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Abstract

Clostridiodes difficile’s epidemiology has evolved over the past decades, being recognized as an
important cause of disease in the community setting. Even so, there has been heterogeneity in the
reports of CA-CDI. Therefore, the aim of this study was to assess the epidemiologic profile of
CA-CDL

This systematic review and meta-analysis were conducted according to PRISMA checklist and
Cochrane guidelines (CRD42023451134). Literature search was performed by an experienced
librarian from inception to April 2023, searching in databases like MEDLINE, Scopus, Web of
Science, EMBASE, CCRCC, CDSR, and ClinicalTrials. Observational studies that reported
prevalence, incidence of CA-CD], or indicators to calculate them were included. Pool analysis
was performed using a binomial-normal model via the generalized linear mixed model.
Subgroup analysis and publication bias were also explored. A total of 49 articles were included,
obtaining a prevalence of 5% (95% CI 3-8) and an incidence of 7.53 patients (95% CI 4.45-12.74)
per 100,000 person-years.

In conclusion, this meta-analysis underscores that among the included studies, the prevalence of
CA-CDI stands at 5%, with an incidence rate of 7.3 cases per 100,000 person-years. Noteworthy
risk factors identified include prior antibiotic exposure and age.

Introduction

Community-acquired Clostridioides difficile infection (CA-CDI) was first described in 1980.
[1] In the past, it was thought that C. difficile was an exclusively hospital-acquired pathogen,
but it is now recognized as an important cause of diarrhea in the community setting. CA-CDI
can be defined, as per the Center for Disease Control and Prevention (CDC), as an onset of
symptoms in the community or < 48 h after admission to a healthcare institution, provided that
the time of symptom onset was greater than 12 weeks after the last discharge from a healthcare
institution. [2]

The epidemiology of C. difficile has evolved in the past decades, highlighting an increased
transmission of CDI in community settings. [3, 4] The infection’s severity ranges from an
asymptomatic colonization, mild to severe diarrhea, to life-threatening inflammation to the
colon like a fulminant colitis that can lead to death. [5, 6] Approximately around 40% of patients
with CA-CDI require hospitalization, 20% experience treatment failure, and about 28% have
recurrent episodes. [7] Furthermore, CDI has a case-fatality rate of up to 14% within 30 days after
diagnosis, with recurrences that can increase illness rates and decrease quality of life; still,
morbidity and mortality could be determined by the changing virulence of the pathogen. [8-10]

CDI not only burdens patients and healthcare workers, but its impact is also noticeable in
healthcare costs. CDI may have resulted in as much as $4.8 billion in excess healthcare costs in
acute-care facilities during 2008. [11] Even so, CDI in the community might be underdiagnosed
so the true burden of the disease might be greater than the ones reported by studies. [12] Still, a
full appreciation of the burden that CDI has on the healthcare system is necessary for adequate
resource allocation.

Even with the burden CA-CDI represents to the healthcare system, there has been consid-
erable heterogeneity in the incidence and prevalence reports. Some studies state that there is a
decline in cases of CA-CDI [13], while others point towards an increase of cases. [14, 15]
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Regardless, some studies that report either outcome compare the
prevalence of CA-CDI to hospital acquired CDI (HA-CDI), yield-
ing an inaccurate estimate of CA-CDI in the general population.
Due to the heterogeneity of the reports and due to the increasing
burden that CA-CDI cases are contributing to healthcare, the
following systematic review and meta-analysis were developed,
with the objective of assessing the epidemiologic profile of
community-acquired C. difficile.

Methods

This systematic review and meta-analysis were conducted accord-
ing to the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) checklist and the guidelines from the
Cochrane Handbook for Systematic Reviews of Interventions
(Supplementary material I). This study was registered in the Inter-
national Prospective Register of Systematic Reviews (PROSPERO)
with the registration number CRD42023451134.

Databases and search strategy

A comprehensive literature search was performed by an experi-
enced librarian with the collaboration of the research team from
inception up to April 2023. The search was conducted in multiple
electronic databases including MEDLINE, Scopus, Web of Science,
EMBASE, the Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, and Clinical trials.gov.
The search included Medical Subject Headings (MeSH) terms as
well as specific keywords related to the research question. A tailored
search strategy was done in each database, with a combination of
terms such as C. difficile, community acquired, prevalence, inci-
dence, epidemiology. The following is the search strategy used for
Web of Science: TS = (((("Clostridioides difficile" OR “Clostridium
difficile” OR “Clostridium difficilis” OR “Peptoclostridium difficile”
OR “Bacillus difficilis” OR “CA-CDI”) AND ("Community
acquired” OR “community acquired infection” OR “community
acquired disease” OR “community associated disease” OR “com-
munity associated infection” OR “Community-associated” OR
“Community-acquired” OR community)) AND (prevalence OR
“prevalence study” OR “incidence” OR “incidence rate” OR “rate,
incidence” OR “epidemiology”))). The full tailored search for each
database can be found in Supplementary material II.

Searching and eligibility of studies

Retrieved articles were exported to EndNote reference software
version 9 citation manager where they were deduplicated using
the native deduplication function within the software, followed by
manual review.

The studies that remained were imported into a systematic
review software (Distiller SR), where the studies were screened in
two phases: the title and abstract phase and the full-text phase.
Articles included in both phases were evaluated independently by
two reviewers. Studies included by at least one reviewer in the
abstract screening phase were considered for full-text screening;
this was done to increase sensibility in the included records.

During the full-text screening, agreement of inclusion between
both reviewers was required for the study to be selected. Disagree-
ments at any phase were resolved by consensus. Furthermore,
before each phase, a pilot study was conducted to ensure inter-
rater agreement by Kappa statistic. A Kappa statistic of >0.70 was
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set as an appropriate inter-rater agreement. The data extracted
included the year of publication, country where the study was
conducted, CA-CDI definition used by the authors, the number
of samples processed, the diagnostic tool used, age groups included,
population used to estimate incidence, CA-CDI cases reported,
time frame, and risk factors reported by the authors.

Eligibility criteria

Due to the nature of the outcome (prevalence and incidence), only
published and unpublished cross-sectional or observational studies
were considered for inclusion. The study population will be any
primary study that reports the epidemiologic profile of C. difficile,
specifically prevalence or incidence rates. If the studies do not
report these indicators explicitly, they can be included if they
provide other indicators that can be used to calculate prevalence
or incidence rates.

Outcome measurement of the study

The two main quantitative outcomes were the prevalence and
incidence of CA-CD], along with assessing qualitatively the factors
associated with CA-CDI. The prevalence of CA-CDI was defined as
the percentage of CA-CDI cases from a population of patients
presenting diarrhea. Prevalence was extracted either as reported
by the authors or the required information was calculated by the
research team in the extraction sheet. Incidence was defined as the
rate of new cases of CA-CDI over a specified time for the population
atrisk. Incidence was extracted as reported or calculated by dividing
the new cases of CA-CDI reported by the result of multiplying the
population at risk and the timeframe of the study in years. [16]
Factors associated with CA-CDI were extracted as reported.

Quality assessment

Two authors independently assessed the quality of the studies
included. Depending on the study design, AXIS or New-Castle
Ottawa (NOS) tools were used for cross-sectional and cohort or
case-control studies respectively. [17, 18] For studies evaluated with
AXIS, a predefined score of 17 of 20 for high-quality studies was set
by the research team. On the other hand, for studies evaluated with
New-Castle Ottawa, a predefined rating between 0-2, 3-5, and 6-9
was established as poor, fair, and good/high quality, respectively.

Data processing and analysis

All the extracted data were recorded in a Microsoft Excel spread-
sheet and cleaned for analysis. Heterogeneity in the data was
expected; therefore, a random effects model was established as
the primary model for the analysis a priori. We estimated the
prevalence of CA-CDI in using a binomial — normal model for
meta-analysis of prevalence via the generalized linear mixed model.
[19] CA-CDI prevalence was reported as binomial proportion with
95% confidence intervals (CIs). CA-CDI incidence was also esti-
mated with a generalized linear mixed model with summary find-
ings being reported as CA-CDI cases per 100,000 person-years with
95% Cls. Statistical heterogeneity was tested using Cochran’s Q test
and I* index with its corresponding p-value. A statistical hetero-
geneity test with a p-value of less than 0.10 was considered signifi-
cant for heterogeneity. [20] The values of I* defined a priori as low,
moderate, and high heterogeneity were 25%, 50%, and 75% respect-
ively. [21] Pooled data are presented with forest plots.
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Subgroup analysis, established a priori, by age groups was
performed, and furthermore, sensitivity analysis was performed
using influential analysis. Publication bias was explored by Egger’s
test and visually with funnel plots. All statistical analyses were
performed in R 4.3.0 with the meta and dmetar libraries. Factors
associated with CA-CDI were qualitatively synthesized.

Results
Characteristics of the studies

A total of 3,642 articles were retrieved on the initial search, from
which 1,691 were excluded due to duplication. After title and
abstract screening, 349 were included in full-text screening. After
screening 49 articles in total, 19 articles were included for the
prevalence outcome and 43 for the incidence outcome. A visual
representation of the literature screening process can be seen in
Figure 1.

Characteristics of the studies and study participants

Approximately 83,105 processed samples (not reported by all stud-
ies) for CDI were included in this study. Of the included articles,
fifteen were from the USA [4, 22-35]; five from Spain [36—40]; four
from Australia [71] [41-43]; three from Canada [3, 44, 45], Scotland
[46-48], Sweden [49-51]; two from France [52, 53]; and one from
Bailiwick of Jersey [54], China [55], Finland [8], Germany [56],
Iceland [57], India [58], Iran [59], Ireland [60], Israel [61], Japan
[62], Kuwait [63], Netherlands [64], New Zealand [65], and Slovakia
[66]. The rest of the extracted characteristics can be seen in Table 1.

Prevalence of CA-CDI

The overall pooled prevalence of CA-CD], obtained from a total of
62,148 patients, was 5% (95% CI 3-8; Figure 2). A subgroup analysis
by age groups of the included samples from each study was per-
formed, which showed no statistical subgroup difference (p = 0.58,
Supplement IIT).

Incidence of CA-CDI

The overall pooled incidence of CA-CDI was 7.53 patients (95% CI
4.45-12.74) per 100,000 person-years (Figure 3). Furthermore,
subgroup analysis revealed a statistically significant difference
when divided by age group (p < 0.01, Supplement III).

Heterogeneity and publication bias

This systematic review and meta-analysis detected high heterogen-
eity for both outcomes (I* 100% 95% CI 100-100, p < 0.001).
Preplanned sensitivity analysis was performed via influence ana-
lysis. For CA-CDI prevalence, influence analysis showed Maisa
et al. [60] as a potential outlier, influencing the results. Repeating
the analysis without Maisa et al. resulted in a pooled prevalence of
4% (95% CI 3-6), with a I* of 98% (95% CI 98-98). On the other
hand, for CA-CDI incidence, influence analysis did not show any
potential outliers.

Publication bias was assessed visually and statistically via funnel
plots and Egger’s test, respectively. Although the funnel plot for
prevalence of CA-CDI visually showed asymmetry, Egger’s test did
not indicate the presence of asymmetry (p = 0.1914). Publication
bias of CA-CDI incidence showed a different result, with both the

funnel plot and Egger’s test showing indication of publication bias
(p = 0.0035). Both funnel plots can be seen in Supplementary
material IV.

Factors associated with CA-CDI
Sex and gender

Several studies report an increase of CA-CDI cases in female
patients. [28, 29] Furthermore, when compared to HA-CDI cases,
CA-CDI patients were more likely to be female. [30, 46, 52] Other
studies also found a statistically higher incidence of CA-CDI in
females when compared to males [32], where Maisa et al. [60]
reported that CA-CDI cases had lower odds to be male (adjusted
odds ratio [aOR] 0.71; 95% CI 0.58-0.87; p < 0.001), but Ingle et al.
reported that they did not find a statistically significant difference in
gender. [58]

Antibiotics

Antibiotic use has been identified before as a risk factor for
C. difficile associated disease. [53, 64] Several studies reported that
CA-CDI was more likely to have received antibiotics in the
2 months prior to developing the disease, with ORs ranging from
8.04-8.12 when compared to controls. [47, 62] Other authors have
reported ORs of 6.09 (95% CI 4.59-8.08) when antibiotics were
taken in the previous 6 months [31] and an almost 2-fold increased
risk of CA-CDI when taking any antibiotic (1.94,95% CI 1.35-2.77,
p = 0.001). [48]

Some of the most commonly reported antibiotics associated
with increased risk for CA-CDI were co-amoxicillin, fluoroquino-
lone, clindamycin and cephalosporins, fluoroquinolones, beta-
lactam/beta-lactamase inhibitors, macrolides, and penicillins. [26,
27, 31, 48] Dantes et al. reported a predicted overall 16.8% (6.0%—
26.3%; p = 0.003) decrease in CA-CDI incidence each 10% reduc-
tion in the use of all antibiotics. [26]

On the other hand, Ingle et al. [58] reported that although
antibiotic use was more common in the CA-CDI group as com-
pared to controls (66.7% vs. 38.4%, p = 0.07), the difference was not
statistically significant, with other authors reporting similar results.
[57] Nevertheless, when compared to HA-CDI, CA-CDI patients
are less frequently taking antibiotics (p < 0.001) [37].

Gastrointestinal therapy

Gastrointestinal therapy was also commonly evaluated as a risk
factor for CA-CDI. Although Kuntz et al. [31] reported an aOR of
2.30 (95% CI 1.56-39) of developing CA-CDI when taking gastric
acid suppressants 6 months before diagnosis, Jamal et al. reported a
no-statistically significant prior exposure to gastrointestinal ther-
apy when compared to control (p = 0.09). [63] Further more Mori
et al. reported that prior exposure of antacids in the preceding
2 months was not a risk factor for CA-CDI (OR: 0.59, 95% CI: 0.19—
1.85). [62]

Additionally, when compared to HA-CDI, CA-CDI patients less
frequently received proton pump inhibitors (p < 0.001). [37]

Age

Age was commonly reported as related to CA-CDI cases. Some
studies have reported older age as a high predictor of CA-CDI cases,
with different cut-off points, such as 40, 60, or 65 years [28, 29, 32,
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Figure 1. PRISMA flow diagram.

51, 53] although not all studies have found the same difference. [58]
Moreover, when compared to HA-CDI, CA-CDI cases were sig-
nificantly younger. [30, 37, 60]

Quality assessment

Out of 35 cross-sectional studies, 29 met the prespecified criteria for
high quality study after being assessed using the AXIS tool, while

6 did not. [22, 39, 45, 46, 56, 66] The median score from the AXIS
tool was 19. For case-control studies, assessed by the NOS, nine out
of ten were of good/high quality, while one study was deemed as fair
quality [32], with a median score of 7.5. All the four cohort studies
included were of good/high quality, assessed using NOS, with a
median score of 6. While these scores might be seen as abnormally
high, it is important to consider that most studies included the total
population and did not do any sampling.



Table 1. Baseline characteristics of the included studies

Samples CA-CDI  Timeframe
Author (year)  Country CA-CDI definition processed Diagnostic tool Age group Population cases in years
Kotila, et al. Finland Infection obtained outside a hospital, >4 weeks after hospital NR TcdA, TcdB, culture of C. difficile, and NAATs Mixed 5,500,000 10,643 6
(2016) discharge, or < 2 days after admission
Penit, et al. France Symptoms starting 8 weeks after hospital discharge or in the first NR ELISA, C-Dff Quik Chek Complete, C. difficile Mixed NR 27 0.58
(2016) 48 h of hospital stay glutamate dehydrogenase, and toxin A/B
antigens
Banks, et al. Scotland CDI case with onset of symptoms while outside a healthcare NR NR >15 years 1,601,849 158 1
(2015) facility, and without discharge from a healthcare facility within old
the previous 12 weeks or with onset of symptoms within 48 h
following admission to a healthcare facility without residence in
a healthcare facility within the previous 12 weeks
Khanna, etal. USA Symptom onset occurred in the community or within 48 h of NR NR Adults 308,745,538 263 8
(2016) admission to a hospital, provided symptom onset was more
than 12 weeks after the last discharge from a hospital.
Mori, et al. Japan Patient presenting in the outpatients setting with a diagnosis of 208 C. difficile toxin assay or C Diff Quick Chek Adults and 1,914,011 26 5
(2015) CDI with no history of hospital discharge in the 12 weeks prior to complete, isolates of C. difficile on stool culture elderly
the visit and Immunocard CD toxin A & B
Alcald, et al. Spain Patient with onset of symptoms while outside a healthcare facility, 1800 CLO agar culture Mixed 31,140,726 40 0.58
(2015) and without discharge from a healthcare facility within the
previous 12 weeks or with onset of symptoms within 48 h
following admission to a healthcare facility without residence in
a healthcare facility within the previous 12 weeks
Jamal, et al. Kuwait Onset of symptoms occurring while the patient was outside a 2,584 Presence of typical fluorescence color under UV~ Mixed 3,268,431 16 2
(2015) healthcare facility and the patient had not been discharged light and API 20AN
from a healthcare facility within 12 weeks before symptom
onset, or the onset of symptoms occurring within 48 h upon
admission to a healthcare facility and the patient had no prior
stay in a healthcare facility within the 12 weeks prior to
symptom onset
Lessa, et al. USA Positive C difficile specimen was collected as an outpatient or NR NAAT Mixed 308,745,538 3,207 1
(2014) within 3 days after hospital admission and the patient had no
documented overnight stays in a healthcare facility in the prior
12 weeks
Taori, et al. Scotland CDI, which developed in a patient with no history of healthcare  NR Toxin A and/or B by EIA and glutamate Mixed 664,760 42 1
(2014) contact in the 12 weeks prior to diagnosis dehydrogenase, toxin A, and toxin B PCR17
Slimings, et al. Australia Symptom onset in the community or < 48 h after admissiontoa NR Laboratory assay for C. difficile toxin A and/or B, or Mixed NR 1,320 2
(2014) hospital if symptom onset occurred >12 weeks after last stool sample by culture or PCR.
discharge from a hospital
Ingle, et al. India No history of past or present hospitalization in the past 12 weeks 150 C. difficile toxin (CDT) assay microscopy and Mixed NR 2 1.75
(2013) culture, CDT A and B with ELISA
Gutiérrez, etal. USA Community acquired CDAD cases were individuals without in NR NR Adults NR 1,018 13
(2013) patient medical encounters in the twelve-week period prior to
CDAD diagnosis
Khanna, etal. USA Onset of symptoms occurred in the community or within 48 h of NR NR Mixed 123,310 157 15

(2012)

admission to a hospital, provided symptom onset was
>12 weeks after the last discharge from a hospital

(Continued)
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Table 1. (Continued)

Samples CA-CDI  Timeframe
Author (year)  Country CA-CDI definition processed Diagnostic tool Age group Population cases in years
Mitchell, et al.  Australia Symptom onset was in the community or within 48 h of admission NR enzyme immunoassay or polymerase chain Mixed NR 17 (in 1
(2012) to a public hospital provided that symptom onset was more reaction detecting toxin A and/or toxin B, or 2010)
than 12 weeks after the last discharge from a healthcare facility culture 54 (in
in which skilled nursing care is provided, excluding residential 2011)
aged care
Vesteinsdottir, Iceland If patients had not been hospitalized for the past 6 weeks, did not 1,693 CD toxin A and B by ELISA Adults and 318,452 30 1
et al. (2012) live in a nursing facility such as a nursing home or retirement elderly
home, and, if hospitalized, were diagnosed with CDI within 72 h
from admission
Kuntz, et al. USA Diagnosis of CDI in the outpatient setting with no history of NR Primary or secondary diagnosis of ICD-9 code Mixed 680,783 304 4
(2011) hospital discharge in the 12 weeks before diagnosis, or (2) a 008.45 for ‘Infection due to Clostridium difficile’
primary diagnosis upon hospital admission and no history of listed on an inpatient or outpatient insurance
hospital discharge in the 12 weeks before diagnosis claim
Allard, et al. Canada NR NR Mixed 1,850,000 536 1
(2011)
Kutty, et al. A.  USA Patients for which there was no inpatient healthcare exposure NR C. difficile Tox A/B Il ELISA Veterans NR 212 1
(2010) within 8 weeks before the stool collection date Affairs
and
Adults
and
elderly
Norén, et al. Sweden Patients with community-acquired CDAD had no history of recent 2,115 Antitoxin antibody neutralization, culture on Mixed 274,000 59 1
(2004) hospitalization cycloserine- cefoxitin-fructose agar
Karlstrom, Sweden Onset of symptoms outside the hospital without hospitalization  NR Culture (cycloserine-cefoxitin-fructose agar) and ~ Mixed 8,800,000 89 1
et al. (1998) within the preceding 4 weeks toxin A/B assay by immunologic
van Dorp, et al. Netherlands 12,714 NR Mixed 2,810,830 124 133
(2019)
Xia, et al. Canada CDI case with symptom onset in the community OR occurring less NR NR NR 14,362,183 10,099 6
(2019) than orequalto 72 h or less than or equal to three calendar days
after admission to a healthcare facility, provided that symptom
onset was more than four weeks after the patient was
discharged from any healthcare facility
Lefevre- France Acquired >12 weeks from hospitalization 2055 Glutamate dehydrogenase analysis by Adults and  NR 28 3
Tantet- immunochromatographic test, and toxin elderly
Etchebarne, analysis by immunochromatographic test and
et al. (2016) toxin-secreting strain culture
Zilberberg, USA If there was no evidence of an acute, nursing home, or skilled NR NR Elderly 1,165,165 1,197 2
et al. (2016) nursing facility stay within 12 weeks before the incident CDI
episode or if there was no ICD-9-CM code for CDI
Reigadas, etal. Spain Onset of symptoms while outside a healthcare facility, and 1,270 Toxigenic culture in Clostridium selective agar Mixed NR 38 0.5
(2014) without discharge from a healthcare facility within the previous medium, immunochromatographic system and

12 weeks or with onset of symptoms within 48 h following
admission to a healthcare facility without residence in a
healthcare facility within the previous 12 weeks

the MRC-5 cell line cytotoxicity test.

(Continued)
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Table 1. (Continued)

Samples CA-CDI  Timeframe
Author (year)  Country CA-CDI definition processed Diagnostic tool Age group Population cases in years
Marwick, et al.  Scotland Onset of symptoms while outside a healthcare facility, and NR Toxin A & B test and/or the C. DIFF QUIK CHEK Elderly 79,039 137 1
(2013) without discharge from a healthcare facility within the previous COMPLETETM test
12 weeks OR onset of symptoms within 48 h following
admission to a healthcare facility, and without residence in a
healthcare facility within the previous 12 weeks
Hirschhorn, USA Onset at least 42 days after the most recent hospitalization, CDAD 668 Cytotoxic assay as the confirmatory test for Mixed 265,000 51 3
et al. (1994) with onset within 48 h of admission or CDAD in a patient samples by latex agglutination.
admitted to a hospital with gastrointestinal symptoms and a
positive assay for C difficile toxin within 5 days of admission
Asensio, et al.  Spain Infections on patients with more than 4 weeks of discharge froma NR Toxin A and B determination, PCR Mixed 465,620 430 8
(2021) healthcare facility or with unknown origin
Zanichelli, Canada Illness in a hospitalized patient for whom symptoms developed  NR Nucleic acid amplification tests and enzyme Mixed 8,209,599 4,481 7
et al. (2020) within 72 h of admission and who had not been hospitalized or immunoassays for detecting toxigenic C. difficile
received ambulatory care in the previous 4 weeks.
Maisa, et al. Ireland No history of hospital admission >4 weeks from hospitalization; 2,807 Either glutamate dehydrogenase enzyme Mixed 1,866,042 1,303 5
(2019) including cases with a positive CDI result 4-12 weeks of immunoassay or PCR testing, followed by toxin
hospitalization OR < 48 h following hospital admission and no detection using ELISA
previous hospital stay within 4 weeks
Ho, et al. China Patients who had not been hospitalized in a healthcare facility NR Bacterial culture, toxin detection, NAAT Adults and 6,085,892 817 9
(2017) within the previous 12 weeks elderly
Abrahamian, USA All cases that did not occur in participants with an overnight 422 C. difficile-positive culture result and positive toxin Mixed NR 17 2.5
et al. (2017) hospital or nursing home stay in the previous 3 months assay result either by the GeneXpert or ELISA
Kumar, et al.  Bailiwick of Infection onset in the community with no prior admission to a 4,506 CD toxin enzyme immunoassay, glutamate Mixed 99,000 29 5
(2018) Jersey healthcare facility for at least 84 days (12 weeks) dehydrogenase EIA
Malmqvist, Sweden Onset outside of healthcare facility and > 12 weeks since hospital 3,377 cell cytotoxicity assay using human embryonic Children 426,724 46 8
et al. (2019) discharge or onset within 48 h after admission to healthcare lung fibroblasts, cytotoxicity neutralization
facility and > 12 weeks since hospital discharge assay for Toxin B and nucleic acid amplification
test
Russo, et al. USA Onset occurred in the community (outpatient setting) with no NR Diagnosis code for CDI (ICD-9-CM 008.45 or ICD-10 Adults 1,073,900 5,066 6
(2019) history of hospitalization, or long-term care, or skilled nursing A04.7 or the presence of toxin or toxin gene in a
facility stay during the previous 12 weeks stool sample detected by enzyme immunoassay
or polymerase chain reaction (PCR).
Weil, et al. Germany NR 703 enzyme immunoassay for C. difficile toxin A/B and Mixed NR 35 0.5
(2007) culture
Furuya- Australia Patient from the community that submitted a positive specimen 24,496 tcdE and assay was agarose gel based or real time Mixed 4,500,000 1792 10
Kanamori, for C. difficile toxin gene detection PCR with dual targets tcdE and tcdB
et al. (2014)
Yu, et al. (2022) USA Cases identified from the outpatient setting or an inpatient facility NR laboratory CDI test cell culture cytotoxicity assay, Elderly 6,100,000 61,470 8
<3 days after admission, with no inpatient stay in the previous immunoassay, nucleic acid amplification
12 weeks
Collins, et al.  Australia NR 381 PCR result for tcdB, enzyme immunoassay for NR 2,200,000 112 3
(2022) glutamate dehydrogenase (GDH), tcdB PCR
(Continued)
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Table 1. (Continued)

Samples CA-CDI  Timeframe
Author (year)  Country CA-CDI definition processed Diagnostic tool Age group Population cases in years
Azimirad, et al. Iran Patients that developed CDI symptoms in the community or within 3,649 Cultured on cycloserine-cefoxitin-fructose agar, Mixed NR 292 15
(2020) 48 h or less after hospital admission. These patients must not PCR on 16S rDNA gene
have been discharged from a health-care facility in the previous
12 weeks
Younas, etal. USA Positive stool specimen was collected in an ambulatory setting or NR Nucleic-acid amplification test (NAAT), glutamate Mixed NR 5,192 1.5
(2019) within three calendar days of hospital admission in a person dehydrogenase test and enzyme immunoassays
with no documented overnight stay in a healthcare facility for toxin detection
during the 12 weeks before the specimen was collected
Dantes,etal. USA Cases with no positive test <8 weeks prior and no overnight stayin NR NAAT Adults and 10,400,000 4,682 1
(2015) a healthcare facility <12 weeks prior elderly
Johnston, New Cases with >12 weeks after discharge 1,153 Initial glutamate dehydrogenase screening assay, Mixed NR 9 1
et al. (2021) Zealand toxin enzyme immunoassay test
Guh, et al. USA Cases with no documented admission to a health care facility in  NR NAAT Mixed 12,000,000 47,512 7
(2020) the preceding 12 weeks
Miranda, et al. USA Cases evaluated in the community or first 48 h of hospital 7,650 Glutamate dehydrogenase antigen, PCR Children 3,642,281 554 5
(2020) admission and > 12 weeks after hospital discharge, with no prior
positive C difficile testing in last 8 weeks, without other
identified causes of diarrhea
Bodé, et al. Spain Patient with CDI symptom onset in the community or 48 h or less 7,004 Toxigenic culture on selective cycloserine Mixed NR 151 2
(2018) after admission to a health care facility, provided that symptom cefoxitine fructose agar plates, Glutamate-
onset was more than 12 weeks after the last discharge from an dehydrogenase rapid enzyme immunoassay
health care facility screening test was performed, rapid dual
enzyme immunoassay screening test
Lasheras, et al. Spain Case of CDI with onset of symptoms: outside of healthcare 137 Toxigenic culture and enzyme immunoassay Mixed 200,000 4 0.41
(2018) facilities AND without discharge from a healthcare facility
within the previous 12 weeks, or on the day of admission to a
healthcare facility or on the following day and not resident in a
healthcare facility within the previous 12 weeks
Na’amnih, Israel Symptom onset in the community or within 48 h of admissiontoa 1,563 Enzyme immunoassay to detect toxin A/B, GDH  Adults and 2,367,540 84 8
et al. (2017) hospital without any hospitalization in the previous 12 weeks and Toxin A/B immunochromatographic rapid elderly
and a positive stool sample within 48 h of admission test, CDT PCR
Garabasova, Slovakia NR NR Epidemiological data, clinical picture (basic Mixed NR 51 0.25

et al. (2017)

clinical symptoms and signs), microbiological
tests (positive laboratory assay for C. difficile
toxin A and/or B in stools)

NR: Not reported; CA-CDI: Community acquired Clostridioides difficile infection.
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Author Country Events Total
Abrahamian, et al. (2017) USA 17 422
Alcala, et al. (2015) Spain 40 1800
Azimirad, et al. (2020) Iran 292 3649
Bodé, et al. (2018) Spain 151 7004
Collins, et al. (2022) Australia 112 381
Furuya-Kanamori, et al. (2014) Australia 1792 24496
Hirschhorn, et al. (1994) USA 51 668
Ingle, et al. (2013) India 2 150
Lasheras, et al. (2018) Spain 4 137
Lefevre-Tantet, et al. (2016) France 28 2055
Maisa, et al. (2019) Ireland 1303 2807
Malmaqyist, et al. (2019) Sweden 46 3377
Miranda et al. (2020) USA 554 7650
Mori, et al. (2015) Japan 26 208
Na’'amnih, et al. (2017) Israel 84 1563
Norén, et al. (2004) Sweden 59 2115
Reigadas, et al. (2014) Spain 38 1270
Vesteinsdottir, et al. (2012) Iceland 30 1693
Well, etal. (2007) Germany 35 703
Random effects model 62148

Heterogeneity: 1° = 100% [100%; 100%], ©° = 1.1996, p = 0
Figure 2. Pooled prevalence of CA-CDI.

Discussion

The systematic review and meta-analysis conducted on 49 studies
aimed to provide a comprehensive understanding of the prevalence
and incidence of CA-CDI. The investigation involved a meticulous
examination of a diverse range of literature, incorporating data
from epidemiological studies conducted worldwide, allowing for a
more nuanced and representative analysis, enhancing the reliability
and generalizability of the results. This comprehensive approach
not only contributes to the existing knowledge on CA-CDI but also
offers valuable insights for healthcare professionals, researchers,
and policymakers involved in the prevention and management of
this infectious disease in community settings.

The cumulative prevalence of community-associated C. difficile
infection was found to be 5%, significantly lower than the preva-
lence reported in the surveillance report by the eCDC. [67] Accord-
ing to their findings, 32.7% of cases recorded from 20162017 were
attributed to community-associated CDI or CDI with an unknown
origin of cases. Nevertheless, information regarding prior hospital-
ization was not consistently gathered for all cases. For those cases
where such information was available, the duration of prior hospi-
talization varied from 4 to 12 weeks, potentially leading to mis-
classification, a limitation acknowledged by the authors. The same
report states that it was twice as common for CA-CDI cases to
report prior contact with a long-term care facility in the previous
three months than for all CDI cases.

Our qualitative analysis revealed that prior antibiotic exposure
emerged as a prominent risk factor for the onset of CA-CDI,
aligning with the observations made by Deshpande et al. [68] Their
study reported an OR of 6.91 (95% CI 4.17—-11.44) for any antibiotic
use. Notably, with the sole exception of tetracyclines, virtually all
other classes of antibiotics exhibited an association with an elevated
risk of CA-CDL

Across all age groups and globally, the incidence of CDI was
recorded at 7.5 cases per 100,000 person-years, nearly four times
higher than the figure reported by Marwick and colleagues, which
stood at 2.0. [48] However, in the context of adult patients, CA-CDI
rates have been documented as reaching as high as 11.16 cases per
100,000 person-years. [31] It is worth noting that both referenced

Proportion (95%-Cl)

0.04 [0.02; 0.06]
0.02[0.02; 0.03]
0.08 [0.07: 0.09]
0.02 [0.02; 0.03]
0.29 [0.25; 0.34]
0.07 [0.07; 0.08]
0.08 [0.06; 0.10]
0.01 [0.00; 0.05]
0.03[0.01; 0.07]
0.01[0.01; 0.02]
0.46 [0.45; 0.48]
0.01[0.01; 0.02]
0.07 [0.07; 0.08]
0.12[0.08; 0.18]
0.05 [0.04; 0.07]
0.03 [0.02; 0.04]
0.03 [0.02; 0.04]
0.02 [0.01; 0.03]
0.05 [0.03; 0.07]
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0.05 [0.03; 0.08]

studies exclusively analyzed data from adults, unlike the compiled
data, which includes a limited number of pediatric cases. Upon sub-
analysis of the adult and elderly populations, the incidence escalates
to 25 cases per 100,000 patient-years.

While CA-CDI can impact individuals of any gender, certain
authors have documented a prevailing occurrence in females with a
notable range spanning from 54% to 72.5%. [69, 70] However, this
gender-based trend is not consistently observed across all studies.

There are several limitations of this systematic review and meta-
analysis. Firstly, most of the prevalence results had to be calculated,
rather than extracted, with data provided by the included studies.
This was done because those papers reported CA-CDI proportions
with the population being patients with CDI and not patients with
diarrhea. Furthermore, although most of the cross-sectional studies
met the criteria for high quality studies, most of them were popu-
lation studies, inflating their AXIS score. Lastly, the funnel plot and
Egger’s test showed some indication of publication bias on the
incidence outcome; therefore, results should be interpreted cau-
tiously.

Itis relevant that most of the reports of CA-CDI include patients
with already diagnosed C. difficile, not patients with diarrhea.
Including this population directly compares the proportions of
CA-CDI versus HA-CDL. If the proportion of CA-CDI increases
the proportion of HA-CDI decreases and vice versa. Although this
is useful to examine C. difficile behavior when evaluating commu-
nity and hospital infections and onset, this may limit the under-
standing of the actual behavior of CDI in the community.

We highly recommend that, if the objective of the scientific
community is to examine C. difficile, future studies should include
patients with diarrhea as their population, not just patients with
CDI. Further recommendations include reporting the exact num-
ber used as a denominator when calculating and reporting an
incident.

Conclusion

In conclusion, this meta-analysis underscores that among the
included studies, the prevalence of CA-CDI stands at 5%, with an
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Author Events Person-years

Alcala, et al. (2015) 40

Allard, et al. (2011) 536 1675000.00
Asensio, et al. (2021) 430  3724960.00
Banks, et al. (2015) 158  1601849.00
Collins, et al. (2022) 112 6600000.00 &
Dantes, et al. (2015) 4682 520222222
Furuya-Kanamori, et al. (2014) 1792 45000000.00
Garabasova, et al. (2017) 51 8500000.00 2
Guh, et al. (2020) 47512 84000000.00
Gutiérrez, et al. (2013) 1018 18509090.91
Hirschhorn, et al. (1994) 51 795000.00
Ho, et al. (2017) 817 54773028.00 1
Jamal, et al. (2015) 16 6536862.00"
Karlstrom, et al. (1998) 28  8800000.001
Khanna, et al. (2012) 157  1849650.00
Khanna, et al. (2016) 263 697612.73
Kotila, et al. (2016) 10643 33000000.00
Kumar, et al. (2018) 29 495000.00
Kuntz, et al. (2011) 304 2723135.00
Kutty, et al. A (2010) 212 1019230.77
Kutty, et al. B (2010) 242582 527352173.91
Lasheras, et al. (2018) 4 82000.00
Lessa, et al. (2014) 3207 8330215.00
Maisa, et al. (2019) 1303  9330210.00
Malmgqvist, et al. (2019) 46 3413792.00
Marwick, et al. (2013) 137 79039.00
Miranda et al. (2020) 554 18211405.00
Mitchell, et al. A (2012) 17 500000.00
Mitchell, et al. B (2012) 54 509433.96
Mori, et al. (2015) 26 9570055.0010
Na’amnih, et al. (2017) 84 18940320.00
Norén, etal. (2004) 59 274000.00
Penit, et al. (2016) 27 350649.35
Russo, et al. (2019) 5066 6443400.00
Slimings, et al. (2014) 1320 12222222222 [
Taori, etal. (2014) 42 664760.00
van Dorp, et al. (2019) 124  3738403.90
Vesteinsdottir, et al. (2012) 30 238095.24
Xia, et al. (2019) 10099 86173098.00
Younas, et al. (2019) 5192 735410765
Yu et al. (2022) 61470 48800000.00
Zanichelli, et al. (2020) 4481 57467193.00
Zilberberg, et al. (2016) 1197  2330330.00

Random effects model
Heterogeneity: 1% = 100% [100%; 100%), > = 3.0839, p =0

Figure 3. Pooled incidence of CA-CDI.

incidence rate of 7.3 cases per 100,000 person-years. Noteworthy
risk factors identified include sex, prior antibiotic exposure,
and age.
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