Medicine

ISystematic Review and Meta-Analysis

Association of oral vancomycin prophylaxis with
Clostridium difficile infection in hematopoietic
stem cell transplant recipients

A systematic review and meta-analysis

Maaz Amir, MBBS?, Khkula Kamal, MBBS®, Muhammad Asad Jahangir, MBBS?, Muneeb Faiz, MBBS?,
Zonaira Mushahid, MBBS®, Mohammad Mujtaba Khokhar, MBBS¢, Ayesha Wasim, MBBS?,
Muhammad Sarmad, MBBS?, Asad Ullah Mehboob, MBBS9, Muhammad Moneeb Anwar, MBBS?,
Muhammad Maaz, MBBSY, Muhammad Huzefa Amjad, MBBS?, Hafiz Muhammad Haris, MBBS?,
Muhammad Numan Awais, MBBS®*(®, Ahmad Hassan, MBBS?

Abstract

Background: Clostridium difficile infection (CDI) occurs in up to 30% of hematopoietic stem cell transplant (HSCT) recip®
and remains a significant cause of infectious diarrhea. This meta-analysis evaluated the association of oral vancomycin prophylaxis
(OVP) with CDI prevention after HSCT.

Methods: We conducted a literature search of PubMed, Cochrane, and Google Scholar for articles from inception to July
2025 that compared the safety and efficacy of OVP for CDI in post-HSCT patients. Statistical analysis of the extracted data was
conducted using Review Manager 5.4. The odds ratio for dichotomous variables and the mean difference for continuous variables
were analyzed along with the corresponding 95% confidence intervals. A random-effects model was applied when heterogeneity
was high (/? > 50%), and a fixed-effect model was applied when heterogeneity was low (> < 50%).

Results: This meta-analysis included 5 studies comprising 957 patients, with 490 (51.2%) receiving OVP and 467 (48.8%) not
receiving OVP (no OVP). OVP was significantly associated with a reduced incidence of CDI during hospitalization (P < .00001). Although
a lower overall incidence of CDI (hospitalization plus 180-day follow-up) was observed in the OVP group, the result was not statistically
significant (P = .06). A leave-one-out analysis was performed to establish a significant association (P = .04). In the OVP group, higher
rates of grade 2 to 4 acute graft-versus-host disease (P = .13) and lower rates of bloodstream infections (P = .74), 1-year event-free
survival (P = .44), and longer hospital stays (P = .36) were observed, although none reached statistical significance.

Conclusion: \We conclude that oral vancomycin might be associated with a lower incidence of CDI during hospitalization in post-HSCT
recipients and can be considered for CDI prophylaxis. No statistically significant adverse outcomes were observed in the OVP group
compared with placebo. However, given the observational nature of these studies, these findings should be considered preliminary.
Large-scale randomized controlled trials are needed to confirm the true efficacy and safety profile of OVP in post-HSCT recipients.

Abbreviations: aGVHD = acute graft-versus-host disease, CDI = Clostridium difficile infection, Cl = confidence interval, EFS
= event-free survival, GVHD = graft-versus-host disease, HCT = hematopoietic cell transplant, HSCT = hematopoietic stem
cell transplant, /> = Higgins heterogeneity statistic, NOS = Newcastle-Ottawa Scale, OR = odds ratio, OVP = oral vancomycin
prophylaxis, PRISMA = Preferred Reporting ltems for Systematic Reviews and Meta-Analyses, PROSPERO = International
Prospective Register of Systematic Reviews, VRE = vancomycin-resistant enterococci.
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1. Introduction

Clostridium difficile infection (CDI) poses a notable risk for people
who have received hematopoietic stem cell transplants (HSCTs),
with an incidence rate of approximately 9.2% within the first
year posttransplantation.!!! These patients are at heightened risk
due to factors such as frequent hospitalizations and impaired
humoral response.”! Moreover, extensive antibiotic use disrupts
the gut microbiome and increases susceptibility to CDLP HSCT
patients are at increased risk of developing graft-versus-host dis-
ease (GVHD), since both GVHD and CDI cause mucosal injury
and inflammation of the intestinal epithelium, which lead to severe
diarrhea and increased morbidity and mortality rates.”!

Oral vancomycin plays a vital role in treating CDI due to its
ability to reach high concentrations in the intestines while being
absorbed minimally, thereby increasing its efficacy against C dif-
ficile, along with minimal systemic side effects.l! Vancomycin,
which is a glycopeptide antibiotic, disrupts bacterial cell wall syn-
thesis by firmly attaching to the D-alanyl-D-alanine end of the
precursors of peptidoglycan. This binding inhibits the transgly-
cosylation and transpeptidation processes that are important for
the cross-linking of the cell wall, thereby exerting a bacteriostatic
effect.” Although the prophylactic use of vancomycin has demon-
strated efficacy in preventing recurrent CDI, it also increases the
risk of vancomycin-resistant enterococci (VRE) colonization.!®!
This can make treating subsequent infections more difficult.

Even though there is an increasing amount of research on
how to prevent and treat CDI in individuals with compromised
immune systems, a noticeable gap in knowledge remains regard-
ing the potential benefit of oral vancomycin prophylaxis (OVP)
in patients undergoing HSCT. While there have been meta-
analyses examining the effectiveness of oral vancomycin for
other high-risk populations, such as individuals with hemato-
logic cancers or those receiving solid organ transplants,”! the
particular situation of HSCT has been largely overlooked by
comprehensive review.

The importance of vancomycin prophylaxis in the preven-
tion of CDI has gained increasing importance, particularly in
high-risk groups such as recipients of allogeneic hematopoietic
cell transplants (HCTs). Given the increased vulnerability of
HSCT patients to CDI, this study aims to assess the association
between vancomycin prophylaxis and CDI occurrence in this
high-risk population.

2. Materials and methods
2.1. Search strategy

This review was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines." Tt was registered in the International Prospective
Register of Systematic Reviews with registration number
CRD420251127776. A formal protocol was developed prior
to the study and is available upon request. A systematic search
of the literature was undertaken in July 2025 using the fol-
lowing databases: PubMed/Medical Literature Analysis and
Retrieval System Online, Cochrane, and Google Scholar. The
complete search strategy, including key terms such as “oral van-
comycin,” “Clostridium difficile infection,” and “hematopoietic
stem cell transplant,” is reported in the Supplementary File 1,
Supplemental Digital Content 1. To ensure comprehensive cover-
age, additional studies were identified through manual screening
of the reference lists of pertinent meta-analyses and by reviewing
the bibliographies of articles retrieved in the initial search.

2.2. Eligibility criteria

The included study population comprised patients who had
undergone HSCT. The included original research studies divided
HSCT patients into OVP and no OVP groups to evaluate and
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compare the efficacy and safety of OVP in preventing CDI.
Excluded studies included abstracts, letters to the editor, reviews,
case reports, and studies comparing OVP with interventions
other than placebo.

2.3. Data extraction and quality assessment

Two reviewers independently screened titles and abstracts, fol-
lowed by full-text assessment using predefined eligibility cri-
teria; discrepancies were resolved with a third reviewer. The
extracted data included study identifiers, study characteristics,
demographic data, patient characteristics, and relevant clin-
ical outcomes. Primary outcomes included the incidence of
CDI during hospitalization and the overall incidence of CDI,
while secondary outcomes included the incidence of acute graft-
versus-host disease (aGVHD; grades 2-4), the incidence of
bloodstream infections, event-free survival (EFS) at 1 year, and
the length of hospital stay. Among these, the length of stay was
analyzed as a continuous variable, while the remaining out-
comes were treated as dichotomous variables. Baseline study
characteristics, including age, sex distribution, diagnosis, donor
type, and conditioning intensity, were extracted and are summa-
rized in Table 1.

The quality of the studies was evaluated using the Newcastle—
Ottawa Scale (NOS), which was independently applied by 2
authors. The NOS assesses key aspects of cohort studies, specif-
ically focusing on selection, comparability, and outcome assess-
ment. Further details are provided in the Supplementary File 1,
Supplemental Digital Content 1.

2.4. Statistical analysis

Statistical analysis of the extracted data was conducted using
Review Manager (RevMan), version 5.4 (The Cochrane
Collaboration, London, United Kingdom) of the data was
performed using Review Manager 5.4. The odds ratio (OR)
or mean difference, along with the respective 95% confidence
intervals (CI), were computed. Heterogeneity among studies
was assessed using the chi-square (I?) statistic and was used
as a guide to choose either a fixed-effect or random-effect
model. Heterogeneity was classified as low (I* < 50%) or high
(I?>50%). A random-effects model was applied when sub-
stantial heterogeneity (I > 50% or P value < .05) was detected;
otherwise, a fixed-effect model was used. A sensitivity analysis
was performed when significant heterogeneity (I* > 50%) was
observed. All tests were two-tailed, with statistical significance
set at P < .0S.

2.5. Antibiotic prophylaxis

Allincluded trials employed consistent OVP protocols, with each
study reporting the conventional dose of 125 mg administered
twice daily. Prophylaxis was initiated on the day of inpatient
admission for transplantation and continued until hospital dis-
charge following hematologic recovery. Beyond this, the studies
varied in their approaches to concurrent bacterial prophylaxis.
In Fusco et al,l"3 OVP significantly reduced infection risk in the
unadjusted analysis, but the effect became nonsignificant after
adjusting for baseline factors (age, sex, underlying malignancy,
conditioning regimen intensity, donor match, and levofloxa-
cin exposure). Stepwise regression showed that no covariates
significantly influenced outcomes, and ORs for secondary out-
comes also remained nonsignificant.

Ganetsky et al'!l reported significantly higher pre-HCT
metronidazole use in the control group, also noting the use
of other antibiotics, including Gram-negative agents and IV
vancomycin, and stated that supportive treatments were also
continued post-HCT. In Reitmeyer et al,!'* patients received
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Study characteristics.

CDI during CDI during Overall Overall
Population Population hospitalization hospitalization incidence of incidence of CDI
Study author Year Country Study design OVP (n)  no OVP (n) in OVP (n) innoOVP (n) CDIinOVP (n)  inno OVP (n)
Ganetsky et all'! 2018 USA Retrospective cohort 90 55 0 1 NA NA
Altemeier and 2021 USA Retrospective cohort 100 100 2 11 8 15
Konrardy!'?
Fusco et all™? 2025 USA Retrospective cohort 71 131 NA NA 1 31
Reitmeyer et al'4 2024 USA Retrospective cohort 81 75 1 8 NA NA
Williams et al*®! 2024 USA Retrospective cohort 146 106 6 12 12 14

CDI = Clostridium diifficile infection, NA = not available, OVP = oral vancomycin prophylaxis, USA = United States of America.

[ Identification of studies via databases and registers ]
o
5 Records identified till July 2025: Records removed before
= PubMed (n= 146) screening:
= Google Scholar (n= 655) Duplicate records removed (n
= Cochrane (n=248) > =105)
§
—
) Records screened > Records excluded™*
(n =944) (n=916)
Reports sought for retrieval Reports not retrieved
> (n=28) (n=0)
=
c
[
o
: }
(7]
Reports assessed for eligibility
(n=28) Reports excluded:
Wrong comparison (n=4)
Insufficient data (n= 8)
Wrong outcome (n=11)
—
T
(7}
T
=
g Studies included in review
(n=15)

Figure 1. PRISMA flow diagram. PRISMA = Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.

multiple antibiotics with oral vancomycin, including daptomycin, linezolid, and sulfamethoxazole-trimethoprim;
cefazolin, cefepime, levofloxacin, meropenem, piperacillin-  only levofloxacin use was significantly higher in the experi-
tazobactam, IV vancomycin, clindamycin, metronidazole,  mental group. In the study by Williams et al,l'S! Pneumocystis
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jirovecii pneumonia prophylaxis was administered using 2| g
oral sulfamethoxazole-trimethoprim or intravenous pent- =|
amidine, starting on the day of cell infusion and continu- sl # 8 222222 22 2=
ing until neutrophil recovery. In contrast, Altemeier and 5 | 8|S
Konrardy!'?! utilized levofloxacin prophylaxis when the S| 2 8
absolute neutrophil count dropped below 500 cells/pL, with @
cefuroxime provided as an alternative for patients with a ElS| o
levofloxacin allergy. E|l 8| o
However, the independent impact of these antibiotics on CDI = 3 S 29 S =< <<
or other outcomes was not analyzed, as the studies primarily S| 3
focused on the effect of OVP. g 3
2.6. Ethical approval and patient consent % ©
Ethigal approve}l and informed _patient consent were not £ 2 By <oomo? Ng 8O
required for this study because it was a systematic review gl1e|d T a
and meta-analysis based exclusively on data from previously Sle|®
published studies. No individual patient data were collected, ; =
accessed, or analyzed. qE>a' c g
= o M~ <
E|E|S g
8|, wo ~ o s o~ |E
3. Results E é B colFasse T2 LrE %
3.1. Selected studies and study characteristics S 3 é
Out of 1049 studies initially identified from various data- " g
bases, 5 retrospective cohort studies involving a total of 957 x| e %
participants were ultlmatelly included. Study sel{:ctlon.fol- R - = <o wo |E
lowed the Preferred Reporting Items for Systematic Reviews = |B| L =22 CoTONZ2 S Ao |2
and Meta-Analyses 2020 guidelines, as depicted in Figure 1. S22 8
Key study characteristics are outlined in Table 1, while base- BI=" s
line characteristics are highlighted in Table 2. Across all 3| =
included studies, participants were divided into 2 groups: 28| e =
those who received OVP (n =490, 51.21%) and those who 8 E|lc g
did not (n =467, 48.79%). All studies were conducted in the Sl v =23 ©e5<va®23 X2 29 |3
United States. SR 5
(&)
3.2. Outcome 2|~ g
X | ~ 2
3.2.1. Primary outcome. Two predefined primary outcomes é- 2 o e <o o oo <« :.iJ
were used to directly explore the efficacy of OVP for CDI 8|4 T~ axfNfs S& =6 E
in patients undergoing HSCT: the incidence of CDI during g2 3 @
hospitalization and the overall incidence of CDI, which included *E =|° =
cases occurring during the hospital stay and throughout the 8| - £
180-day follow-up period. 25| s E
Our statistical analysis showed that OVP was significantly E| o 2
associated with a reduced incidence of CDI during hospi- g2l 41 E wReweol~ EE B2 |g
talization compared with patients who did not receive OVP g3 S
(OR = 0.16, CI =0.08-0.32, P <.00001). While a reduc- E|8 £
tion in the overall incidence of CDI was also noted among S
patients receiving OVP, this association did not reach sta- ) °
tistical significance (OR =0.33, CI=0.10-1.04, P =.06). - | 8] < =
These findings are summarized in Table 3 and illustrated in ) £ TS CeuuIne I3 I =
Figures 2 and 3. 'g S| x 5
S| e 3
3.2.2. Secondary outcome. The secondary outcomes assessed == =
included the incidence of aGVHD (grades 2-4), the incidence of . E
bloodstream infections, length of hospital stay, and EFS at 1 year, g 'S 2
defined as the time from transplant until relapse, progression, or E Ele 8
death from any cause. Zl8| 2 88 ~L¥wIRR 58 I3 é
Incidence of aGVHD was noted to be higher in the OVP = =
group (OR =1.40, CI=0.90-2.19, P =.13), while blood- S E
stream infections were reported less frequently in the 4 E
OVP group (OR =0.92, CI =0.56-1.52, P =.74). Patients ‘5 . E 5_3’
receiving OVP also had a lower EFS at 1 year (OR = 0.85, 2 = = e |3
CI=0.56-1.28, P = .44) and a longer hospital stay (mean Ele 3 2 e =228 |5
difference = 0.71, CI=-0.81 to 2.23, P =.36). However, Ol 5|2 H _E __ESE - Eg5 o8 = =
none of these differences reached statistical significance Pel3 S %é gE=SE S5 £3588 |3
(P <.05). These findings are detailed in Table 4 and shown % 2|8 E =h: §<jc S2=S5s255=28 D
in Figures 4 to 7. =R 23 a 8 8 =2
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3.3. Risk of bias in individual studies

Using the NOS, the assessment showed that the majority of
studies were of high quality, with 3 out of 5 earning 9 stars. The
other 2 studies received 8 stars, indicating high quality despite
minor limitations. Individual study scores related to risk of bias
are provided in the Supplementary File 1, Supplemental Digital
Content 1.

3.4. Sensitivity analysis

A sensitivity analysis identified substantial heterogene-
ity in only 1 outcome measure: the overall incidence of
CDI, which exceeded 50%, as indicated by the chi-square
(I?) statistic. This outcome was further evaluated using a
leave-one-out analysis, systematically excluding the 3 indi-
vidual studies initially included, to assess their impact on
the overall incidence. Notably, after excluding the Fusco
et al study,!"¥ the association of oral vancomycin with the
overall incidence of CDI, which was initially insignifi-
cant, became statistically significant with a P value of <.05
(Table 5; Fig. 8).

3.5. Publication bias

In accordance with recommended methodological guide-
lines, formal evaluation of publication bias using Egger’s
test was not performed, as such statistical approaches are
considered unreliable in meta-analyses with fewer than 10
included studies.!'®!

www.md-journal.com

4. Discussion

To the best of our knowledge, this is the first systematic review
and meta-analysis that addresses the clinical question of the
potential association of OVP with CDI prevention specifically
in HSCT recipients. HSCT recipients are susceptible to CDI due
to iatrogenic immunosuppression, exposure to antimicrobials,
and extended hospital stays that increase the risk of exposure.!'”]
This risk is especially high during the initial hospitalization for
transplant.'® Our meta-analysis demonstrated a statistically
significant reduction in the incidence of CDI during hospital-
ization in patients receiving oral vancomycin compared with
those who received no prophylaxis. Consistent with our results,
a systematic review by Maraolo et all"! found that OVP had
a protective effect against CDI in patients undergoing systemic
antibiotic therapy. In contrast, a systematic review by Tariq et
al?! evaluated OVP for primary CDI prevention and found no
statistically significant reduction in CDI risk in patients on sys-
temic antimicrobial therapy. However, this study reported sig-
nificant heterogeneity among the included studies, which limits
the strength of the conclusions.

The rationale for OVP is primarily pharmacological and
microbiological. Unlike systemic antibiotics, oral vancomycin
acts locally within the gastrointestinal tract and produces high
fecal concentrations with minimal systemic toxicity.?% This may
be advantageous in HSCT recipients during periods of intensive
antibiotic exposure and microbiome disruption. However, the
potential benefit must be balanced against concerns regarding
microbiome effects, antimicrobial stewardship, cost, and the
theoretical risk of selecting VRE.[" Fidaxomicin is another
microbiome-sparing agent that has been evaluated for CDI

Primary outcomes evaluated in the meta-analysis effect sizes, P values, and heterogeneity across risk factors.

Outcome No. of studies Effect model MD/OR P (%) Ph Effect size (95% CI) Pvalue
CDI during hospitalization, n 4 FE OR 26 0.25 0.16 (0.08-0.32) <.00001
Incidence of CDI, n 3 RE OR 68 0.04 0.33(0.10-1.04) .06
P values < .05 are highlighted in bold.
CDI = Clostridium difficile infection, Cl = confidence interval, FE = fixed-effect, MD = mean difference, OR = odds ratio, Ph = P value of heterogeneity, RE = random-effect.
Oral Vancomycin  No Prophylaxis Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Altemeler 2021 2 100 11 100 23.2%  0.17 [0.04,0.77] —_—

Ganetsky 2018 0 80 11 55 304X 0.02[0.00,037] ——m%——

Reltmeyer 2024 1 B1 B 75 17.6% 0.10 [0.01, 0.86]

Willlams 2024 & 148 12 106 2B.8% 0.33[0.12,0.91] ——

Total (95% CI) 419 336 100.0% 0.16 [0.08, 0.32] <

Total events ] 42

Heterogenelty: ChE = 4.07, df = 3 (P = 0.25); F = 26X 5.001 0%1 ] lli) 1000:

Test for overall effect: Z = 5.03 (P < 0.00001}

Favours [experimental] Favours [control]

Figure 2. Forest plot for CDI during hospitalization in OVP versus no OVP groups. CDI = Clostridium difficile infection, Cl = confidence interval, M-H = Mantel-

Haenszel, OVP = oral vancomycin prophylaxis.

Oral Vancomycin  No Prophylaxis Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Altemeler 2021 B 100 15 100 39.1x 0.49 [0.20, 1.22] ——
Fusco 2025 1 71 31 131 195.9% 0.05[0.01,0.35] +———
Willlams 2024 12 148 14 106 41.0% 0.58 [0.26, 1.31] ——
Total (95% CI) 319 337 100.0% 0.33 [0.10, 1.04] ——el——
Total events 21 &0
Heterogenehty: Tau® = 0.66; ChP = §.30, df = 2 (P = ).04); ¥ = GBX Ih.ﬂl 0_51 ] lli) 100’

Test for overall effect: Z = 1.90 (P = 0.06)

Favours [experimental] Favours [control]

Figure 3. Forest plot for overall incidence of CDI in OVP versus no OVP groups. CDI = Clostridium difficile infection, Cl = confidence interval, M-H = Mantel-

Haenszel, OVP = oral vancomycin prophylaxis.




Amir et al. e Medicine (2026) 105:32 Medicine

prevention in HSCT recipients, but its availability and cost may
limit widespread prophylactic use.?!! Metronidazole is not pre-
ferred for prophylaxis because of systemic toxicity concerns,??!
lower efficacy for CDI treatment compared with vancomycin,?*!
and limited evidence supporting prophylactic use in this setting.

Vancomycin inhibits C difficile by adhering to the D-alanine-
D-alanine terminus of the lipid II bacterial cell wall precursor,
inhibiting cell wall synthesis and ultimately leading to bacte-

Pvalue
13
74
44
36

:’ 5g é&?g rigl death.?! The concentration of vancomycin remains suitably
Bl e hlgh. for.3 to 5 days after cqmp‘letlon of treatment to suppress
e | 888% the in vitro growth of C dzfﬁczle. Due to its limited systemic
% SS9 gbsorptlon, Qral vancomycin can reach hlgh concentrations
gl ¥22c in the gastrointestinal tract, specifically targeting C difficile in
b S the gut lumen.! Given that the risk of CDI persists even for

90 days following systemic therapy when using vancomycin
prophylaxis,?”! our investigation studied the incidence of CDI
during hospitalization and after follow-up separately. Although
the overall incidence of CDI, defined as CDI occurring during
hospitalization and within 180 days of follow-up, tended to be
lower in the OVP group, this difference did not achieve statis-
tical significance. Sensitivity analysis revealed substantial het-
erogeneity, and a leave-one-out analysis showed a significant
benefit of OVP after excluding 1 study.

The primary concern is whether oral vancomycin increases
the risk of acute GVHD, and this remains an active area of
research. In our study, there was a trend toward a higher inci-
dence of acute GVHD; however, this did not reach statistical sig-
nificance, suggesting a possible but not confirmed increased risk
of GVHD with oral vancomycin. Studies have shown that the
loss of beneficial bacteria through bacterial growth suppression
may lead to an increased acute GVHD risk.1?%*”) Another study
linked vancomycin to an increased risk of cytomegalovirus reac-
tivation after allogeneic HCTs, which subsequently is associated
with GVHD and worse transplant outcomes.?® These findings
raise questions about the safety profile of oral vancomycin
regarding GVHD risk, but future studies are needed to reach
firm conclusions.

Evidence consistently supports that oral vancomycin is also
associated with an increased risk of VRE colonization.l?>3% Only
1 of our included studies reported data on the incidence of VRE;
therefore, it was not possible to conduct statistical pooling for
VRE incidence or include it in our meta-analysis.

Other parameters of the safety profile that we assessed are
EFS at 1 year and length of hospital stay. Although the OVP
group exhibited a trend toward lower EFS at 1 year and pro-
longed hospital stay, these differences did not reach statistical
significance. Existing literature has shown that extended hos-
pital stays may be linked to hospital-acquired infections as a
result of repeated invasive procedures and extended exposure
to microorganisms. This, in turn, may increase healthcare costs
and mortality rates.'?!

The heterogeneity in CDI incidence was primarily driven by
the Fusco et al!*¥! study. Unlike other included cohorts, which
were conducted in pre-COVID-19 settings with stable infection-
control practices and without concurrent major changes in
antimicrobial prophylaxis, Fusco et all"! reflects a more con-
temporary cohort with multiple co-interventions. These include
widespread levofloxacin prophylaxis, enhanced COVID-era
infection-control measures, and modified CDI testing thresh-
olds that increased case detection. These differences likely
affected both baseline CDI risk and outcome ascertainment,
making its effect estimate less comparable with earlier studies.
The removal of this study eliminated heterogeneity (I*> = 0%),
indicating greater homogeneity among the remaining cohorts.

Beyond the outcomes synthesized in this meta-analysis, 2
clinically important domains were consistently absent from
the included studies: overall survival and health-related quality
of life. None of the studies reported mean or median overall
survival in a format suitable for pooling; the closest available
proxy was EFS at 1 year, which did not differ significantly

Ph
0.22
0.20
0.22
0.90

P (%)
34
38
34
0

MD/OR
OR
OR
OR
MD
P value of heterogeneity, SD = standard deviation.

odds ratio, Ph =

Effect model
FE
FE
FE
FE

mean difference, OR

No. of studies
3
3
3
4

Secondary outcomes evaluated in the meta-analysis effect sizes, P values, and heterogeneity across risk factors.

aGVHD = acute graft-versus-host disease, Cl = confidence interval, FE = fixed-effect, MD

Incidence of bloodstream infections, n

Event-free survival at 1 yr, n
Bold values indicate statistically significant.

Incidence of aGVHD grades 2—4, n
Length of stay, mean + SD (d)

Table 4

Outcome
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Oral Vancomycin  No Prophylaxis

Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Altemeler 2021 k1] 100 6 100 &7.9% 1.09 [0.61, 1.93]

Fusgo 2025 7 71 10 131 193X  1.32 [0.48, 3.64] ——
Rehmeyer 2024 15 B1 5 75 12.9% 3.18[1.10, 5.24]

Total (95% CI) 252 306 100.0% 1.40 [0.90, 2.19] 9

Total events &0 51
Heterogenelty: ChE = 3.02, cif = 2 (P = 0.22); F = 34%
Test for overall effect: Z = 1.50 (P = .13}

0.01 0.1 1
Favours [experimental] Favours [control]

100

Figure 4. Forest plot for incidence of aGVHD (grades 2-4) in OVP versus no OVP groups. aGVHD = acute graft-versus-host disease, Cl = confidence interval,

M-H = Mantel-Haenszel, OVP = oral vancomycin prophylaxis.

Oral Vancomycin  No Prophylaxis Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Altemeler 2021 13 100 ] 100 24.5% 1.51[0.61, 3.71] —T
Ganetsky 2018 19 80 1B 55 55.2% 0.55[0.26,1.17] —&—
Reltmeyer 2024 ] B1 7 75 20.2%  1.21 [0.43, 3.44] —_——
Total (95% CI) 271 230 100.0% 0.92 [0.56, 1.52]
Total events 41 34
Heterogenehty: ChE = 3.21, df = 2 (P = 0.20); F = 38X b o1 0:1 i llb 100#

Test for overall effect: Z = 0.33 (P = (.74}
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Figure 5. Forest plot for incidence of bloodstream infections in OVP versus no OVP groups. Cl = confidence interval, M-H = Mantel-Haenszel, OVP = oral

vancomycin prophylaxis.

Oral Vancomycin  No Prophylaxis Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Altemeler 2021 59 100 68 100 56.9% 0.68[0.38, 1.21] —r
Ganetsky 2018 41 80 21 55 20.0% 1.35[0.68, 2.69] —T
Reltmeyer 2024 4 B1 7 75 14.1%  0.50 [0.14, 1.80] —
Total (95% CI) 271 230 100.0% 0.85 [0.56, 1.28]
Total events 104

86
Heterogenehty: ChE = 3.02, df = 2 (P = 0.22); F = 34X
Test for overall effect: Z = 0.78 (P = 0.44)
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Figure 6. Forest plot for EFS at 1 year in OVP versus no OVP groups. Cl = confidence interval, M-H = Mantel-Haenszel, OVP = oral vancomycin prophylaxis.

Oral Vancomycin No Prophylaxis

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Alemeler 2021 265 141 100 256 11.2 100 1B.6X 0.00 [-2.63, 4.43]
Fusco 2025 31.46 19.68 71 31.89 21.83 131 6.6% -0.43 [-6.34, 5.48]
Reltmeyer 2024 21 &.04 B1 20 605 75 &4.1% 1.00 [-0.90, 2.90]
willlams 2024 22 1B.64 148 2267 1B.64 106 10.7X% -0.67 [-5.32, 3.98]
Total (95% CI) 400 412 100.0% 0.71[-0.81, 2.23]

Heterogenetty: ChE = .58, df = 3 (P = 0.90); F = 0%
Test for overall effect: Z = 0.91 (P = 0.36)
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Figure 7. Forest plot for length of stay in OVP versus no OVP groups. Cl = confidence interval, OVP = oral vancomycin prophylaxis, SD = standard deviation.

between groups. Future prospective trials of OVP in HSCT
recipients should prespecify both overall survival and standard-
ized quality-of-life endpoints, as their routine inclusion would
substantially strengthen the evidence base and inform more
patient-centered clinical decision-making.

This meta-analysis has several limitations. First, all included stud-
ies were retrospective cohort designs, which are inherently subject
to selection bias, recall bias, and unmeasured confounding variables.
Therefore, we can report only associations, not causal relationships.
Second, the total sample size across the 5 studies was relatively small
(n = 957), which may limit the statistical power and generalizability
of the findings. Third, due to the small number of included studies,
we did not formally assess publication bias using funnel plots or
statistical tests (e.g., Egger’s or Begg’s test). This limits our ability
to determine whether the published studies may overestimate treat-
ment effects. Fourth, we carried out a sensitivity analysis, a risk of
bias assessment, and also employed an effect model in statistical
analysis, but there might still be residual heterogeneity in results.

Fifth, the absence of randomized controlled trials limits the strength
of our evidence. Finally, none of the included studies reported mean
or median overall survival time or assessed health-related quality of
life using validated instruments such as the EuroQol Five-Dimension
Questionnaire or Functional Assessment of Cancer Therapy—Bone
Marrow Transplant. As a result, the impact of OVP on these 2 clin-
ically meaningful endpoints could not be evaluated, and the find-
ings of this review should be interpreted with this important gap in
mind. Additionally, Embase and Web of Science were not searched;
although this was partially mitigated by the use of Google Scholar
and comprehensive manual reference screening, it remains a poten-
tial limitation of the search strategy.

5. Conclusion

Our meta-analysis suggests that OVP might be associated with
a reduction in the incidence of CDI among HSCT recipients,
particularly during hospitalization. The findings indicate a
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Table 5
Leave-one-out analysis.
Outcome No. of studies Initial P (%) Initial Ph Initial P value Study removed Final P (%) Final Ph Final P value
Incidence of CDI 3 68 0.04 Fusco et all'® 0 0.79 .04
CDI = Clostridium difficile infection, Ph = P value of heterogeneity.
Oral Vancomycin  No Prophylaxis Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Alemeler 2021 B 100 15 100 47.9% 0.49[0.20, 1.22] ——

Fusco 2025 1 71 31 131 0.0%  0.05[0.01, 0.35]

Willlams 2024 12 148 14 106 52.1% 0.58[0.26, 1.31] —

Total (95% CI) 248 206 100.0%  0.54 [0.29, 0.99] -

Total events 20 29

Heterogenelty: ChE = 0.07, df = 1 (P = 0.79); F = 0X bt o1 ] 1o 00

Test for overall effect: Z = 2.01 (P = .04}

Favours [experimental] Favours [control]

Figure 8. Forest plot for overall incidence of CDI in OVP versus no OVP groups, leave-one-out analysis performed excluding Fusco et al.l'® CDI = Clostridium
difficile infection, CI = confidence interval, M-H = Mantel-Haenszel, OVP = oral vancomycin prophylaxis.

potential protective effect; however, the overall safety profile
remains less clearly defined, with no consistent evidence of
adverse outcomes. Importantly, since all included studies were
retrospective cohort analyses, we can only suggest an associa-
tion rather than establish definitive causal effects. Therefore,
the results should be interpreted with caution, given the hetero-
geneity and observational design of the available data. Future
large-scale, prospective randomized controlled trials are war-
ranted to evaluate both the efficacy and safety of OVP in this
high-risk population.
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