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Paola Zinser-Peniche? and Seth Blumberg'-

Abstract

Background Asymptomatic carriers significantly influence the transmission dynamics of C. difficile. This study aimed
to assess the prevalence of toxigenic C. difficile asymptomatic colonization (tCDAC) and investigate its heterogeneity
across different populations. We searched MEDLINE, Web of Science, and Scopus for articles published between
2000 and 2023 on tCDAC. Studies including asymptomatic adults with laboratory-confirmed tCDAC were eligible.
We performed a random-effects meta-analysis to estimate the pooled prevalence by clinical characteristics, settings,
and geographic areas. In addition, we used outlier analyses and meta-regression to explore sources of prevalence
variability.

Results Fifty-one studies involving 39,447 patients were included. The tCDAC prevalence ranged from 0.5 to

51.5%. Among pooled estimates, a high prevalence was observed in patients with cystic fibrosis, outbreak settings,
and cancer patients, whereas the lowest rates were found in healthy individuals and healthcare workers. Similar
colonization rates were observed between admitted and hospitalized patients. Our meta-regression analysis
revealed lower rates in healthy individuals and higher rates in cystic fibrosis patients and studies from North America.
Additionally, compared with that among healthy individuals, the prevalence significantly increased by 15-47% among
different populations and settings.

Conclusion Our study revealed that tCDAC is a common phenomenon. We found high prevalence estimates that
showed significant variability across populations. This heterogeneity could be partially explained by population
characteristics and settings, supporting their role in the pathogenesis and burden of this disease. This highlights the
need to identify high-risk groups to improve infection control strategies, decrease transmission dynamics, and better
understand the natural history of this disease.
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Introduction

Clostridioides difficile (CD) is an anaerobic, gram-pos-
itive, and spore-forming bacterium responsible for a
broad clinical spectrum collectively referred to as Clos-
tridioides difficile infection (CDI). Symptoms include
acute episodes of diarrhea, fever, nausea, abdominal pain,
and life-threatening complications such as colon perfora-
tion, toxic megacolon, and sepsis [1]. Despite its poten-
tial to cause symptomatic disease, C. difficile can also be
present in the gut microbiota of asymptomatic carriers
[2].

Asymptomatic carriers could play a significant role
in the transmission dynamics of C. difficile. In this con-
text, these individuals have the potential to serve as res-
ervoirs of infection, contributing to disease endemicity
and facilitating both community and nosocomial trans-
mission. This is supported by evidence of bacterial shed-
ding, environmental contamination among the colonized
population, and genetic linkage between isolates from
asymptomatic carriers and those associated with CDI-
related diarrhea [3-8]. Additionally, the asymptomatic
population poses a potential risk of progressing to symp-
tomatic disease, which would directly exacerbate the bur-
den of CDI in healthcare facilities and other settings [9].

Although estimating the burden of C. difficile asymp-
tomatic colonization (CDAC) could be relevant for
reducing and improving our understanding of C. difficile
transmission dynamics, this has not been fully character-
ized. Current evidence reveals a wide range of coloniza-
tion prevalence across different populations and settings
[10, 11]. These heterogeneous estimates complicate the
accurate assessment of the true burden of colonization,
but they also present an opportunity to improve infection
control strategies and enhance our understanding of the
factors associated with colonization, helping to address
important research gaps related to C. difficile [2].

In this work, we provide insights into C. difficile colo-
nization by conducting a systematic review and meta-
analysis to summarize and evaluate published data on
toxigenic C. difficile colonization while also exploring
heterogeneity and prevalence modifiers across different
populations and settings.

Methods

Search strategy and study selection

We conducted a search via MEDLINE, Web of Science,
and Scopus for articles published between January 2000
and December 2023. Since no universal definition for
CDAC has been accepted, we included the following key-
words to refer to this condition: (“Clostridioides difficile”
OR “Clostridium difficile”) AND (asymptomatic OR colo-
nization OR carrier) AND (prevalence). Languages were
restricted to English, Spanish, and French. Additionally,
manual screening of literature references from review
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articles was performed to retrieve articles that met the
inclusion criteria.

This review was carried out as recommended by the
Meta-analyses of Observational Studies in Epidemiology
Guidelines [12]. The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses checklist was used
to report the findings [13]. This study was registered on
the PROSPERO platform (ID CRD42021282347). Ethical
approval was not required because this study retrieved
data from previously published studies.

Screening process

Four authors independently reviewed the manuscripts
in a two-step process. First, titles and abstracts were
screened to identify eligible articles. The full text was
subsequently evaluated independently by two investiga-
tors to identify those that fulfilled the following inclusion
criteria: (a) studies included adults (> 18 years), (b) stool
polymerase chain reaction (PCR), enzyme-linked immu-
nosorbent assay (EIA), toxigenic culture, or cell cytotox-
icity assay were used for diagnosis, (c) they focused on
asymptomatic colonization, (d) studies clearly identified
the proportion of asymptomatic carriers of toxigenic
strains, and (e) observational studies and clinical trials
included at least ten subjects.

Toxigenic C. difficile asymptomatic carriers (tCDAC)
were defined as those patients in whom toxigenic C. diffi-
cile was identified by stool PCR, enzyme-linked immuno-
sorbent assay (EIA), toxigenic culture, or cell cytotoxicity
assay. Given that bacterial toxins A and B are the primary
virulence factors of C. difficile, non-toxigenic isolates
were excluded from our prevalence estimates. Addition-
ally, our analysis focused exclusively on the burden of
colonization in asymptomatic carriers with no diarrhea,
a population that is often neglected and excluded from
infection control interventions [14].

Since we expected high heterogeneity among the popu-
lations, we described and classified studies based on their
population and setting characteristics. For this purpose,
we used clinical characteristics when studies explic-
itly restricted screening to select patients with certain
comorbidities, including patients with cystic fibrosis,
cancer, inflammatory bowel disease (IBD), cirrhosis, or
those who had undergone kidney transplantation. The
healthy population was treated as another category if
studies explicitly mentioned it. Additionally, we formed
another group that included individuals at occupational
risk, such as healthcare workers.

The elderly population without identifiable comor-
bidities and residents of long-term care facilities (LTCFs)
were classified into one group. In the healthcare con-
text, studies were included in the intensive care unit
(ICU) category if the surveillance was restricted to this
hospital department. Studies that did not include a
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clearly differentiated population and could not be classi-
fied into the previous categories were grouped under the
hospital setting category if surveillance was conducted
during the hospital stay or under the hospital admission
category if surveillance was performed upon hospital
admission. Finally, we also differentiated those studies in
which the screening was performed in the context of a
hospital C. difficile outbreak.

Some studies evaluated the prevalence in two well-dif-
ferentiated groups, and we treated them as two distinct
cohorts. Thus, the number of cohorts included in our
analysis was greater than the number of studies included.
For example, one study might include a healthy group
and a group with a specific comorbidity, which would be
considered two independent cohorts within one manu-
script. Finally, we also documented the year and region of
publication to further describe the study characteristics.

Quality assessment and data collection

Two authors independently evaluated the relevance and
quality of the data using the Joanna Briggs Institute Criti-
cal Appraisal Tool [15]. A third member of the research
group adjudicated disagreements. To evaluate peer
review concordance, the kappa coefficient was calculated
for each peer review pair. Data from each included man-
uscript were extracted and summarized in a standard-
ized database, which included the author, publication
date, patient characteristics, comorbidities, and tCDAC
prevalence.

Statistical analysis

We performed random-effects meta-analyses using
the inverse variance weighting method to calculate the
pooled prevalence. Additionally, the Freeman-Tukey dou-
ble arcsine transformation was employed for the trans-
formation of proportions, and the restricted maximum
likelihood estimator was used for t> estimation [16].
Confidence intervals were estimated with the Clopper—
Pearson method. We assessed the presence of heteroge-
neity among the included studies using the Q statistic,
which evaluates the weighted sum of squared differences
between the individual study estimates and the pooled
estimator. In the context of a random-effects meta-anal-
ysis, weights are adjusted to reflect both the within-study
variance and the between-study variability (t?). The I*
statistic was subsequently calculated to quantify the pro-
portion of total variability attributable to heterogeneity,
where values of 25%, 50%, and 75% were considered low,
moderate, and high heterogeneity, respectively [17].

We expected high heterogeneity in the calculated prev-
alence estimators. However, we were interested in evalu-
ating the causes of variance in colonization prevalence;
thus, additional analyses were performed to explore
prevalence variability. We grouped the estimators by
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population characteristics and clinical settings and then
conducted a sensitivity analysis by removing studies
identified as outliers on the basis of the following criteria:
(1) the lower bound of the confidence interval was above
the upper bound of the pooled prevalence confidence
interval, or (2) the upper bound of the confidence inter-
val was below the lower bound of the pooled prevalence
confidence interval [18].

Similarly, we explored the modifiers of prevalence
using mixed effects univariate meta-regression models to
assess the impact of study characteristics on the overall
pooled prevalence from all included studies. Additionally,
we conducted a sub-analysis using healthy individuals as
the reference group to evaluate differences in prevalence
between the groups. A p value<0.05 was considered to
indicate statistical significance. All analyses were per-
formed in RStudio software (version 2024.04.2+764)
using meta (version 7.0-0) and metafor (version 4.6-0)
packages.

Results

We identified 1072 studies; 946 (88%) were duplicates
or nonrelevant at screening; 124 (12%) were reviewed
in full text, with 51 (41%) meeting the eligibility crite-
ria for inclusion [3, 5, 8, 19-66]. However, we analyzed
62 cohorts, as 7 studies compared tCDAC prevalence
between two well-distinguishable populations, and two
included three distinct populations. The identification
and selection process are described in Fig. 1. The kappa
coefficients were 0.67 and 0.69 for the first and second
pairs of reviewers, respectively.

Most of the manuscripts were point-prevalence studies
that assessed colonization using a cross-sectional test-
ing approach. Only 12 manuscripts (24%) included more
than one test per participant, performed sequentially
over time [3, 8, 24, 36, 37, 42, 54-56, 58, 60, 62]. How-
ever, the follow-up was inconsistent, ranging from weekly
evaluations during hospitalization to repeated testing at
discharge. Thus, the amount of transient vs. sustained
colonization could not be determined.

In terms of geographic region, 19 (37%) studies were
conducted in North America, 18 (35%) in Europe, 10
(20%) in Asia, 3 (6%) in Australia, and 1 (2%) in Africa.
According to the publication years, only 2 (4%) manu-
scripts were published during the decade from 2000 to
2009. In contrast, 37 (72%) studies were published from
2010 to 2019, and 12 (24%) were reported from 2020 to
2023. The year with the highest number of published
manuscripts was 2016, with 9 studies, followed by 2017,
with 7 studies.

Based on individuals’ characteristics, six (12%) studies
included patients with cancer (Study ID 39, 29, 42, 30.2,
35, 33), two (4%) included patients with cystic fibro-
sis (Study ID 5.2, 49), and one included patients with
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Identification of studies via databases and manual search of bibliography
Records identified from:
- Databases (n= 1072) Recorqs removed before
° screening:
= Scopus (n=460) .
hi . Duplicate records removed
= Medline (n= 188) > B
€ Web of Science (n=413) i
L © ¢ Records marked as ineligible
- Manual search o by automation tools (n= 0)
bibliography (n=11)
Records screened Records excluded
——
(n=672) (n= 546)
. I
[= Reports sought for retrieval Reports not retrieved
o EE—
o (n=126) (n=2)
7]
’ I
Reports assessed for eligibility . Reports excluded (n=73)
(n=124) Inadequate study
N population (n=39)
l Inappropriate diagnostic
- Studies included in review method (n=14)
3 (n=51) Does not report
: =
S Cohorts included in review® prevalence (n=20)
=
— (n=62)

Fig. 1 Flowchart for inclusion in this systematic review. °Nine studies reported tCDAC prevalence in two or three well-differentiated populations, result-

ing in a total of 62 cohorts included in the subsequent analyses

cirrhosis (2%) (Study ID 48), kidney transplant recipients
(2%) (Study ID 46), or patients with IBD (2%) (Study ID
6.2). In the latter group, it is important to note that IBD
symptoms could potentially overlap with and complicate
the differentiation from CDI cases.

Five (10%) studies included healthy individuals (Study
ID 3, 5, 20, 7, 6), including one with healthy pregnant
women (Study ID 7.2). Regarding occupational risk,

two (4%) studies involved healthcare workers (Study ID
20.2, 28). Details of the individual studies are provided in
Table 1.

Thirteen studies (25%) reported prevalence rates in the
geriatric population or LTCFs (Study IDs: 50, 11, 40, 27.2,
24, 45, 12, 32, 8, 4, 2, 22.3, 16.2), and seven studies (14%)
focused on the intensive care unit (Study IDs: 47, 26, 21,
23, 18, 22.2, 16.3). Manuscripts that did not represent
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Table 1 Characteristics of identified studies evaluating toxigenic C. difficile colonization from 2000 to 2023

Study Autor Year Region Population / Context N Cases tCDAC
ID Prevalence
1 Bruijnesteijn etal. 2015 Europe Individuals seeking general practitioner consultation. 873 4 0.5%
2 Schoevaerdts 2011  Europe Older adults hospitalized in a geriatric care unit 336 2 0.6%
etal.
3 Dong et al. 2018 Asia Healthy volunteers from different communities in Shanghai 1709 12 0.7%
4 Stuart at al. 2011 Australia Older adults in three residential care facilities. 119 1 0.8%
5 Burke et al. 2017 Europe Healthy individuals 99 1 1.0%
6 Clayton et al. 2012  Europe Healthy individuals. 88 1 1.1%
7 Yeetal. 2016  Asia Healthy non-pregnant women 651 9 1.4%
7.2 Ye et al. 2016 Asia Healthy pregnant women. 1009 15 1.5%
8 Septemberetal. 2019 Africa Residents living in a long-term care facility 119 2 1.7%
9 Meijs et al. 2022 Europe Veterinary care workers. 482 8 1.7%
10 Skjot-Arkil et al. 2023  Europe Patients attending emergency departments 5019 89 1.8%
11 Leitner et al. 2020 Europe Residents of four long-term care facilities 144 3 2.1%
12 Pires et al. 2016  Europe Patients admitted to acute-care wards at a geriatric hospital. 95 2 2.1%
13 Rabold et al. 2018 Europe Owners of small companion animals. 578 14 2.4%
14 Kong et al. 2015 North America  Patients screened at admission to six hospitals. 5232 150 2.9%
15 Crobach et al. 2023  Europe Patients admitted to hospitalization 2211 68 3.1%
16 Jolivet et al. 2022  Europe Medical, surgery and motherhood hospital wards. 1489 46 3.1%
17 Linsenmeyer etal. 2018 North America  Screening during an outbreak in a healthcare facility. 773 24 3.1%
18 Tschudin-Sutter 2015 North America  Patients admitted to the intensive care unit 542 17 3.1%
etal.
16.2 Jolivet et al. 2022 Europe Long-term care facilities. 390 13 3.3%
19 Meltzer et al. 2019 Asia All medical patients admitted to the hospital. 2358 81 3.4%
20 Tian et al. 2016  Asia Healthy adult aged 23-60 years. 1654 60 3.6%
202  Tianetal. 2016  Asia Healthcare workers aged 28-80 years. 348 13 3.7%
21 Zhang et al. 2016  Asia Adult patients admitted to the intensive care unit. 231 10 4.3%
22 Le Monnieretal. 2022 Europe Inpatients in medical, surgical, and hematology/transplant wards. 367 16 4.4%
6.2 Clayton et al. 2012  Europe Outpatients with irritable bowel disease 87 4 4.6%
16.3 Jolivet et al. 2022 Europe Patients in the intensive care unit. 129 6 4.7%
23 Guerrero et al. 2013 North America  Patients in the intensive care unit. 21 1 4.8%
24 Giufré et al. 2017  Europe Older residents of long-term care facilities. 409 20 4.9%
25 Furuya-Kanamori 2017 Australia Patients admitted to medical, surgical, or intensive care units 1380 76 5.5%
etal. (median hospital stay of 5 days since admission).
222 Le Monnieretal. 2022 Europe Inpatients in intensive care wards. 127 9 7.1%
223 Le Monnieretal. 2022 Europe Inpatients in the geriatric/long-term care unit. 227 17 7.5%
26 Worley et al. 2021 North America  Patients in the intensive care unit. 1897 143 7.5%
27 Baron et al. 2020 North America  Patients admitted to an academic medical center. 52 4 7.7%
28 Stojanovi¢etal. 2012  Europe Medical and paramedical staff at a clinical facility. 63 5 7.9%
29 Cannon et al. 2017 North America  Patients admitted to the hospital’s bone marrow transplant unit 322 30 9.3%
for care.
30 Munoz-Price etal. 2020 North America  Patients admitted to a teaching-affiliated hospital. 2065 194 9.4%
31 Hung et al. 2012 Asia Adults admitted to the medical wards of a regional hospital. 168 16 9.5%
32 Ryan et al. 2010 Europe Older adults at a continuous care institution 100 10 10.0%
272 Baron et al. 2020 North America  Patients admitted to an academic medical center from nursing 168 17 10.1%
facilities.
33 Bruminhentetal. 2014 North America  Adults admitted for hematopoietic stem cell transplantation 150 16 10.7%
34 Arvand et al. 2018 Europe Adult patients from five rehabilitation clinics. 305 34 11.2%
35 Jain et al. 2016 North America  Recipients of hematopoietic stem cell transplants at a cancer 150 18 12.0%
center.
30.2 Mufoz-Price etal. 2020 North America  Patients admitted to the Hematology-Oncology unit 978 124 12.7%
36 Kundrapu et al. 2016 North America  Inpatients from seven hospital wards. 250 32 12.8%
37 Paquet-Bolduc 2018 North America  All patients present in outbreak wards from two academic 114 15 13.2%

etal. hospitals.
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Study Autor Year Region Population / Context N Cases tCDAC
ID Prevalence
38 Hung et al. 2013 Asia Adults admitted to the medical wards of a district hospital. 441 58 13.2%
232 Guerrero et al. 2013 North America  Hospitalized adult patients in the spinal cord injury unit or in 128 17 13.3%
medical or surgical wards.
39 Vaughn et al. 2018 North America  Patients admitted for scheduled chemotherapy or stem cell 101 14 13.9%
transplantation.
40 Halstead et al. 2019  Europe Older residents of intermediate care facilities. 151 22 14.6%
41 Alasmari et al. 2014 North America  Newly admitted patients to general medical and surgical services 259 40 15.4%
42 Zheng et al. 2017  Asia Patients with colorectal cancer in the preoperative stage 205 32 15.6%
43 Dubberke et al. 2015 North America  Adults admitted to general medical or surgical wards in a tertiary 235 37 15.7%
care hospital
44 Marciniak et al. 2006 North America  Patients admitted to two inpatient acute rehabilitation units for 54 9 16.7%
care.
45 Nissle et al. 2016  Europe Patients admitted to a geriatric unit. 255 43 16.9%
46 Westblade etal. 2019 North America  Kidney transplant recipients in the first 10 days post-transplant. 142 24 16.9%
47 Mi et al. 2020 Asia Patients admitted to the intensive care unit. 531 93 17.5%
48 Yan et al. 2017  Asia Patients hospitalized with a diagnosis of hepatic cirrhosis 526 104 19.8%
49 Taietal. 2021 Australia Patients living with cystic fibrosis 46 14 30.4%
52 Burke et al. 2017  Europe Adult patients with cystic fibrosis who were pre-lung transplant. 60 19 31.7%
50 Haran et al. 2021 North America  Older adults living in nursing homes 167 78 46.7%
51 Riggs et al. 2007 North America  Residents of a long-term care facility during an outbreak 68 35 51.5%

one identifiable characteristic or comorbidity were clas-
sified as either hospitalized individuals if the screening
was performed during the hospital stay (Study IDs: 36,
23.2, 25, 34, 22, 16) or as hospital admission if the screen-
ing occurred at admission or during the early period of
hospitalization (Study IDs: 19, 27, 14, 41, 44, 30, 15, 43,
31, 38). In four (8%) manuscripts, patients could not be
classified into the mentioned groups: two involved veteri-
narians or community individuals with close contact with
small companion animals (Study IDs: 13, 9), one included
community patients attending to their general practi-
tioners (Study IDs: 1), and the other included patients
presenting at the emergency departments of eight insti-
tutions (Study IDs: 10). Finally, in three (6%) manuscripts
(Study IDs: 37, 17, 51), screening was conducted in the
context of an outbreak.

Prevalence of asymptomatic colonization by toxigenic C.
difficile

Among the 51 studies involving 39,447 patients, 2,091
C. difficile asymptomatic carriers were documented. The
prevalence of C. difficile colonization varied widely across
cohorts, ranging from 0.5 to 51%. Individual study preva-
lence rates and 95% confidence intervals for the included
cohorts are depicted in Supplementary Fig. 1.

Our global meta-analysis estimated an overall preva-
lence of 7.6% (95% CI: 5.7-9.7%). However, a signifi-
cant degree of heterogeneity was observed (I* = 96%, Q
statistic=1684, p<0.001). Although this heterogeneity
decreased, it remained high even after the sensitivity
analysis for outliers (I* = 73%, Q statistic=99, p <0.001).

To address the heterogeneity in our estimation, we
performed a subgroup analysis and conducted 9 sepa-
rate meta-analyses based on population characteristics
and settings. A complete description of the prevalence
estimators and sensitivity outlier analyses is provided in
Table 2. Forest plots for subgroup meta-analyses are pre-
sented in Supplementary Figs. 2—10.

Among the pooled estimations, the populations with
the highest tCDAC prevalences were patients with cystic
fibrosis (31.1%; 95% CI: 22.6—40.4; I’= 0%), studies con-
ducted during outbreaks (18.5%; 95% CI: 0.5-52.1; I*=
98%), and patients with cancer (12.1%; 95% CI: 10.5-13.9;
I’= 10%). In contrast, healthy individuals (1.5%; 95% CL:
0.7-2.6, I’= 87%) and healthcare workers (4.9%; 95% CI:
0.2-9.7; I’= 53%) showed the lowest colonization rates.
Additionally, patients with cirrhosis (19.8%; 95% CI:
16.5-23.3) and kidney transplant recipients (16.9%; 95%
CI: 11.2-23.6) also exhibited high prevalence rates of col-
onization. However, these values were derived from indi-
vidual studies.

With respect to the healthcare setting, we did not
observe differences in prevalence rates among patients
at admission (8.6%; 95% CI: 5.3-12.5; I’= 97%), in the
ICU (6.6%; 95% CI: 3.5-10.6; I>= 92%), or in hospitalized
individuals (7.6%; 95% CL: 4.3-11.6; I>= 92%). Although
heterogeneity decreased in all estimates after the sensi-
tivity outlier analysis, it remained high for most of them
(Table 2).

Thirty-four (67%) manuscripts provided some infor-
mation on prior antibiotic use in the tested populations.
Among those with available data, prior antimicrobial
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Table 2 Toxigenic clostridioides difficile asymptomatic carrier pooled prevalence based on study level characteristics

Population Cohorts Sample  tCDAC Pooled Prevalence 12 Sensitivity Analysis
Excluded  tCDAC Pooled Prevalence I
Studies©
All studies 62 39,447 761(5.7,9.7] 96% 31 8.21[6.9;9.6] 73%
Clinical characteristic
Healthy population 6 5210 1.5[0.7; 2.6] 87% 1 0.9105;1.6] 20%
Cystic fibrosis 2 106 31.1[22.6;404] 0% - - -
Cancer population 6 1,906 12.1[10.5;13.9] 10% - - -
Healthcare workers 2 411 4910.2;9.7] 53% - - -
Cirrhosis 1 526 19.8[16.5; 23.3] - - - -
Kidney transplant recipients 1 142 16.9[11.2;23.6] - - -
Irritable bowel syndrome 1 87 461[1.0;10.2] - - - -
Clinical settings
LTCF /Elderly population® 13 2,680 7.1[28;13.1] 96% 2 591(3.2,9.3] 88%
ICU patients 7 3,478 6.6 [3.5;10.6] 92% 1 50[3.3;7.1] 73%
Hospital setting 6 3919 7.614.3;11.6] 92% 1 8.8[5.3;13.0] 88%
Hospital admission 10 13,075 8.6[5.3;125] 97% 3 12.2[9.8;14.9] 70%
Outbreak 3 955 18.5[0.5;52.1] 98% - - -

(a) Most studies included patients over 65 years, although the mean age varied; (b) I quantifies the proportion of variability in effect estimates across studies that is
attributable to heterogeneity; (c) Manuscripts were excluded during the sensitivity outlier analysis. Abbreviations: tCDAC: Toxigenic C. difficile asymptomatic carrier,

LTCF: Long-term care facility, ICU: Intensive care unit

exposure ranged from 13 to 96%, with particularly high
levels observed in post-transplant patients [50, 54],
patients with cystic fibrosis [33], and patients admitted to
intensive care units [25].

Although antibiotic exposure information was avail-
able for most studies, its definition varied widely across
manuscripts. Authors used timeframes ranging from one
to six months to define prior antibiotic exposure. More-
over, some studies reported general antibiotic use with-
out specifying types, while others detailed individual use
of specific antibiotic classes. Additionally, some manu-
scripts did not stratify overall use by age or by the sub-
populations evaluated, making it challenging to derive
prior exposure for certain cohorts included in our review.
Due to the lack of granularity, we were unable to explic-
itly include antibiotic exposure in our meta-regression
model.

Meta-regression to identify modifiers of tCDAC prevalence
estimates

The subanalysis of specific populations, settings, or loca-
tions did not completely address study heterogeneity.
Since each study had a combination of factors that could
contribute to disease prevalence, we assessed whether
meta-regression analysis could explain more of the het-
erogeneity in tCDAD prevalence (Table 3). Among all
included populations, we found that the healthy popu-
lation had a significantly lower colonization preva-
lence (coefficient: -0.17, 95% CI: -0.29; -0.06; p =0.004),
whereas those with cystic fibrosis had higher coloniza-
tion rates (coefficient: 0.32, 95% CI: 0.11; 0.53; p =0.003).
Publications from North America reported significantly

higher colonization rates (coefficient: 0.13, 95% CI:
0.06; 0.20; p<0.001), whereas those published in Europe
reported lower colonization rates (coefficient: -0.09, 95%
CI: -0.16; -0.02; p=0.013). We did not find differences in
colonization rates based on publication date (coefficient:
-0.005, 95% CI: -0.01; 0.005; p = 0.293).

Additionally, compared with the healthy group, certain
populations or settings had a significantly greater disease
burden. Those with the most pronounced differences
were patients with cystic fibrosis (47%; 95% CI: 25—68%,
p<0.001), outbreak settings (30%; 95% CI: 13-48%,
p<0.001), and patients with cancer (23%; 95% CI: 9-37%,
p=0.001). Similarly, patients with cirrhosis (33%; 95%
CIL: 8-59%, p=0.011) and those with kidney transplants
(30%; 95% CI: 3-56%, p=0.029) had significantly higher
prevalence rates than healthy individuals. However, these
prevalences were obtained from individual studies. No
differences were found between healthy individuals and
healthcare workers (11%; 95% CIL: -9-32%, p=0.272) or
patients with inflammatory bowel disease (10%; 95% CI:
-18-37%, p=0.481). Additional population comparisons
are presented in Table 4.

Discussion
In this study, we performed a systematic review and
meta-analysis to assess the prevalence of tCDAC and
conducted meta-regression analyses to explore possible
causes of prevalence heterogeneity among the published
literature.

Other studies have been published regarding the
prevalence of asymptomatic carriers. For example,
Ziakas et al. and Zacharioudakis et al. reported, in their
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Table 3 Meta-regression results relating study characteristics to asymptomatic carrier prevalence among all included studies

Population characteristics or setting (n) Coefficient 95% ClI p value
Inferior Superior

Healthy population (n=6) -0.17 -0.29 -0.06 0.004
Cancer population (n=6) 0.08 -0.04 0.21 0177
Cystic Fibrosis (n=2) 032 0.11 0.53 0.003
Inflammatory bowel disease (n=1) -0.06 -0.36 0.25 0.712
Cirrhosis (n=1) 0.18 -0.10 047 0214
Kidney transplant (n=1) 0.14 -0.15 0.44 0.335
Hospital setting — hospitalized patients (n=6) 0.0001 -0.12 0.12 0.999
Hospital setting — patients at admission (n=10) 0.02 -0.08 0.12 0.638
Hospital setting — health care workers (n=2) -0.04 -0.26 017 0.704
Intensive Care Unit (n=7) -0.02 -0.14 0.10 0.760
Long-term care facilities/Elderly population (n=13) -0.01 -0.10 0.08 0813
Outbreak (n=3) 0.16 -0.01 033 0.068
Geographic Region

North America (n=19) 0.13 0.06 0.20 <0.001
Australia (n=3) 0.01 -0.16 0.19 0.870
Asia (n=10) -0.03 -0.12 0.06 0494
Europe (n=18) -0.09 -0.16 -0.02 0.013
Africa (n=1) -0.14 -044 0.15 0.348
Publication year -0.005 -0.01 0.005 0.293

Univariate meta-regressions were performed to adjust for the effect of study-level covariates on the overall prevalence estimation. Coefficients indicate the change
in prevalence associated with each predictor. Positive coefficients denote a higher prevalence in the group, whereas negative coefficients denote a lower prevalence.

Significance was assessed via confidence intervals (Cls) and p-values
Abbreviations: LTCF: Long-term care facility; ICU: intensive care unit

Table 4 Meta-regression comparing Clostridioides difficile asymptomatic carrier prevalence of specific populations versus healthy

group
Population characteristics (n) Coefficient 95% ClI p value
Inferior Superior
Healthy population (n=6) Reference
Cystic Fibrosis (n=2) 047 0.25 0.68 <0.001
Outbreak (n=3) 0.30 0.13 048 <0.001
Cancer population (n=6) 0.23 0.09 037 0.001
Hospital setting — patients at admission (n=10) 0.17 0.05 0.30 0.006
Hospital setting — hospitalized patients (n=6) 0.15 0.02 0.29 0.029
Long-term care facilities/Elderly population (n=13) 0.15 0.03 0.27 0.017
Intensive Care Unit (n=7) 0.14 0.003 0.28 0.046
Hospital setting — health care workers (n=2) 0.1 -0.09 0.32 0.272
Cirrhosis (n=1) 0.33 0.08 0.59 0.011
Kidney transplant (n=1) 030 0.03 0.56 0.029
Inflammatory bowel disease (n=1) 0.10 -0.18 037 0481
*Another setting (n=4) -0.005 -0.16 0.15 0.953

Meta-regression was performed with the healthy population as the reference group. Model R?=31%; test of moderators: (QM=37, p<0.001). *Two studies of
veterinarians or community individuals with close contact with small companion animals, one with patients attending their general practitioners and one with

patients presenting at the emergency departments, are included

meta-analyses, a tCDAC pooled prevalence of 14.8%
(95% CI: 7.6-24.0%) in long-term care facility residents
and 8.1% (95% CI: 5.7-11.1%) for patients at hospi-
tal admission [10, 11]. Additionally, previous research
focused on pediatric populations estimated a prevalence
of 41% (95% CI: 32-50%) in children aged 6 to 12 months,
which decreased to 12% (95% CI: 7-18%) among children
aged 5 to 18 years [67].

Our study extends this work, as it is one of the few that
examines tCDAC prevalence across different populations
and settings. While our review estimated a prevalence
similar to that previously reported for the adult popu-
lation [10, 11], this estimate should be interpreted cau-
tiously because of the significant heterogeneity observed
across studies. This variability was expected, as specific
population characteristics could influence susceptibility
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to colonization. Therefore, one of our primary objec-
tives was to explore these differences through subgroup
and meta-regression analyses to identify the sources of
heterogeneity.

After our subgroup analysis, we identified varia-
tions in prevalence among different groups, particularly
high prevalence rates among the oncologic population,
patients with cystic fibrosis, the outbreak setting, and
LTCEF residents. Although other populations, such as cir-
rhosis patients and patients with kidney transplants, also
presented high prevalence rates, these estimations were
based on individual studies. As expected, the group with
the lowest tCDAC prevalence was the healthy popula-
tion. In the meta-regression analysis, we determined that
patients with cystic fibrosis had prevalences that signifi-
cantly differed from the overall prevalence estimate. In
addition, when comparing subgroups with the healthy
population, we found that the prevalence significantly
increased by 15 to 47% among specific groups and set-
tings (Table 4).

Some of the differences observed among particular
subgroups could be influenced by the pathophysiology
of the disease and specific exposures that condition dif-
ferent degrees of vulnerability to high colonization rates
[48]. For example, patients with cystic fibrosis experience
microbiome disturbances due to the high use of antibiot-
ics, as well as pH and mucus disturbances in the gastro-
intestinal tract driven by cystic fibrosis transmembrane
conductance regulator dysfunction [68, 69]. Patients with
cancer are exposed to cytotoxic therapies that may alter
the immunological response associated with colonization
pathogenesis. In addition, both of these populations have
a high prevalence of risk factors previously associated
with C. difficile acquisition, such as prior hospitalizations
(OR: 2.18; 95% CI: 1.86-2.56; p <0.001), gastric acid sup-
pression therapy (OR: 1.42; 95% CI: 1.17-1.73; p<0.001),
tube feeding (OR: 2.02; 95% CI: 1.06—3.85; p =0.030), and
steroid use (OR: 1.58; 95% CI: 1.14-2.17; p =0.006) [70].

Antibiotic use plays a critical role in the pathophysiol-
ogy of C. difficile and may contribute to high colonization
rate [71]. In this review, although granular data regarding
antimicrobial use was not widely available and the defi-
nitions of prior exposure were not standardized, overall
antibiotic exposure was highly prevalent in some popula-
tions with high colonization rates, such as patients with
cystic fibrosis [33] and post-transplant individuals with
solid organ [50] or hematological malignancies [54]. This
likely contributes to colonization susceptibility due to
microbiome disruption caused by antimicrobial agents
[71].

Older patients have a greater prevalence of comor-
bidities and more exposure to medical treatments, which
could potentially increase the risk of tCDAC and CDI
[72]. It is common for this population to live in LTCFs,
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which may confer higher CDAC risk because of close
coexistence in communal housing settings [72, 73].
However, in addition to these examples, the synergistic
interaction of multiple factors may be the reason for the
higher colonization rates than any individual factor [7,
24].

Although HCWs are generally healthy, they are at
increased risk of acquiring tCDAC due to occupational
exposure. While the prevalence of colonization was
greater among HCWs than among the healthy popula-
tion, this difference was not statistically significant.

Colonization at admission did not differ from that
observed in hospitalized patients and those in the ICU,
which is relevant for several reasons. For example,
asymptomatic carriers admitted to the hospital could
play a significant role in transmission dynamics, poten-
tially serving as reservoirs of infection and contribut-
ing to the endemic persistence of the pathogen within
healthcare settings. These carriers could directly increase
the CDI burden if they progress to symptomatic disease
[74]. On the other hand, there is a risk of overdiagno-
sis, as colonized individuals may develop diarrhea from
causes unrelated to CDI. In this context, relying solely
on the presence of the bacteria to diagnose CDI could
lead to unnecessary antibiotic use, which may negatively
impact patients and contribute to antimicrobial resis-
tance in healthcare environments [75].

Understanding the differences and conditions that con-
tribute to varying levels of colonization burden could
improve infection control interventions. Additionally,
prospective follow-up of colonized individuals could pro-
vide valuable insights into the natural history of the dis-
ease, helping to identify patients at risk of progressing to
symptomatic disease who may benefit from prophylactic
treatment or decolonization strategies [2, 11, 76]. A more
nuanced understanding of the epidemiology of asymp-
tomatic carriers may also help resolve the controversy
regarding the ability to distinguish between colonization
and symptomatic C. difficile infection [2].

Although this work primarily focuses on the preva-
lence of asymptomatic carriers, a population that poten-
tially facilitates C. difficile transmission dynamics within
healthcare settings, we acknowledge that in non-health-
care contexts, such as the community, other C. difficile
sources may also be relevant, including the burden of col-
onization in non-human reservoirs such as animals, food,
and environment [77-79].

Previous studies have emphasized the high prevalence
of toxigenic C. difficile in livestock, particularly in poultry
(0-100%), pigs (0-96%), horses (4—33%), cattle (2—-22%),
sheep (0-18%), and goats (0—10%), as well as in compan-
ion animals such as cats (4—16%) and dogs (0-100%) [79].
Similarly, despite variability, spores have been detected in
seafood (49-75%), meat (0-6%), and vegetables (3—5%)
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[79]. Interestingly, a significant number of ribotypes
identified in these sources correspond to those observed
in humans [77, 79].

In the environment, a collection of 7,857 samples from
10 countries across the Americas, Europe, and Asia
documented a global prevalence of C. difficile as high as
25%, with small variation among healthcare (23%), non-
healthcare (23%), and outdoor spaces (25%) [78]. The
ribotypes identified in these settings were largely simi-
lar, highlighting potential uniformity in how C. difficile
spreads in these environments [78].

Our study has several limitations. Some prevalence
estimates included a wide range of diverse populations,
which may have introduced bias. Additionally, most stud-
ies have relied on cross-sectional samples from single
hospitals or locations over relatively short time frames,
which may not accurately reflect the natural spatial-tem-
poral variation in colonization. Moreover, asymptomatic
status was assessed at a single point in time, meaning that
progression to symptomatic disease was not considered.
As a result, it is possible that we did not identify long-
term colonized individuals, and some of them may have
been in the incubation period of the disease, potentially
being identified later as symptomatic cases. However, the
lack of follow-up data does not modify the potential role
of colonized individuals in transmission dynamics. While
this limitation affects estimates of the duration of infec-
tiousness, it does not alter their potential capacity to shed
bacteria during the testing period.

Conclusion

C. difficile asymptomatic colonization is a common phe-
nomenon. In this study, we found that the prevalence of
asymptomatic colonization by toxigenic C. difficile varied
substantially among different populations. This hetero-
geneity could be partially explained by population char-
acteristics and settings, supporting the significant role
that individual and environmental characteristics play
in the pathogenesis of this disease. Identifying groups
with high colonization rates is crucial for several reasons,
including a better understanding of C. difficile transmis-
sion dynamics, the natural history of the disease, and the
improved implementation of infection control strategies.
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