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Abstract

Background: Cockroaches are mechanical vectors of Escherichia coli, a key indicator of fecal contamination and anti-
microbial resistance. Their presence in hospitals and households poses risks of healthcare-associated and communi-
ty-acquired infections. However, no global quantitative prevalence estimate of E. coli in cockroaches is available. We
systematically reviewed and meta-analyzed observational studies to estimate pooled global prevalence of E. coli in
cockroaches and explore heterogeneity by site, species, and region.

Methods: We systematically searched PubMed, Scopus, Web of Science for observational studies reporting E.
coli prevalence in cockroaches (last search: January, 2026), without geographical or time restrictions. Pooled prevalence
was estimated using a DerSimonian—Laird random-effects model with Freeman-Tukey double arcsine transformation.
Subgroup analyses were predefined by sampling site, cockroach species and country. Heterogeneity was assessed using
the I? statistic. The protocol was not registered in the International Prospective Register of Systematic Reviews
(PROSPERO).

Results: The pooled global prevalence of E. coli colonization was 22.6%. In subgroup analyses, the highest and lowest
prevalence of E. coli colonization were found in studies with external surface sampling (26.5%) and internal parts sam-
pling (16.8%), respectively. The pooled prevalence of E. coli colonization in studies with American and German cock-
roaches was 28.4% and 18.2 %, respectively. A significant difference was observed among cockroach-type subgroups.
Conclusions: This meta-analysis reveals a substantial prevalence of E. coli contamination in cockroaches, particularly
on external surfaces, in Periplaneta americana and in hospital/household settings. Further research is needed to develop
targeted interventions for reducing associated public health risks.
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Introduction

Cockroaches are ubiquitous insects that
thrive in environments characterized by damp-
ness, darkness and poor sanitary conditions.
Although nearly 4,000 species of cockroaches
have been identified, only about 30 species
are associated with human habitats, including

Periplaneta americana, Blattella germanica
and Blatta orientalis (1-4). Their nocturnal
behavior, scavenging feeding habits and pref-
erence for environments such as restaurants,
markets, sewage systems and hospitals facili-
tate their contact with contaminated materials
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and human living spaces (5). Cockroaches act
as mechanical carriers of a diverse range of
pathogens, including bacteria, viruses, para-
sites and fungi and their presence in hospitals
raises particular concern for healthcare-asso-
ciated infections (HAIs) (6—8). Reports link-
ing cockroaches to nosocomial infections, in-
cluding those with high neonatal mortality
rates (4, 8), highlight their potential role in the
transmission of clinically important microor-
ganisms. Previous systematic reviews have em-
phasized the widespread nature of cockroach
infestations and their role in disseminating med-
ically relevant bacteria and fungi, including
multidrug-resistant organisms (4, 9). These in-
sects have been reported to harbor a wide spec-
trum of pathogenic microorganisms, including
multidrug-resistant bacteria such as Escherich-
ia coli, Klebsiella pneumoniae and Salmo-
nella spp., as well as more than sixty species
of medically relevant fungi. Such microbial
colonization underscores the role of cock-
roaches as important mechanical vectors con-
tributing to community- and hospital-acquired
infections (9, 10).

Among the pathogens identified, Gram-
negative bacteria, particularly E. coli, are of
major public health importance. E. coli is a
versatile pathogen responsible for urinary tract
infections, neonatal meningitis, sepsis, diar-
rheal diseases, hemolytic uremic syndrome and
other life-threatening conditions (8, 11-13).
Its long-term persistence on environmental sur-
faces and increasing antimicrobial resistance
further amplify concerns related to its trans-
mission.

Although numerous individual studies have
investigated microbial colonization in cock-
roaches, most prior reviews have focused on a
broad spectrum of organisms (bacteria, fungi,
and parasites) without providing a pathogen-
specific synthesis (1, 9). Existing literature of-
ten reports aggregated contamination and col-
onization data, rarely distinguishing E. coli
from other microorganisms, despite its critical
clinical relevance as a major cause of
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healthcare-associated infections and antimicro-
bial resistance. Furthermore, previous evidence
has seldom conducted detailed comparisons
across cockroach species, environmental set-
tings (hospital versus household), or anatomi-
cal sampling sites (external versus internal sur-
faces). Accordingly, the present systematic re-
view and meta-analysis aims to quantitatively
estimate the global prevalence of E. coli col-
onization in cockroaches, with subgroup anal-
yses based on cockroach species, sampling
site (external versus internal), and environ-
mental setting (hospital versus household).

Materials and Methods

Study design

We followed our methodology and findings
according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRIS-
MA) guidelines. The protocol was not regis-
tered in PROSPERO, as the review topic fo-
cusing on environmental bacterial colonization
in cockroaches did not fall within the scope of
human health outcomes as defined by the reg-

istry.

Search strategy

We systematically searched three interna-
tional electronic databases: PubMed, Web of
Science and Scopus. The final search was per-
formed in January 2026. The search strategy
combined keywords and MeSH terms related
to cockroaches (including "Blattaria", "Dicty-
optera", "Blattidae", "Ectobiidae", "Blaberidae",
"Blattellinae", "Blatta orientalis", "Periplaneta
Sfuliginosa", "Supella longipalpa", "Blattella ger-
manica", "Periplaneta americana", "Diplop-
tera", "German cockroach", "brown-banded",
"American cockroach", "Oriental cockroach",
"Pacific beetle" and "Smoky brown") with terms
for Escherichia coli (or "E. coli"), using ap-
propriate Boolean operators ("OR" and "AND").
The search syntax was adapted according to
the specific requirements of each database
(Supplementary file).
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Selection criteria and study selection

The initial search results were imported
into EndNote X8 (Clarivate Analytics, Phila-
delphia, United States), where duplicate cita-
tions were identified and removed. Two trained
researchers independently evaluated the titles
and abstracts of all articles for inclusion (M.H.
and Y.D.). Studies were included if they met
the following criteria: (i) studies employing
standard sterile cockroach collection and iden-
tification methods; (i) studies employing stand-
ard preparation procedures for external sur-
faces, alimentary tracts (internal parts), or both,
to obtain homogenized suspensions from indi-
vidual cockroaches; and (iii) studies employ-
ing standard culturing and/or molecular tech-
niques for E. coli isolation and identification.

Studies were excluded if they: (i) were sys-
tematic reviews, congress abstracts, meeting
abstracts, or non-original publications (for ex-
ample, editorials, letters, case reports), (ii) used
E. coli as an experimental model rather than as
a target contaminant in field-collected cock-
roaches, or (iii) were not published in English.

Only original observational studies (cross-
sectional, case-control and cohort designs) were
considered. No restrictions were applied re-
garding publication year, and the search cov-
ered all available literature up to January 2026.
Unpublished studies, preprints and grey litera-
ture (for example: theses, dissertations, gov-
ernment reports and conference proceedings)
were not searched or included due to the lack
of standardized quality assessment tools and
the potential for unverified data. Any disa-
greements between the two reviewers during
the screening or full-text selection process were
resolved through discussion, and if consensus
could not be reached, a third reviewer (S.N.)
was consulted for arbitration.

Quality assessment and data extraction
Prior to formal data extraction, a pilot da-
ta-extraction form was developed and tested
on three randomly selected studies by all ex-
tractors to ensure consistency and calibration.
Three researchers (M.H., Y.D. and F.R.) in-
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dependently extracted data and entered it into
Excel software (version 2016, Microsoft Cor-
poration, Redmond, USA). Two additional re-
searchers (Me.H. and S.N.) independently re-
viewed and verified the extracted data. The
desired data extracted from the included arti-
cles were: (a) first author's last name, (b) pub-
lication year, (c) country, (d) type of cock-
roach, (e) cockroach species, (f) number of
cockroaches, (g) number of E. coli, (h) site of
sampling and (i) location of sampling. The
complete data-extraction form is provided as a
supplementary file (Supplementary Table S1).
The quality of the included studies was as-
sessed using the Joanna Briggs Institute’s crit-
ical appraisal tool for prevalence studies (M.H.
and M.H.) (15). Any disagreements or discrep-
ancies encountered during the data extraction
and quality assessment processes were resolved
through discussion and when necessary, con-
sultation with a third researcher (S.N.) (14).

Statistical analysis

The prevalence of E. coli in cockroaches
was estimated for each study as the number of
E. coli-positive cases divided by the total num-
ber of cockroaches. The Freeman-Tukey dou-
ble arcsine transformation was used to stabi-
lize variations in prevalence. The pooled prev-
alence of E. coli was estimated using the Der-
Simonian and Laird random-effects model based
on the transformed values and their variances.
The 95% confidence intervals (Cls) for the
pooled estimate were computed using the Wald
method. Subgroup analyses were performed to
identify sources of between-study heterogene-
ity and determine the predictors of pooled prev-
alence. Subgroup analyses were conducted based
on the site of sampling (internal parts and ex-
ternal surfaces), type of cockroaches (Ameri-
can, German, Oriental and Brown-banded),
cockroach species (P. americana, B. german-
ica, B. orientalis and S. longipalpa), country,
and sampling location. The Cochran Q test and
I? index were used to assess between-study
heterogeneity, where 1> > 50% indicates high
heterogeneity. The robustness of pooled esti-
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mates was examined by conducting sensitivity
analyses that excluded studies with large sam-
ple sizes and using the leave-one-out method.
To assess publication bias, a logit transfor-
mation was applied to the effect size and sam-
ple size. This approach was preferred over
using the inverse of the standard error because
conventional funnel plots and publication bias
tests are often inaccurate for meta-analyses
involving low-proportion outcomes. Stata soft-
ware version 17.0 (STATA Corp., College Sta-
tion, Texas, USA) was used to perform the me-
ta-analyses.

Results

Study selection and characteristics

Figure 1 illustrates the process of selecting
studies. The initial search yielded 3650 arti-
cles, with 3524 being excluded after removing
duplicates and screening titles and abstracts.
After full-text reviews, another 87 articles were
excluded. In total, 39 eligible studies (95 da-
tasets) involving 8,505 cockroaches from 15
countries were included in this review. All the
articles were cross-sectional studies and were
published from 2010 to 2026. The studies cov-
ered 15 countries across multiple continents,
including Asia (Bangladesh, India, Iran, Iraq,
Taiwan, Pakistan, China, Kuwait) and Africa
(Ethiopia, Ghana, Nigeria, Tunisia, Morocco,
Uganda, Tanzania). The largest sample size
was from Iran, with 2,078 cockroaches. With
regard to the sampling sites: 53 datasets in-
volved only the external surface, 34 datasets
involved only the internal parts, and nine da-
tasets involved cockroaches from both exter-
nal surfaces and internal parts. Considering
health status, 44 datasets had data on Ameri-
can cockroaches (P. americana), 38 datasets
had data on German cockroaches (B. german-
ica), 12 datasets had data on Oriental cock-
roaches (B. orientalis) and two datasets had
data on Brown-banded cockroaches (S. longi-
palpa). Table 1 presents a summary of the main
characteristics of the 39 eligible studies. It is
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important to clarify that Table 1 is based on 95
separate datasets because each study investi-
gated different species and various subgroups.

From 3,650 records, 2,594 duplicates and
930 pre-2010 records were removed. After
screening 126 records, 79 full-text articles were
excluded, leaving 47 assessed for eligibility; 8
were excluded, and 39 studies were included
in the meta-analysis.

Global prevalence of isolated Escherichia coli
in cockroaches

Of the 8,396 cockroaches from 15 coun-
tries, 1,820 tested positive for E. coli, indicating
a pooled global E. coli prevalence of 22.6%
(95% CI: 18.5-27) (Table 2). Between-study
heterogeneity was substantial (I°= 95%, p<
0.001). Among countries with one or more
eligible studies, some of the highest E. coli
prevalence rates were observed in Pakistan
(64%, CI: 49.9-77), Iran (35.8%, CI: 25.7-46.6),
Morocco (41.7%, CI: 23.2-61.4), Bangladesh
(33.5%, CI: 18.6-50.4) and Iraq (21.1%, CI:
16.5-26) (Table 2). The funnel plot used to
assess "small-study effects" for the pooled prev-
alence showed no evidence of publication bias
(Fig. 2).

Each circle represents an individual study
estimate. The vertical axis represents the logit-
transformed prevalence, and the horizontal ax-
is represents the sample size (number of cock-
roaches sampled). The pseudo 95% confidence
limits (curved lines) indicate the expected dis-
tribution of studies in the absence of publica-
tion bias. Asymmetry was statistically assessed
using Egger's regression test, and the results
are reported in the text.

Prevalence of isolated Escherichia coli con-
cerning pre-specified variables

A total of 33 studies involved internal parts
sampling, 53 involved external surface sam-
pling and nine included both types of sam-
pling. In the subgroup analysis, the highest
and lowest E. coli prevalence rates were ob-
served in studies with external surface sam-
pling (26.5%) and internal part sampling (16.8%),
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respectively (Table 2). The test for heteroge-
neity between subgroups (based on sampling
site: internal parts, external surfaces and both)
was not statistically significant (y*>= 5.35, p=
0.069), indicating no significant difference in
pooled prevalence estimates across these three
subgroups. The overall heterogeneity across
all included datasets was substantial (I>= 95.0%,
p< 0.001), indicating high variability in prev-
alence estimates beyond chance.

A total of 44, 37, 12, and 2 datasets repre-
sented studies involving American, German,
Oriental and Brown-banded cockroaches, re-
spectively. The pooled prevalence of E. coli
was 28.4% for American cockroaches, 18.2%
for German cockroaches, 11.4% for Oriental
cockroaches, and 30.7% for Brown-banded
cockroaches (Table 3)

The test for heterogeneity between sub-
groups based on cockroach type (American,
German, Oriental and Brown-banded) was sta-
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tistically significant (y*= 27.70, p< 0.001), in-
dicating significant differences in pooled prev-
alence estimates among cockroach types.

Substantial within-group heterogeneity was
observed for American cockroaches (I*= 95.3%)
and German cockroaches (I*= 95.7%). In con-
trast, no significant heterogeneity was detect-
ed among studies of Oriental cockroaches (I*=
0.0%, p= 0.690). Overall, heterogeneity across
all included studies remained substantial (I*=
95.0%, p< 0.001).

Regarding the sampling location, most stud-
ies were conducted in hospitals and health
centers (n= 36), followed by dwellings (n=
26) and collective catering facilities (n= 22).
The pooled prevalence of E. coli was 23.2%
in hospitals and health centers, 29.6% in
dwellings and 16% in collective catering fa-
cilities (Table 3). A significant difference was
observed among these subgroups (y*>= 28.44,
p<0.001).
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Table 1. Characteristics of included studies reporting the prevalence of Escherichia coli contamination in cockroaches

Study Year Country Type of Cockroach No. of Number  Sampling Sampling Reference
Cockroach Species Cockroach of E. coli  position Location
Bouamama et al 2010 Morocco AC P. americana 60 19 ES Residential areas (15)
Vahabi et al 2011 Iran AC P. americana 35 30 ES Household (16)
GC B. germanica 50 10 Household
Kassiri et al 2012 Iran AC P. americana 73 22 ES Human Dwellings and 17)
Hospitals
Nejati et al 2012 Iran AC P. americana 20 8 ES Hospital (18)
20 9 P
GC B. germanica 222 57 ES
222 65 P
Feizhaddad et al 2012 Iran AC P. americana 15 13 ES Hospital (19)
AKinjogunla et al 2012 Nigeria AC P. americana 60 9 ES Hospitals (20)
60 9 Human Dwellings
60 8 Canteens / Restaurants
60 11 1P Hospitals
60 13 Human Dwellings
60 8 Canteens / Restaurants
GC B. germanica 45 4 ES Hospitals
45 4 Human Dwellings
45 5 Canteens / Restaurants
45 7 IP Hospitals
45 9 Human Dwellings
45 5 Canteens / Restaurants
Tilahun et al 2012 Ethiopia GC B. germanica 400 2 IP Hospital 21
400 1 ES
Chitsazi et al 2012 Iran GC B. germanica 100 9 IP Hospital 22)
Vazirianzadeh et al 2013 Iran BBC S. longipalpa 39 11 ES House (23)
39 13 1P
Quarcoo et al 2013 Ghana AC P. americana 61 15 IP Hospital (24)
61 14 P
Hsiu-Hua Pai et al 2013 Taiwan AC P. americana 139 16 ES Hospitals (25)
GC B. germanica 64 2 ES
GC B. germanica 64 2 1P
AC P. americana 139 19 1P
Zacharia et al 2013 India AC P. americana 500 91 IP Hospitals (26)
Domestic environments
restaurants market places
Kassiri et al 2014 Iran AC 20 3 ES Hospital (68)
P. americana 25 25 ES Households
Wannigama et al 2014 India AC 52 9 ES Households (1)
P. americana 78 14 ES Food-handling establish-

ments
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Table 1. Continued ...
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Masoud et al
Akbari et al

Isaac et al

Fakoorziba et al
Brown et al
Motevali Haghi et al

Moges et al

Solomon et al
Sayyad et al
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Table 1. Continued ...

7 2 1P Hospital
GC B. germanica 21 2 ES Collective Catering
21 2 1P Collective Catering
Yaghootdost et al 2022 Iran GC B. germanica 109 31 1P Hospital (43)
Abduladheem et al 2023 Iraq AC P. americana 200 50 ES Collective Catering and ®)
GC B. germanica 56 8 Food-Industry
oC B. orientalis 44 8
Alhajeri et al 2023 Kuwait AC P. americana 600 159 ES Dwelling Localities and (44)
Household
Davari et al 2023 Iran AC P. americana 100 25 ES Collective Catering and (45)
GC B. germanica 28 4 Food-Industry
oC B. orientalis 22 4
Kimwaga et al 2023 Tanzania AC P. americana 57 30 1P Dwelling Localities and (46)
Household
Okrikata 2024 Nigeria AC P. americana 40 11 Both Dormitory and Hostel 47)
and Hotels
Liu et al 2024 China AC P. americana 52 3 1P Human Dwellings and (48)
GC B. germanica 76 4 1P Hospitals
Kakooza et al 2025 Uganda AC P. americana 47 20 1P Dormitory and Hostel (49)
GC B. germanica 11 8 ES and Hotels
Dihmane et al 2025 Morocco AC P. americana 63 36 Both Hospital and Health (50)
GC B. germanica 12 4 Center Carechome

N, total number of cockroaches sampled; n, number of E. coli-positive samples; AC, American cockroach; GC, German cockroach; OC, Oriental cockroach; BBC,
Brown-banded cockroach; ES, external surfaces; IS, internal surfaces; IP, internal parts (alimentary tract/gut contents); NR, not reported; H, hospital, HH, household

Table 2. Prevalence of Escherichia coli infection in cockroaches in 15 countries

Country (No. of datasets) Number of cockroaches screened  Number of test-positive cockroaches  Pooled prevalence % (95% CI)

Iran (28) 2078 669 35.8 (25.7—-46.6)
Nigeria (14) 916 135 14.4 (12.1-16.8)
Tunisia (11) 585 50 7.5 (3.43-12.7)
Ethiopia (8) 1,268 67 8(2.4-16.1)
Bangladesh (6) 900 310 33.5(18.6-50.4)
India (5) 703 127 17.7 (14.9-20.7)
Ghana (4) 162 32 17.3 (9.4-26.7)
Iraq (4) 350 76 21.1 (16.5-26)
Taiwan (4) 406 39 7.7 (3.34-13.7)
Morocco (3) 135 59 41.7 (23.2-61.4)
Pakistan (2) 50 32 64 (49.93-77)
China (2) 128 7 5.4 (1.95-10.2)

Uganda (2) 58 28 48.2 (35-61.6)
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Table 2. Continued ...

Tanzania (1) 57 30 52.6 (38.9-66)
Kuwait (1) 600 159 26.5 (23-30)
Total (95) 8,396 1820 22.6 (18.5-27)

Table 3. Subgroup analysis of Escherichia coli prevalence in cockroaches by sampling site, cockroach type, species, and location

Variable: Number  Number of cockroaches Number of test- Pooled prevalence
Subgroup datasets screened (total) positive cockroaches % (95% CI)
Site of sampling

Internal parts 33 3,345 577 16.8 (12-22.1)
External surface 53 4,259 1091 26.5(19.9-33.8)
Both 9 792 152 22.6 (13.3-33.4)
Type of cockroaches

American 44 4,121 1,055 28.4 (22-35.3)
German 37 3,714 679 18.2 (12.1-25)
Oriental 12 483 62 11.4 (8.5-14.7)
Brown-banded 2 78 24 30.7 (20.8-41.6)
Cockroach species

Periplaneta american 45 4,173 1,058 28.4 (22-35.3)
Blattella germanica 36 3,662 676 18.2 (12.1-25)
Blatta orientalis 12 483 62 11.4 (8.5-14.7)
Supella longipalpa 2 78 24 30.7 (20.8—41.6)
Location sampling

Hospital and Health Center 36 3,418 740 23.2 (15.2-32.2)
Dwelling Localities and Household 26 2177 579 29.6 (20.8-39.1)
Dormitory and Hostel and Hotels 4 118 41 35.1(15.9-56.9)
Confectionary Premises 1 45 11 24.4 (12.9-39.5)
Collective Catering and Food-Industry 22 2035 373 16 (12.9-19.3)
Urban Semi-Urban Rural Communities 1 246 32 13 (9.1-17.9)
Human Dwellings and Hospitals 3 201 29 12.1 (1.3-30.4)
Hospital and Dormitory 2 156 15 8.3 (4.1-13.5)

Data are presented as the number of datasets, total cockroaches screened, E. coli-positive samples and pooled prevalence (95% CI) from a random-effects model.
Subgroups were defined by anatomical site (external, internal, both), cockroach type/species, and sampling location. Studies contributing multiple rows represent
separate subgroup estimates.

Abbreviation: CI, confidence interval
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Fig. 2. Funnel plot for assessment of publication bias in the meta-analysis of Escherichia coli prevalence in cockroaches

Discussion

Cockroaches are prevalent insects infesting
human habitats, including homes, hospitals and
restaurants. There is a discernible increasing
trend in cockroach infestation (10). Cockroach-
es serve as ideal carriers for transmitting path-
ogenic microorganisms by feeding on secre-
tions, excretions and other human waste with-
in hospital units (33, 51).

The pooled estimates are based on 39 stud-
ies (95 datasets), providing a robust sample
size for meta-analysis. The global prevalence
of E. coli contamination was estimated at 22.6
% (95% CI: 18.5-27.0%). However, substan-
tial heterogeneity (I>= 95.0%) and variability
in study quality suggest that findings should be
interpreted with caution. Sensitivity analyses
confirmed the robustness of the overall esti-
mate, with no single study disproportionately
influencing the pooled prevalence. Previous
studies confirm that cockroaches harbor a wide
range of opportunistic bacteria, underscoring
their role in pathogen transmission (4, 9, 52, 53).

For instance, Jalil et al. identified nine bac-
terial genera in cockroaches, with coagulase-
negative staphylococci and E. coli most common

in home samples, while Bacillus species were
more frequent in restaurants (8). The findings
highlight the significance of American and
German cockroaches, which are more preva-
lent in hospitals as sources of bacterial con-
tamination. The estimated prevalence in Amer-
ican cockroaches was higher than in German
cockroaches and nearly two-fold higher than
in Oriental cockroaches. The Oriental cock-
roach is primarily found in temperate regions
(54). A higher frequency of E. coli was ob-
served in brown-banded cockroaches, although
the number of studies was limited. Other stud-
ies also identified American and German cock-
roaches as the most commonly encountered
species (9, 55, 56).

Notably, multidrug resistance has been doc-
umented in bacteria isolated from multiple
cockroach species. Our findings are consistent
with those of Nasirian et al., who reported con-
tamination rates up to 10% in approximately
70% of bacterial contaminants in American
cockroaches. However, our pooled estimate
for American cockroaches (28.4%) is consid-
erably higher, which may reflect differences
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in sampling methods, geographic coverage, or
inclusion of more recent studies (57).

The highest prevalence was observed in S.
longipalpa (30.7%), followed by P. america-
na (28.4%), B. germanica (18.2%) and B. ori-
entalis (11.4%). Fakoorziba et al. (30) also re-
ported significant capacity for pathogenic bac-
teria transmission in B. germanica and P.
americana. Notably, multidrug resistance has
been documented in bacteria isolated from
multiple cockroach species.

The highest prevalence of E. coli was found
on external surfaces, followed by the diges-
tive tract (internal parts). Nasirian et al. (9) re-
ported no significant differences between ex-
ternal and internal parts or between American
and German cockroach species. Cockroaches
can easily move between hospital units, and
external surfaces pose a greater contamination
risk than internal parts, with more severe clin-
ical implications. The results of another study
also indicated a higher prevalence of Ameri-
can cockroaches in clinical environments (52).

Healthcare settings provide warm, concealed
spaces and interconnected structures that fa-
cilitate cockroach proliferation and bacterial
spread (33, 58). The increased frequency of
American and German cockroaches in such
environments is a particular concern, as they
may transmit clinically significant and multi-
drug-resistant E. coli to vulnerable patients,
potentially leading to HAIs (59, 60).

Additionally, species-specific differences
in endosymbiont carriage, such as the pres-
ence of Wolbachia in B. germanica but not P.
americana (61), could potentially influence sus-
ceptibility to E. coli colonization, given that
Wolbachia can modulate antibacterial immun-
ity in some insects (62). However, as this pro-
tection is not universal across species (63),
further research is warranted to clarify its role
in cockroach pathogen carriage.

Notable regional variations were observed,
with the highest prevalence in Pakistan (64.0
%), Tanzania (52.6%), Uganda (48.2%), Mo-
rocco (41.7%) and Iran (35.8%), while the low-
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est estimates were from China (5.4%), Taiwan
(7.7%), Tunisia (7.5%) and Ethiopia (8.0%).
These disparities may be attributed to socioec-
onomic conditions, sanitation infrastructure,
hygiene practices and public health interven-
tions (29, 64—67). These findings have direct
implications for public health policy, particu-
larly in hospital settings. The high prevalence
on external surfaces (26.5%) suggests physi-
cal contact with contaminated surfaces or food
may be a relevant transmission route. Infec-
tion control programs should incorporate rou-
tine entomological surveillance, targeted pest
control and staff training on vector-borne in-
fection prevention. In resource-limited regions
with higher prevalence estimates (for example:
Pakistan, Tanzania, Uganda), such measures
are especially urgent. Policymakers should pri-
oritize integrated vector management as part of
national antimicrobial resistance action plans.

Several limitations should be considered.
Substantial heterogeneity (I>= 95.0%) was ob-
served, likely due to variations in sampling
methods, cockroach species, diagnostic tech-
niques and geographic settings, which may af-
fect generalizability. Additionally, regional bi-
as exists, with most studies originating from
Iran and Nigeria, limiting representativeness
of other regions.

Conclusion

This meta-analysis provides a global esti-
mate of E. coli contamination in cockroaches,
with the highest prevalence on external sur-
faces (26.5%), in P. americana (28.4%), and
in dormitory/hostel/hotel settings (35.1%). How-
ever, due to substantial heterogeneity (I>> 95
%) findings should be interpreted cautiously.
The results highlight the potential role of
cockroaches in transmitting E. coli, partic-
ularly in healthcare settings. Future research
should adopt standardized diagnostic methods,
include under-represented regions, and use lon-
gitudinal designs. Integrated pest management
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strategies may be considered, though their ef-
fectiveness requires further evaluation.
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