management of Inflammatory Bowel Disease
during the Covid-19 pandemic. Gut. (2020) 69:984-90. doi: 10.1136/gutjnl-2020-321244

32. Thomas GD. Iron deficiency Anemia. Med Clin North Am. (2017) 101:319-32. doi:
10.1016/j.mcna.2016.09.004

33. Guerra I, Algaba A, Jiménez L, Mar Aller M, Garza D, Bonillo D, et al. Incidence,
clinical characteristics, and evolution of Sars-Cov-2 infection in patients with
inflammatory bowel disease: a single-center study in Madrid, Spain. Inflamm Bowel Dis.
(2021) 27:25-33. doi: 10.1093/ibd/izaa221

34. Warren M, O'Connor C, Lee JE, Burton ], Walton D, Keath]ey J, et al. Predispose,
precipitate, perpetuate, and protect: how diet and the gut influence mental health in
emerging adulthood. Front Nutr. (2024) 11:1339269. doi: 10.3389/fnut.2024.1339269

35. Duarte BA, Kelly MM, Shirk SD, Chamberlin ES, Reilly ED. A quantitative and
qualitative examination of the impacts of the Covid-19 pandemic on U.S. veterans with
self-reported anxiety and alcohol use disorder. Front Psychol. (2022) 13:1083212. doi:
10.3389/fpsyt.2022.1083212

36. Sawada M, Ohkuma K, Aihara M, Doi S, Sekine R, Kaneko T, et al. Impact of the
Covid-19 pandemic on the glycemic control, eating habits, and body compositions of
people with diabetes mellitus: a retrospective longitudinal observational study. ] Diabetes
Investig. (2023) 14:321-8. doi: 10.1111/jdi.13934

37.Park SI, Cho IY. Factors affecting parent health-promotion behavior in early
childhood according to family cohesion: focusing on the Covid-19 pandemic. ] Pediatr
Nurs. (2022) 62:121-8. doi: 10.1016/j.pedn.2021.08.022

38.LiY, Pan Y, Ding X, Aierken A, Jiang W. The effect of training medical students in
the community area in the midst of the Covid-19 pandemic in China: a community-
based study. BMC Med Educ. (2023) 23:517. doi: 10.1186/s12909-023-04509-5

39. Brambilla B, Barbosa AM, Scholze CDS, Riva F, Freitas L, Balbinot RA, et al.
Hemophagocytic Lymphohistiocytosis and inflammatory bowel disease: case report and
systematic review. Inflam Intest Dis. (2020) 5:49-58. doi: 10.1159/000506514

40. Soldera J, Bosi GR. Haemophagocytic Lymphohistiocytosis following a Covid-19
infection: case report. J Infect Dev Count. (2023) 17:302-3. doi: 10.3855/jidc.16983

41. Soldera J, Balbinot RA, Balbinot SS. Billiary casts in post-Covid-19. Gastroenterol
Hepatol. (2023) 46:319-20. doi: 10.1016/j.gastre.2022.08.003.Epub

42. Graciolli AM, De Bortoli BR, Maslonek C, Gremelmier EMC, Henrich CF, Salgado
K, et al. Post-Covid-19 cholangiopathy. Digest Med Res. (2023) 6:29. doi: 10.21037/
dmr-22-83

43. Rasheed MA, Ballotin VR, Bigarella LG, Soldera J. Post-Covid-19 Cholangiopathy:
systematic review. World ] Methodol. (2023) 13:296-322. doi: 10.5662/wjm.v13.
i4.296

frontiersin.org


https://doi.org/10.3389/fmed.2024.1461801
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3393/ac.2018.10.15.2
https://doi.org/10.1111/apt.15770
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.3748/wjg.v28.i39.5723
https://doi.org/10.3389/fphar.2023.1333389
https://doi.org/10.1186/s12987-024-00533-9
https://doi.org/10.1038/s41392-020-00373-7
https://doi.org/10.1016/j.cgh.2021.06.008
https://doi.org/10.1053/j.gastro.2020.05.048
https://doi.org/10.1080/17512433.2022.2120466
https://doi.org/10.1111/apt.17393
https://doi.org/10.1111/1751-2980.12994
https://doi.org/10.1016/j.crohns.2013.12.013
https://doi.org/10.5217/ir.2018.16.2.178
https://doi.org/10.1038/s41563-020-00906-z
https://doi.org/10.1038/s41563-020-00906-z
https://doi.org/10.1186/s12889-024-17635-6
https://doi.org/10.20452/pamw.15715
https://doi.org/10.1038/s41598-021-90351-y
https://doi.org/10.1038/s41598-021-90351-y
https://doi.org/10.1097/md.0000000000029027
https://doi.org/10.3389/fimmu.2023.1281292
https://doi.org/10.3389/fimmu.2022.1069752
https://doi.org/10.1016/s2468-1253(20)30238-7
https://doi.org/10.1016/s2468-1253(20)30238-7
https://doi.org/10.1016/j.dld.2020.07.008
https://doi.org/10.7759/cureus.20416
https://doi.org/10.3346/jkms.2020.35.e243
https://doi.org/10.3346/jkms.2020.35.e243
https://doi.org/10.1016/j.biopha.2022.113568
https://doi.org/10.1136/gutjnl-2020-321244
https://doi.org/10.1016/j.mcna.2016.09.004
https://doi.org/10.1093/ibd/izaa221
https://doi.org/10.3389/fnut.2024.1339269
https://doi.org/10.3389/fpsyt.2022.1083212
https://doi.org/10.1111/jdi.13934
https://doi.org/10.1016/j.pedn.2021.08.022
https://doi.org/10.1186/s12909-023-04509-5
https://doi.org/10.1159/000506514
https://doi.org/10.3855/jidc.16983
https://doi.org/10.1016/j.gastre.2022.08.003.Epub
https://doi.org/10.21037/dmr-22-83
https://doi.org/10.21037/dmr-22-83
https://doi.org/10.5662/wjm.v13.i4.296
https://doi.org/10.5662/wjm.v13.i4.296

	Opportunistic infections changed before and after SARS-CoV-2 infection in inflammatory bowel disease patients: a retrospective single-center study in China
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Inclusion and exclusion criteria
	2.3 Collection of clinical data
	2.4 Definition of combined opportunistic infections
	2.5 Statistical analysis

	3 Results
	3.1 Demographic and clinical characteristics of IBD (UC and CD) patients before and after SARS-CoV-2 infection
	3.2 The distribution and correlation of opportunistic infections in IBD (UC and CD) patients before and after SARS-CoV-2 infection
	3.3 Comparison of the incidence of opportunistic infections in IBD (UC and CD) patients before and after SARS-CoV-2 infection
	3.4 Factors associated with the co-occurrence of opportunistic infections in IBD (UC and CD) patients before and after SARS-CoV-2 infection
	3.5 Constructing a nomogram to predict the risk of opportunistic infections in IBD (UC and CD) before and after SARS-CoV-2 infection

	4 Discussion
	5 Conclusion

	References

