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Abstract
Background Hepatitis B, hepatitis C, cytomegalovirus (CMV), and tuberculosis (TB) pose significant risks to patients 
with inflammatory bowel disease (IBD) receiving biological therapy. However, data on the prevalence of these 
infections in Syria are scarce.

Methods We conducted a retrospective chart review of IBD patients receiving biologic therapy at Damascus Hospital 
and Ibn Al-Nafees Hospital, two major public institutions in Syria, between January 2021 and November 2024. A 
minimum sample size of 130 was estimated; however, all available records were reviewed.

Results Among 185 IBD patients (104 from Damascus and 81 from Ibn Al-Nafees), 51.4% had ulcerative colitis and 
47.6% had Crohn’s disease. The smoking prevalence was 9.2%, which was higher in Crohn’s disease (5.9%) than in 
ulcerative colitis (3.2%). TST performed in 61.1% of patients, with 4.3% positivity, and interferon-gamma release assay 
(IGRA) in 8.7% (1.1% positive). Hepatitis B surface antigen (HBsAg) and anti-HBc antibodies were found in 2.7% and 
5.4% of the patients, respectively, while hepatitis C seroprevalence was low (0.5%). CMV seropositivity was high in 
Damascus (50.8%), with two cases (1.1%) of CMV colitis. Biologic therapies included infliximab (42.7%), ustekinumab 
(24.3%), golimumab (10.8%), and adalimumab (6.5%). Data gaps, particularly in viral serology and TB screening, are 
notable.

Conclusion This study identifies deficiencies in TB/hepatitis B screening (notably anti-HBs Ab) and elevated 
CMV seroprevalence among Syrian IBD patients receiving biologics, extending to immunosuppressed cohorts 
(rheumatology, dermatology, oncology). Insufficient screening heightens occult infection/reactivation risks, 
necessitating standardized pretreatment protocols to reduce morbidity in high-risk populations.

Clinical trial number Not applicable.

Keywords Ulcerative colitis, Crohn's disease, Inflammatory bowel disease, Hepatitis B, Hepatitis C, Tuberculosis, 
Cytomegalovirus

Prevalence of opportunistic infections 
in Syrian inflammatory bowel disease 
patients on biologic therapy: a multi-center 
retrospective cross-sectional study
Marouf Alhalabi1* , Hussam Aldeen Alshiekh2 , Shadi Alsaiad1  and Mouayad Zarzar1

http://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-5027-2096
http://orcid.org/0009-0003-8078-2830
http://orcid.org/0009-0003-0658-6751
http://orcid.org/0000-0002-4887-2321
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-025-11063-6&domain=pdf&date_stamp=2025-5-3


Page 2 of 9Alhalabi et al. BMC Infectious Diseases          (2025) 25:652 

Background
Chronic infections like hepatitis B (HBV), hepatitis C 
(HCV), cytomegalovirus (CMV), and tuberculosis (TB) 
continue to pose major global public health challenges. 
HBV and HCV in particular are among the leading 
causes of preventable deaths due to chronic liver disease 
[1–4]. Current global data suggest that around 5.8% of the 
population carries hepatitis B surface antigen (HBsAg), 
indicating chronic HBV infection, while approximately 
10.3% test positive for HCV antibodies, reflecting past or 
present exposure to the virus [1]. When TB coexists with 
these conditions—especially in high-risk populations—
the burden on both patients and healthcare systems 
intensifies. In Syria, years of conflict have devastated 
the healthcare system. Routine vaccination programs 
have been disrupted, millions have been displaced, and 
access to medical care is patchy at best. This combina-
tion of overcrowding, malnutrition, and fragmented care 
increases the risk of infectious disease transmission. Yet, 
most global guidelines are based on research from high-
income, stable countries and don’t fully address the reali-
ties faced in conflict zones. While there’s a lack of precise 
data on TB prevalence in Syria—partly due to ongoing 
instability—the widespread destruction of healthcare 
infrastructure and massive displacement have clearly 
raised the population’s vulnerability to TB, as well as to 
HBV and HCV [5]. What’s needed are context-specific 
guidelines that take into account the diagnostic chal-
lenges and heightened risk factors in such settings, like 
cramped shelters and limited laboratory access. CMV 
infection is another key issue. Globally, CMV seropreva-
lence ranges from 45% to nearly 100%, with the highest 
rates seen in developing countries [6], however, in Syria 
and much of the Middle East, the extent of CMV expo-
sure is still under-researched. Factors like poor sanitation 
and limited screening options only add to the risk [7]. In 
immunocompromised populations, including patients 
with inflammatory bowel disease (IBD) receiving biolog-
ics, CMV colitis presents a complex clinical challenge, 
increasing the risk of colectomy and complicating disease 
management [8]. In immunocompromised individuals—
such as patients with inflammatory bowel disease (IBD) 
who are receiving biologic therapies—CMV can reacti-
vate and lead to colitis. This complicates treatment and 
increases the risk of needing a colectomy [8]. Similarly, 
co-infections with HBV, HCV, or TB in IBD patients add 
another layer of diagnostic and therapeutic complexity, 
highlighting the importance of thorough screening and 
surveillance. Syria presents a unique epidemiological 
landscape—where endemic infections intersect with con-
flict-driven healthcare inequalities and broken systems 
of care. These realities offer crucial insights for improv-
ing international guidelines so they better reflect the 
needs of vulnerable populations. Addressing these gaps is 

essential to improving infection control, treatment proto-
cols, and healthcare resource allocation in areas marked 
by displacement, poverty, and limited access to care. This 
study aims to assess the prevalence of HBV, HCV, CMV, 
and TB among immunosuppressed IBD patients in Syria, 
with the goal of informing more tailored strategies to 
manage and reduce co-infection-related complications 
and deaths.

Methods
Study design
Diagnostic criteria
IBD subtypes (UC and CD) were identified using stan-
dardized clinical, endoscopic, and histological crite-
ria based on ECCO guidelines [9, 10]. Hepatitis B virus 
(HBV) infection was defined as HBsAg seropositiv-
ity, whereas hepatitis C virus (HCV) infection required 
anti-HCV positive, which was validated by tests meeting 
AASLD and EASL standards [11–14]. Latent tubercu-
losis (TB) was diagnosed by a tuberculin skin test (TST; 
induration ≥ 5 mm) or an interferon-gamma release assay 
(IGRA), but active TB needed microbiological or clinical-
radiographic confirmation [15]. CMV colitis was con-
firmed in colonic tissue using histology or PCR [16–18].

Sample size and sampling technique
The sample size (n) was obtained using the proportional 
equation: [n = Z2 × P× (1 − P)/d2] [19], proposed the fol-
lowing hypothesis: Z = 1.96 at the 95% confidence level, 
with a margin of error (d) of 0.05. Initial calculations 
used published seroprevalences: CMV IgG (P = 0.909) 
[20]. HBV (P = 0.056 [21].and HCV (P = 0.028 [22]. Yield-
ing minimum targets of 128 (CMV), 82 (HBV), and 42 
(HCV) patients. Despite recruitment challenges in a con-
flict-affected setting, all accessible records (n = 185) from 
2021–2024 were reviewed to optimize statistical power 
and minimize selection bias. Notably, the observed HCV 
seroprevalence (0.5%) was lower than anticipated, result-
ing in wide confidence intervals and reduced precision 
for HCV estimates. A retrospective analysis of medical 
records was performed at Damascus Hospital and Ibn Al-
Nafees Hospital, two prominent public healthcare insti-
tutions in Damascus, Syria, affiliated with the Ministry of 
Health. The objective was to determine the prevalence of 
hepatitis B virus (HBV), hepatitis C virus (HCV), cyto-
megalovirus (CMV), and tuberculosis (TB) infections 
among patients diagnosed with inflammatory bowel 
disease (IBD). Inclusion criteria for this study required 
patients to have a confirmed diagnosis of IBD based on 
established clinical, endoscopic, and/or histological cri-
teria as defined by relevant guidelines [9, 10]; (2) Docu-
mentation of treatment at the IBD Unit included verified 
evidence of patients receiving medical management for 
inflammatory bowel disease within the specified unit. 
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To enhance precision, we focused on analyzing records 
of all patients who underwent immunosuppressive ther-
apy. The largest sample size was for CMV seroprevalence 
which was initially calculated as n = 123, based on a 95% 
confidence interval, a 5% margin of error, and an assumed 
prevalence of 90.9%. All available records (n = 185) were 
reviewed to optimize statistical power, minimize selec-
tion bias, and account for potential missing data—com-
mon challenges in retrospective conflict-zone studies. 
The observed HCV seroprevalence was 0.5%, which was 
significantly lower than the 2.8% prevalence used in the 
initial sample size estimate. Although the study sample of 
185 exceeded the projected objective of 42 for HCV, the 
low prevalence resulted in a limited number of positive 
cases, decreasing the accuracy of the HCV seropreva-
lence estimate and providing broader confidence ranges. 
This limitation may impair the study’s ability to robustly 
characterize HCV seroprevalence in the target popula-
tion. Figure 1 summarizes the study’s design and partici-
pant selection process [23]. A total of 185 IBD patients 
on immunosuppressive medication were retrospectively 
enrolled at Damascus Hospital and Ibn Al-Nafees Hos-
pital (2021–2024). Eligibility required a confirmed IBD 
diagnosis based on ECCO criteria [9, 10] and verified 
immunosuppressive therapy. Despite initial sample size 
targets of 128 for CMV, 82 for HBV, and 42 for HCV, 
recruitment hurdles in conflict-affected Syria limited 
enrollment to 185 patients. The flowchart divides data 
collecting areas (demographics, serological testing, and 
tuberculosis screening) and standardization processes 
to reduce inter-hospital variability. Missing data, result-
ing from diagnostic reagent shortages and institutional 
resource constraints during the humanitarian crisis, were 
rigorously labeled as ‘unknown’ to reduce bias.

Instruments and data collection
Following a thorough literature analysis, a structured 
questionnaire (Supplementary File S1) was created to fit 
with the study’s aims. The instrument, which was origi-
nally written in English, was revised for cultural and 
linguistic significance. A qualified physician extracted 
data from medical records (January 2021–November 
2024), including demographics (age, sex), medical his-
tory (comorbidities, surgeries), pharmacological history 
(biologics, immunosuppressants), IBD subtype (UC/
CD), disease activity indices, hepatitis serology (HBsAg, 
anti-HBc, anti-HBs, anti-HCV), and mycobacterial test-
ing (TST/IGRA). Anti-HBs levels were used as a proxy 
for HBV immunity, however distinguishing between vac-
cine-derived and infection-acquired immunity was not 
possible.

Data extraction and standardization
A pilot-tested questionnaire with established criteria 
(e.g., TST is positive at ≥ 5 mm in immunocompromised 
patients, ≥ 10 mm in high-risk individuals, and ≥ 15 mm 
in low-risk patients) ensured consistency between 
Damascus and Ibn Al-Nafees hospitals. Research assis-
tants were trained together to standardize term interpre-
tation (for example, CMV colitis requires histopathology/
PCR) and data entry. Ambiguous factors, such as active 
smoking (≥ 1 cigarette/day for ≥ 6 months), were defined 
beforehand. A senior researcher assessed 20% of ran-
domly selected records each site and resolved differ-
ences through consensus. Identical assays (CMV IgG 
ELISA, HBsAg ECLIA) were used, and missing data was 
classified as “unknown”. Inter-rater reliability for crucial 
variables (IBD subtype and TST interpretation) was near-
perfect (κ = 0.81, 95% CI: 0.73–0.89).

Fig. 1 Flowchart of screening process for IBD patients on biologic therapy
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Statistical tests
R software was used for prevalence estimates (with 95% 
confidence intervals). Subgroup comparisons (hospital, 
IBD subtype, smoking status) employed χ² or Fisher’s 
exact tests, with 95% CI [24].

Missing data handling
Missing TST and anti-HBs findings were omitted from 
the primary analysis to avoid misclassification. Sensitiv-
ity analysis compared the best-case (missing = negative) 
and worst-case (missing = positive) scenarios. Systemic 
gaps in testing, caused by reagent shortages (e.g., tuber-
culin), prioritizing of acute IBD care, and institutional 
cost barriers (e.g., CMV IgG exclusion), mirrored con-
flict-related resource constraints during Syria’s humani-
tarian crisis (2012–2024). These constraints most likely 
underestimated latent infection prevalence, underscor-
ing the importance of context-specific methods in crisis 
circumstances.

Data security
Participants’ files were allocated unique identities and 
kept in secured cabinets. Data was entered into a pass-
word-protected Microsoft Access database with specified 
fields to reduce errors. De-identified records will be elec-
tronically archived for three years after the study, with 
access limited to approved people.

Results
Demographic and clinical characteristics of the cross-
sectional study are summarized in Table  1. While age 
and sex distributions were comparable between hos-
pitals, significant institutional disparities emerged in 
smoking prevalence and immunosuppressive therapy 
utilization. Notably, biologic agent prescribing patterns 
varied, reflecting differences in local protocols. These 
findings underscore the heterogeneous healthcare prac-
tices across centers, likely exacerbated by resource con-
straints during Syria’s humanitarian crisis. Statistical 
comparisons accounted for confounders, with method-
ological rigor adhering to STROBE guidelines.

Infection screening outcomes and prevalence are 
detailed in Table  2. Marked institutional variability was 
observed in tuberculosis and cytomegalovirus testing, 
with significant gaps in hepatitis B immunity surveil-
lance. The near-universal CMV seropositivity at one 
hospital contrasted starkly with the absence of testing at 
the other, highlighting systemic inequities. These results 
emphasize the urgent need for standardized pre-biologic 
screening protocols in conflict settings, where diagnostic 
resource shortages disproportionately impact vulnerable 
populations.

Impact of missing data
TST prevalence estimates ranged from 4.3% (8/185; 
95% CI: 1.4–7.2%) to 38.9% (72/185; 95% CI: 31.9–
45.9%), while anti-HBs seropositivity ranged from 6.5% 
(12/185; 95% CI: 3.0–10.0%) to 68.1% (126/185; 95% CI: 
61.4–74.8%). These extremes, shown in broad confi-
dence ranges, confirm that observed rates are driven by 
incomplete screening rather than biological prevalence, 
underscoring the importance of standardized techniques 
to reduce diagnostic uncertainty. The broad confidence 
intervals in sensitivity analyses, especially for worst-case 
scenarios, indicate the significant uncertainty caused by 
missing data, emphasizing the limits of retroactive con-
flict-zone studies.

Discussion
Biologic medicines pose a particular danger of reactivat-
ing latent infections such as hepatitis B virus (HBV) and 
tuberculosis (TB), both of which can cause significant 
morbidity and even death [8]. Hepatitis B reactivation 
(HBVr) is the resurgence of viral replication in patients 
with prior or chronic HBV infection, caused by the per-
sistence of covalently closed circular DNA (cccDNA) in 
hepatocytes despite apparent virological remission; 
under immunosuppression, cccDNA can resume tran-
scription and generate new virions [24, 25]. Although dil-
igent prophylaxis and surveillance can prevent most 
HBVr episodes, the concern remains in everyday practice 
[25, 26]. Although HBVr is preventable with appropriate 

Table 1 Demographic and clinical characteristics
Variable Damascus Hospital (n = 104) Ibn Al-Nafees Hospital (n = 81) Pooled Cohort (n = 185) p-value
Age (years), median (IQR) 34 (24.75–43) 31 (22.75–40) 34 (24–43) p = 0.12
Female Sex, n (%) [95% CI] 58 (55.8%) [46.0–65.2%] 42 (51.9%) [41.0–62.6%] 100 (54.1%) [46.8–61.2%] p = 0.60
IBD Subtype, n (%) [95% CI] p = 0.91
- Ulcerative Colitis (UC) 53 (51.0%) [41.4–60.5%] 42 (51.9%) [40.9–62.6%] 95 (51.4%) [44.1–58.6%]
- Crohn’s Disease (CD) 51 (49.0%) [39.5–58.6%] 37 (45.7%) [35.0–56.7%] 88 (47.6%) [40.4–54.9%]
Active Smoking, n (%) [95% CI] 17 (16.3%) [10.3–24.7%] 0 (0%) [0–5.1%] 17 (9.2%) [5.7–14.3%] p < 0.001
Immunosuppressive Therapies
- Azathioprine, n (%) [95% CI] 80 (76.9%) [68.0–84.0%] 74 (91.4%) [83.3–95.8%] 154 (83.2%) [77.1–88.1%] p = 0.006
- Infliximab, n (%) [95% CI] 51 (49.0%) [39.5–58.6%] 28 (34.6%) [25.0–45.6%] 79 (42.7%) [35.7–50.0%] p = 0.06
- Ustekinumab, n (%) [95% CI] 25 (24.0%) [16.9–32.9%] 20 (24.7%) [16.7–35.0%] 45 (24.3%) [18.7–30.9%] p = 0.91
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management, it remains a concern in clinical practice 
[12, 14, 27]. There is consensus that HBVr is defined by 
an increase in serum HBV DNA among previously 
exposed persons, however the precise criteria vary. The 
Asian Pacific Association for the Study of the Liver 
(APASL) defines reactivation as a ≥ 2-log rise in HBV 
DNA or an absolute level greater than 100 IU/mL when 
no baseline is available. In contrast, the American Asso-
ciation for the Study of Liver Diseases (AASLD) uses 
stratified cut-offs according to hepatitis B surface antigen 
(HBsAg) status and initial viral load, and separately char-
acterizes “hepatitis flare” by elevated alanine aminotrans-
ferase (ALT), a distinction not made by APASL [14, 27]. 
These disparate frameworks need individualized guide-
line selection in clinical decision-making. Risk stratifica-
tion differs between societies. Both APASL and the 
American Gastroenterological Association (AGA) agree 
that prolonged high-dose corticosteroids (> 20 mg pred-
nisone equivalent for > 4 weeks) and anti-TNF agents 
(adalimumab, infliximab, golimumab) have an HBVr risk 
of more than 10%; however, APASL classifies these thera-
pies as high-risk, while AGA classifies them as moderate-
risk. Ustekinumab is consistently deemed moderate-risk 
(1–10%), while medicines such as methotrexate, azathio-
prine, or short low-dose steroids remain low-risk [28–
30]. A recent meta-analysis found HBVr rates above 10% 
among chronic HBV carriers receiving adalimumab, inf-
liximab, or ustekinumab—findings that fit more closely 
with APASL than AGA guidelines and reflect the scarcity 
of previous evidence on cytokine inhibitors [31]. The 
absence of consistent HBVr definitions across worldwide 
standards impedes cross-study comparisons and 
obscures genuine incidence estimates, emphasizing the 

urgent need for a uniform reactivation criterion [14, 27]. 
To minimize HBVr, three main antiviral methods are 
used: (1) Prophylactic therapy started before immuno-
suppression [8, 14, 27, 28]; (2) Pre-emptive therapy initi-
ated upon early virological markers but prior to full 
reactivation [12, 27, 28, 32]; and (3) On-demand therapy 
reserved for confirmed reactivation based on clinical and 
laboratory criteria [14]. Selection is based on baseline 
serology, the strength and duration of immunosuppres-
sion, and patient-specific variables. Notably, our sample 
revealed low rates of anti-HBs testing, highlighting the 
necessity of baseline vaccination and establishing anti-
HBs titers > 10 IU/L in inflammatory bowel disease (IBD) 
patients lacking prior immunity [8, 12, 14, 27]. Data on 
direct-acting antivirals (DAAs) in IBD patients co-
infected with hepatitis C remains limited to case series, 
and the effect of immunosuppressive agents on sustained 
virologic response is unclear; nonetheless, existing guide-
lines advocate HCV treatment according to standard 
national protocols, with close monitoring for IBD flares 
during DAA administration [8].Similarly, immunosup-
pression increases the chance of latent tuberculosis infec-
tion (LTBI) reactivation in IBD, which often leads to 
more severe disease progression. Pre-treatment LTBI 
screening—ideally before any immunosuppressive expo-
sure—is crucial, with repeat evaluation warranted if ther-
apy changes or in high-risk circumstances [8, 33, 34]. A 
network meta-analysis reveals that biologic exposure 
increases total tuberculosis risk, which includes both new 
infections and reactivations [35]. Ustekinumab appears 
to carry a modest TB reactivation risk. In psoriasis stud-
ies and large cohorts, no cases occurred among prophy-
laxed LTBI patients [36–41]. Although rare instances 

Table 2 Infection screening and prevalence
Variable Damascus Hospital (n = 104) Ibn Al-Nafees Hospital 

(n = 81)
Pooled Cohort (n = 185) p-value

Tuberculosis (TST)
- Performed, n (%) [95% CI] 80 (76.9%) [68.0–84.0%] 40 (49.4%) [38.6–60.2%] 120 (64.9%) [57.6–71.5%] p < 0.001
- Positive, n/N (%) [95% CI] 7/80 (8.8%) [4.8–15.2%] 1/40 (1.2%) [0.03–6.7%] 8/120 (4.3%) [2.2–8.3%] p = 0.06
- UC vs. CD, n/N (%) [95% CI] 3/53 (5.7%) [1.9–15.1%] vs. 4/51 

(7.8%) [3.1–18.3%]
0/42 (0%) [0–8.4%] vs. 1/37 
(2.7%) [0.5–13.9%]

3/95 (3.2%) [1.1–8.9%] vs. 5/88 
(5.7%) [2.4–12.7%]

p = 0.47

Hepatitis B (HBsAg)
- Tested, n (%) [95% CI] 87 (83.7%) [75.3–89.6%] 66 (81.5%) [71.4–88.6%] 153 (82.7%) [76.5–87.6%] p = 0.70
- Positive, n/N (%) [95% CI] 4/87 (4.6%) [1.8–11.1%] 1/66 (1.5%) [0.3–8.2%] 5/153 (3.3%) [1.4–7.4%] p = 0.38
- Smokers vs. Non-Smokers, n/N (%) 
[95% CI]

2/17 (11.8%) [3.3–34.3%] - 2/17 vs. 3/168 (1.8%) [0.6–5.1%] p = 0.09

Cytomegalovirus (CMV)
- IgG Tested, n (%) [95% CI] 103 (99.0%) [94.7–99.8%] 0 (0%) [0–5.1%] 103 (55.7%) [48.3–62.8%] < 0.001
- IgG Positive, n/N (%) [95% CI] 94/103 (91.3%) [84.4–95.4%] 0/0 (N/A) 94/103 (91.3%) [84.4–95.4%]† p < 0.001
- UC vs. CD, n/N (%) [95% CI] 47/53 (88.7%) [77.5–94.8%] vs. 

47/51 (92.2%) [81.5–97.0%]
- 47/95 (49.5%) [39.6–59.4%] vs. 

47/88 (53.4%) [42.9–63.7%]
p = 0.57

Hepatitis C (Anti-HCV)
- Tested, n (%) [95% CI] 89 (85.6%) [77.5–91.1%] 58 (71.6%) [60.7–80.5%] 147 (79.5%) [72.9–84.8%] p = 0.02
- Positive, n/N (%) [95% CI] 1/89 (1.1%) [0.2–6.0%] 0/58 (0%) [0–6.2%] 1/147 (0.7%) [0.1–3.7%] p = 1.00
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(e.g., a pediatric Crohn’s case on combo therapy) indicate 
that prolonged use may still bring risks [42, 43]. Conven-
tional immunomodulators (azathioprine, methotrexate, 
ciclosporin) and short-term corticosteroids pose no 
major TB risk, making routine LTBI treatment unneces-
sary in most situations [44, 45]. Annual rescreening is 
advisable for individuals in endemic regions or with 
ongoing exposure [46]. To evaluate LTBI, consider epide-
miological risk, clinical examination, chest radiography, 
and interferon-γ release assays (IGRA) or tuberculin skin 
tests (TST). Immunosuppressive drugs can reduce TST 
and IGRA sensitivity, thus testing at IBD diagnosis—
before immunosuppression—is ideal [47, 48]. A TST 
induration ≥ 5  mm indicates a positive result, however 
specificity is low (about 5% of immunocompetent posi-
tives advance to active TB) and may be influenced by 
remote BCG vaccination [49–51]. LTBI treatment must 
be completed before initiating biologics; if active IBD 
requires urgent therapy, a minimum four-week overlap 
after LTBI treatment onset is recommended [8]. In this 
restricted sample, ustekinumab revealed a reassuring 
safety profile among patients with either positive TST or 
evidence of prior HBV exposure, regardless of the pre-
ventive strategy [40]. While TST and IGRA remain cru-
cial for LTBI screening, their poor sensitivity in 
immunocompromised individuals requires an integrated 
strategy that includes epidemiological risk assessment, 
clinical evaluation, and immunological testing to maxi-
mize tuberculosis risk management [52]. In our Damas-
cus Hospital sample, anti-CMV IgG was identified in 
91.3% of patients, while CMV colitis developed in just 
1.9%. This aligns with recent observations that, whereas 
CMV exposure is nearly universal in IBD, clinically severe 
colitis is unusual [53]. The lack of comparable data from 
Ibn Al-Nafees Hospital prevents direct inter-center com-
parison and emphasizes the importance of coordinated 
data collection to understand CMV prevalence and its 
clinical consequences across institutions [54]. Despite the 
retrospective methodology and conflict-related health-
care disruptions that preclude direct comparison to con-
temporaneous general population data, our findings are 
consistent with regional patterns: HBV and HCV preva-
lence among biologic candidates was lower than that 
reported among blood donors, perhaps reflecting prese-
lection through comorbidities screening, but CMV sero-
prevalence approximated endemic Middle Eastern 
exposure [22, 55–58]. The difference between our TST 
positivity rate (4.3%) and the estimated latent TB preva-
lence in Syria (10–15%) demonstrates the influence of 
immunosuppression and poor screening on diagnostic 
yield [59–61] HBV, transferred by percutaneous or 
mucosal exposure, poses a substantial reactivation risk 
under biologic therapy, potentially leading to fulminant 
hepatitis if unchecked [62–64]. while TNF-α inhibitors 

predispose to TB reactivation and dissemination [65, 66]. 
CMV exploits intestinal inflammation in IBD to reacti-
vate, exacerbating colitis severity and increasing colec-
tomy ris [58]. Although our study focused on HBV, HCV, 
TB, and CMV, endemic infections such as HPV—preva-
lent in conflict zones and linked in neoplastic progres-
sion—require consideration in future research [67]. 
Despite Syria’s high HBV newborn immunization cover-
age (≥ 85%) and ubiquitous BCG delivery (≥ 90%), anti-
HBs seropositivity was only 9.6% in our group, suggesting 
attenuated vaccine responses in immunosuppressed peo-
ple [68, 69]. Universal BCG hampers TST interpretation 
by raising false-positive rates, although IGRA specificity 
is unchanged. International recommendations advocate 
HBV revaccination and prevention in seronegative indi-
viduals starting biologics [70, 71]. Significant gaps in pre-
biologic screening—61.6% missing anti-HBs, 20.5% 
untested for HCV, 44.3% missing CMV IgG, and 34.6% 
missing TST—raise the risk of undiscovered infections 
and negative consequences. We recommend for stan-
dardized screening bundles (HBsAg, anti-HBc, anti-HBs, 
HCV serology, CMV IgG, and dual TST/IGRA testing) 
and preventative measures, such as isoniazid for LTBI 
and antiviral therapy in accordance with AASLD guide-
lines. Our retrospective design and humanitarian setting 
present many limitations, including selection bias from 
incomplete data at Ibn Al-Nafees (100% CMV IgG and 
91.4% IGRA missing), information bias due to non-stan-
dardized documentation (61.5% anti-HBs missing), and 
the inability to demonstrate causality. Screening tech-
niques vary by institution (e.g., CMV IgG testing in 99% 
at Damascus against none at Ibn Al-Nafees; TST comple-
tion rates of 76.9% versus 49.4%, p < 0.001), limiting com-
parability. Conflict-related diagnostic reagent shortages, 
inconsistent power supply, and fragmented health sys-
tems most likely contributed to non-random missingness 
and the emphasis of acute care over latent infection 
screening. Screening techniques vary by institution (e.g., 
CMV IgG testing in 99% at Damascus against none at Ibn 
Al-Nafees; TST completion rates of 76.9% versus 49.4%, 
p < 0.001), limiting comparability. Conflict-related diag-
nostic reagent shortages, inconsistent power supply, and 
fragmented health systems most likely contributed to 
non-random missingness and the emphasis of acute care 
over latent infection screening [7, 55, 56, 72–76].

Nevertheless, sensitivity analyses that account for miss-
ing data support our basic finding that observed haz-
ards are driven by incomplete screening rather than true 
infection prevalence. Prospective studies using estab-
lished techniques, mixed-effects modeling, and multiple 
imputation are required to validate these findings and 
inform guidance for conflict-affected countries.
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Conclusions
In this first Middle Eastern study, opportunistic infection 
screening in IBD patients on biologics was inadequate, 
with anti-HBs testing skipped in 61.5% and tuberculosis 
evaluation insufficient in 34.6%. These gaps highlight the 
importance of consistent AGA/AASLD guideline-driven 
screening to prevent reactivation. The lack of CMV and 
HBV data at Ibn Al-Nafees Hospital highlights structural 
inequities in war zones, necessitating integrated regional 
surveillance. Future research should validate algorithms 
in resource-limited settings, use cost-effective diagnos-
tics (e.g., combined TST/IGRA), standardize HBV-reacti-
vation criteria, and evaluate ustekinumab safety in latent 
TB/HBV. These findings also apply to immunomodu-
lator-treated rheumatoid arthritis, dermatological, and 
cancer patients.

Abbreviations
UC  Ulcerative colitis
CD  Crohn’s disease
HBV  hepatitis B
HCV  Hepatitis C
CMV  Cytomegalovirus
TB  Tuberculosis
HbsAg  Hepatitis B surface antigen
Anti-HCV  Anti-hepatitis C virus
TST  Mantoux tuberculin skin tests
IGRA  Interferon-Gamma Release Assays
Anti-HBc  Hepatitis B core antibody
anti-HbsAB  Hepatitis B Surface Antibody
ECCO  European Crohn’s and Colitis Organisation
ACG  American College of Gastroenterology
IBD  Inflammatory bowel disease
PCR  Polymerase chain reaction
TNFα  Tumour Necrosis Factor alpha

Supplementary Information
The online version contains supplementary material available at  h t t p s :   /  / d o  i .  o r  
g  /  1 0  . 1 1   8 6  / s 1 2  8 7 9 -  0 2 5 - 1  1 0 6 3 - 6.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
N/A.

Author contributions
MA contributed to the study’s design, implementation, data analysis, 
interpretation, and manuscript drafting. HA, SA, and MZ contributed to 
data collection, analysis, manuscript revision, and critical review. All authors 
reviewed and approved the final manuscript.

Funding 
None to declare.

Data availability
The data that support the findings of this study are available on request 
from the corresponding author, [MH]. The data are not publicly available due 
to containing information that could compromise the privacy of research 
participants.

Declarations

Ethics approval and consent to participate
The Declaration of Helsinki’s guiding principles were followed in the 
conduct of this investigation. The Institutional Review Board and Research 
Ethics Committee at Damascus Hospital provided ethical approval for this 
retrospective cross-sectional study (approval number: EAN:4−2024). The 
Institutional Review Board and Research Ethics Committee at Damascus 
Hospital waived participants’ written informed permission because of the 
study’s retrospective design and use of fully anonymised data from pre-
existing medical records. This conclusion is consistent with institutional 
regulations that allow for such usage of anonymised data without obtaining 
individual agreement. Every data handling procedure complied fully with 
applicable data protection regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 February 2025 / Accepted: 30 April 2025

References
1. Olaru ID, Meier MB, Mirzayev F, Prodanovic N, Kitchen PJ, Schumacher SG et 

al. Global prevalence of hepatitis B or hepatitis C infection among patients 
with tuberculosis disease: systematic review and meta-analysis. eClinicalMed-
icine. 2023;58.

2. Zhang C, Liu Y, Zhao H, Wang G. Global patterns and trends in total burden 
of hepatitis B from 1990 to 2019 and predictions to 2030. Clin Epidemiol. 
2022;14:1519–33.

3. Global Tuberculosis. Report 2020 – Reflections on the global TB burden, treat-
ment and prevention efforts. Int J Infect Dis. 2021;113:S7–12.

4. Bao MM, Kennedy JM, Dolinger MT, Dunkin D, Lai J, Dubinsky MC. Cytomega-
lovirus colitis in a patient with severe treatment refractory ulcerative colitis. 
Crohn’s Colitis 360. 2024;6:otae014.

5. Sheena BS, Hiebert L, Han H, Ippolito H, Abbasi-Kangevari M, Abbasi-Kange-
vari Z, et al. Global, regional, and National burden of hepatitis B, 1990–2019: 
a systematic analysis for the global burden of disease study 2019. Lancet 
Gastroenterol Hepatol. 2022;7:796–829.

6. Kandiel A, Lashner B. Cytomegalovirus colitis complicating inflammatory 
bowel disease. Am J Gastroenterol. 2006;101:2857–65.

7. Cannon MJ, Schmid DS, Hyde TB. Review of cytomegalovirus Seroprevalence 
and demographic characteristics associated with infection. Rev Med Virol. 
2010;20:202–13.

8. Kucharzik T, Organisation [ECCO on behalf of the EC and, Ellul C P, Organisa-
tion [ECCO on behalf of the EC and C, Greuter T et al. Organisation [ECCO on 
behalf of the EC and C,. ECCO Guidelines on the Prevention, Diagnosis, and 
Management of Infections in Inflammatory Bowel Disease. J Crohns Colitis. 
2021;15:879–913.

9. Raine T, Bonovas S, Burisch J, Kucharzik T, Adamina M, Annese V, et al. ECCO 
guidelines on therapeutics in ulcerative colitis: medical treatment. J Crohn’s 
Colitis. 2022;16:2–17.

10. Torres J, Bonovas S, Doherty G, Kucharzik T, Gisbert JP, Raine T, et al. ECCO 
guidelines on therapeutics in Crohn’s disease: medical treatment. J Crohn’s 
Colitis. 2020;14:4–22.

11. Pawlotsky J-M, Negro F, Aghemo A, Berenguer M, Dalgard O, Dusheiko G, et 
al. EASL recommendations on treatment of hepatitis C: final update of the 
series☆. J Hepatol. 2020;73:1170–218.

12. European Association for the Study of the Liver. Electronic address: Easlof-
fice@easloffice.eu, European association for the study of the liver. EASL 2017 
clinical practice guidelines on the management of hepatitis B virus infection. 
J Hepatol. 2017;67:370–98.

13. Ghany MG, Morgan TRPanel A-IHCG. Hepatitis C guidance 2019 update: 
American association for the study of liver diseases–Infectious diseases 
society of America recommendations for testing, managing, and treating 
hepatitis C virus infection. Hepatology. 2020;71:686.

https://doi.org/10.1186/s12879-025-11063-6
https://doi.org/10.1186/s12879-025-11063-6


Page 8 of 9Alhalabi et al. BMC Infectious Diseases          (2025) 25:652 

14. Terrault NA, Lok ASF, McMahon BJ, Chang K-M, Hwang JP, Jonas MM, et 
al. Update on prevention, diagnosis, and treatment of chronic hepatitis B: 
AASLD 2018 hepatitis B guidance. Hepatology. 2018;67:1560.

15. Lewinsohn DM, Leonard MK, LoBue PA, Cohn DL, Daley CL, Desmond E, et 
al. Official American thoracic society/infectious diseases society of America/
Centers for disease control and prevention clinical practice guidelines: diag-
nosis of tuberculosis in adults and children. Clin Infect Dis. 2017;64:e1–33.

16. Sager K, Alam S, Bond A, Chinnappan L, Probert CS. Review Article: cyto-
megalovirus and inflammatory bowel disease. Aliment Pharmacol Ther. 
2015;41:725–33.

17. Goetgebuer RL, van der Woude CJ, Bakker L, van der Eijk AA, de Ridder L, 
de Vries AC. The diagnosis and management of CMV colitis in IBD patients 
shows high practice variation: a National survey among gastroenterologists. 
Scand J Gastroenterol. 2022;57:1321–6.

18. Gilmore RB, Taylor KM, Morrissey CO, Gardiner BJ. Cytomegalovirus in inflam-
matory bowel disease: a clinical approach. Intern Med J. 2022;52:365–8.

19. Charan J, Biswas T. How to calculate sample size for different study designs in 
medical research?? Indian J Psychol Med. 2013;35:121–6.

20. Carmo AM do, Santos FM, Ortiz-Agostinho CL, Nishitokukado I, Frota CS, 
Gomes FU, et al. Cytomegalovirus infection in inflammatory bowel disease is 
not associated with worsening of intestinal inflammatory activity. PLoS ONE. 
2014;9:e111574.

21. Alassad A, Al Rahwanji MJ, Yousfan A, Al Moualem S, Farhat A, Youssef LA. 
Seroprevalence and trends of hepatitis B virus, hepatitis C virus and human 
immunodeficiency virus in Syrian blood donors at Damascus university 
blood center between 2004 and 2021. Front Public Health. 2023;11:1174638.

22. Bashour H, Muhjazi G. Hepatitis B and C in the Syrian Arab Republic: a review. 
East Mediterr Health J. 2016;22:267–73.

23. Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, Mulrow CD, Pocock 
SJ, et al. Strengthening the reporting of observational studies in epidemiol-
ogy (STROBE): explanation and elaboration. Int J Surg. 2014;12:1500–24.

24. R Core Team. R: A language and environment for statistical computing. 2025.
25. Wang Y, Han S-HB, Hepatitis B, Reactivation. A review of clinical guidelines. J 

Clin Gastroenterol. 2021;55:393.
26. Levrero M, Pollicino T, Petersen J, Belloni L, Raimondo G, Dandri M. Control of 

CccDNA function in hepatitis B virus infection. J Hepatol. 2009;51:581–92.
27. Sk S, M K, Gk L, Z A, Hl C, Cj C et al. Asian-Pacific clinical practice guidelines on 

the management of hepatitis B: a 2015 update. Hep Intl. 2016;10.
28. Lau G, Yu M-L, Wong G, Thompson A, Ghazinian H, Hou J-L, et al. APASL 

clinical practice guideline on hepatitis B reactivation related to the use of 
immunosuppressive therapy. Hepatol Int. 2021;15:1031–48.

29. Reddy KR, Beavers KL, Hammond SP, Lim JK, Falck-Ytter YT. American gastro-
enterological association Institute guideline on the prevention and treatment 
of hepatitis B virus reactivation during immunosuppressive drug therapy. 
Gastroenterology. 2015;148:215–9.

30. Alhalabi MM, Almokdad R. The incidence of hepatitis B reactivation in 
patients receiving ustekinumab: a systematic review and proportional meta-
analysis. Eur J Gastroenterol Hepatol. 2025;37:1–9.

31. Papatheodoridis GV, Lekakis V, Voulgaris T, Lampertico P, Berg T, Chan HLY, et 
al. Hepatitis B virus reactivation associated with new classes of immunosup-
pressants and immunomodulators: A systematic review, meta-analysis, and 
expert opinion. J Hepatol. 2022;77:1670–89.

32. Singh N. Preemptive therapy versus universal prophylaxis with ganciclovir 
for cytomegalovirus in solid organ transplant recipients. Clin Infect Dis. 
2001;32:742–51.

33. Wong SH, Gao Q, Tsoi KKF, Wu WKK, Tam L, Lee N, et al. Effect of immuno-
suppressive therapy on interferon γ release assay for latent tuberculosis 
screening in patients with autoimmune diseases: a systematic review and 
meta-analysis. Thorax. 2016;71:64–72.

34. Wong SH, Ip M, Tang W, Lin Z, Kee C, Hung E, et al. Performance of Interferon-
gamma release assay for tuberculosis screening in inflammatory bowel 
disease patients. Inflamm Bowel Dis. 2014;20:2067–72.

35. Bonovas S, Fiorino G, Allocca M, Lytras T, Nikolopoulos GK, Peyrin-Biroulet L, 
et al. Biologic therapies and risk of infection and malignancy in patients with 
inflammatory bowel disease: A systematic review and network Meta-analysis. 
Clin Gastroenterol Hepatol. 2016;14:1385–e139710.

36. Reich K, Puig L, Paul C, Kragballe K, Luger T, Lambert J, et al. One-year safety 
and efficacy of ustekinumab and results of dose adjustment after switching 
from inadequate methotrexate treatment: the TRANSIT randomized trial in 
moderate‐to‐severe plaque psoriasis. Br J Dermatol. 2014;170:435–44.

37. Paul C, Puig L, Kragballe K, Luger T, Lambert J, Chimenti S, et al. Transition to 
ustekinumab in patients with moderate-to-severe psoriasis and inadequate 

response to methotrexate: a randomized clinical trial (TRANSIT). Br J Derma-
tol. 2014;170:425–34.

38. Sandborn WJ, Rebuck R, Wang Y, Zou B, Adedokun OJ, Gasink C, et al. Five-
Year efficacy and safety of ustekinumab treatment in Crohn’s disease: the 
IM-UNITI trial. Clin Gastroenterol Hepatol. 2022;20:578–e5904.

39. Abreu MT, Rowbotham DS, Danese S, Sandborn WJ, Miao Y, Zhang H, et al. 
Efficacy and safety of maintenance ustekinumab for ulcerative colitis through 
3 years: UNIFI Long-term extension. J Crohns Colitis. 2022;16:1222–34.

40. Liu R, Li Z, Ye L, Hu J, Tang J, Chen B, et al. Risk of tuberculosis and hepatitis B 
reactivation in patients with Crohn’s disease on ustekinumab: A nationwide 
Real-World study. Inflamm Bowel Dis. 2023. izad032.

41. Leonardi CL, Kimball AB, Papp KA, Yeilding N, Guzzo C, Wang Y, et al. Efficacy 
and safety of Ustekinumab, a human interleukin-12/23 monoclonal antibody, 
in patients with psoriasis: 76-week results from a randomised, double-blind, 
placebo-controlled trial (PHOENIX 1). Lancet. 2008;371:1665–74.

42. Renoux MC, Dutronc S, Kollen L, Theret S, Moreau J. A case of disseminated 
tuberculosis in a child with Crohn’s disease after treatment with azathioprine, 
adalimumab and ustekinumab. Arch Bronconeumol. 2021;57:552–4.

43. Lorenzetti R, Zullo A, Ridola L, Diamanti AP, Laganà B, Gatta L, et al. Higher risk 
of tuberculosis reactivation when anti-TNF is combined with immunosup-
pressive agents: a systematic review of randomized controlled trials. Ann 
Med. 2014;46:547–54.

44. Af MBPM, Mj MLC, Je S. F, Methotrexate treatment in rheumatoid arthritis: 
management in clinical remission, common infection and tuberculosis. 
Results from a systematic literature review. Clin Rheumatol. 2010;29.

45. Yj C, Cy W, Jl S, Tt C, Yt C. Association between traditional systemic antipso-
riatic drugs and tuberculosis risk in patients with psoriasis with or without 
psoriatic arthritis: results of a nationwide cohort study from Taiwan. J Am 
Acad Dermatol. 2013;69.

46. Taxonera C, Ponferrada Á, Riestra S, Bermejo F, Saro C, Martín-Arranz MD, et 
al. Serial tuberculin skin tests improve the detection of latent tuberculosis 
infection in patients with inflammatory bowel disease. J Crohn’s Colitis. 
2018;12:1270–9.

47. Taxonera C, Ponferrada Á, Bermejo F, Riestra S, Saro C, Martín-Arranz MD, et al. 
Early tuberculin skin test for the diagnosis of latent tuberculosis infection in 
patients with inflammatory bowel disease. J Crohn’s Colitis. 2017;11:792–800.

48. Maaser C, Sturm A, Vavricka SR, Kucharzik T, Fiorino G, Annese V, et al. ECCO-
ESGAR guideline for diagnostic assessment in IBD part 1: initial diagnosis, 
monitoring of known IBD, detection of complications. J Crohn’s Colitis. 
2019;13:144–K164.

49. Horsburgh CR. Priorities for the treatment of latent tuberculosis infection in 
the united States. N Engl J Med. 2004;350:2060–7.

50. Diel R, Goletti D, Ferrara G, Bothamley G, Cirillo D, Kampmann B, et al. 
Interferon-γ release assays for the diagnosis of latent Mycobacterium 
tuberculosis infection: a systematic review and meta-analysis. Eur Respir J. 
2011;37:88–99.

51. Yeh YP, Luh DL, Chang SH, Suo J, Chang HJ, Chen THH. Tuberculin reactivity 
in adults after 50 years of universal Bacille Calmette-Guerin vaccination in 
Taiwan. Trans R Soc Trop Med Hyg. 2005;99:509–16.

52. Park CH, Park JH, Jung YS. Impact of immunosuppressive therapy on the 
performance of latent tuberculosis screening tests in patients with inflam-
matory bowel disease: A systematic review and Meta-Analysis. J Pers Med. 
2022;12:507.

53. Lv Y, Han F, Jia Y, Wan Z, Gong L, Liu H, et al. Is cytomegalovirus infection 
related to inflammatory bowel disease, especially steroid-resistant inflamma-
tory bowel disease? A meta-analysis. IDR. 2017;10:511–9.

54. Alhalabi M, Alziadan SM. A diagnostic dilemma: cytomegalovirus colitis as an 
uncommon comorbidity in inflammatory bowel disease: a case report. Virol J. 
2024;21:188.

55. Basha L, Ahmed H, Hamze M, Ali AA, Alahdab F, Marzouk M, et al. Cancer and 
Syria in conflict: a systematic review. BMC Cancer. 2024;24:1537.

56. Tarnas MC, Hamze M, Tajaldin B, Sullivan R, Parker DM, Abbara A. Exploring 
relationships between conflict intensity, forced displacement, and health-
care attacks: a retrospective analysis from Syria, 2016–2022. Confl Health. 
2024;18:70.

57. Irfan B, Tarab B, Alabed A. Syria’s Bashar al-Assad: the crimes of a physician. 
Lancet. 2025;405:119.

58. Gsa MZ. S, G W, F J, C S, B D, Estimation of the worldwide Seroprevalence 
of cytomegalovirus: A systematic review and meta-analysis. Rev Med Virol. 
2019;29.



Page 9 of 9Alhalabi et al. BMC Infectious Diseases          (2025) 25:652 

59. Warrington P, Tyrrell G, Choy K, Eisenbeis L, Long R, Cooper R. Prevalence 
of latent tuberculosis infection in Syrian refugees to Canada. Can J Public 
Health. 2018;109:8–14.

60. Barry M. Prevalence of latent tuberculosis infection in the middle East and 
North Africa: A systematic review. Pulm Med. 2021;2021:6680651.

61. Ismail MB, Nour D, Raad G, Osman M, Rafei R, Mallat H, et al. First data on 
latent tuberculosis infection in Syrian refugees with diabetes in Lebanon. 
Public Health. 2020;189:97–100.

62. Yang Y, Deng L, Li X, Shi Z, Jiang P, Chen D, et al. Analysis of prognosis-
associated factors in fulminant viral hepatitis during pregnancy in China. Int J 
Gynaecol Obstet. 2011;114:242–5.

63. Deng L, Li X, Shi Z, Jiang P, Chen D, Ma L. Maternal and perinatal outcome 
in cases of fulminant viral hepatitis in late pregnancy. Int J Gynaecol Obstet. 
2012;119:145–8.

64. Yin Y, Chen X, Li X, Hou H, Shi Z. [Intrauterine HBV infection: risk factors and 
impact of HBV DNA]. Nan Fang Yi Ke Da Xue Xue Bao. 2006;26:1452–4.

65. Gardam MA, Keystone EC, Menzies R, Manners S, Skamene E, Long R, et al. 
Anti-tumour necrosis factor agents and tuberculosis risk: mechanisms of 
action and clinical management. Lancet Infect Dis. 2003;3:148–55.

66. Zhang Z, Fan W, Yang G, Xu Z, Wang J, Cheng Q, et al. Risk of tuberculosis in 
patients treated with TNF-α antagonists: a systematic review and meta-
analysis of randomised controlled trials. BMJ Open. 2017;7:e012567.

67. Shi Z. Obstetrical management of fulminant viral hepatitis in late pregnancy. 
Reprod Sys Sex Disorders. 2012;01.

68. Baatz RK, Ekzayez A, Najib Y, Alkhalil M, Salem M, Alshiekh MA, et al. Vaccina-
tion governance in protracted conflict settings: the case of Northwest Syria. 
BMC Health Serv Res. 2024;24:1056.

69. Jamal Z, Alameddine M, Diaconu K, Lough G, Witter S, Ager A, et al. Health 
system resilience in the face of crisis: analysing the challenges, strategies and 
capacities for UNRWA in Syria. Health Policy Plann. 2020;35:26–35.

70. Farraye FA, Melmed GY, Lichtenstein GR, Kane SV. ACG clinical guideline: pre-
ventive care in inflammatory bowel disease. Official J Am Coll Gastroenterol| 
ACG. 2017;112:241.

71. Reich J, Wasan S, Farraye FA. Vaccinating patients with inflammatory bowel 
disease. Gastroenterol Hepatol (N Y). 2016;12:540–6.

72. Marou V, Vardavas CI, Aslanoglou K, Nikitara K, Plyta Z, Leonardi-Bee J, et al. 
The impact of conflict on infectious disease: a systematic literature review. 
Confl Health. 2024;18:27.

73. Groenwold RHH, Donders ART, Roes KCB, Harrell FE Jr, Moons KGM. Dealing 
with missing outcome data in randomized trials and observational studies. 
Am J Epidemiol. 2012;175:210–7.

74. Little RJ, D’Agostino R, Cohen ML, Dickersin K, Emerson SS, Farrar JT, et al. 
The prevention and treatment of missing data in clinical trials. N Engl J Med. 
2012;367:1355–60.

75. Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al. 
Multiple imputation for missing data in epidemiological and clinical research: 
potential and pitfalls. BMJ. 2009;338:b2393.

76. Kristman V, Manno M, Côté P. Loss to follow-up in cohort studies: how much 
is too much? Eur J Epidemiol. 2004;19:751–60.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Prevalence of opportunistic infections in Syrian inflammatory bowel disease patients on biologic therapy: a multi-center retrospective cross-sectional study
	Abstract
	Background
	Methods
	Study design
	Diagnostic criteria


	Sample size and sampling technique
	Instruments and data collection
	Data extraction and standardization
	Statistical tests
	Missing data handling
	Data security
	Results
	Impact of missing data

	Discussion
	Conclusions
	References


