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Background: There is a pressing need for global surveillance of ESBL-producing Escherichia coli due to its health
impacts, travel and increased antibiotic use during the COVID-19 pandemic. This systematic review and meta-
analysis aimed to summarize evidence investigating the global prevalence of ESBL E. coli.

Methods: Four databases, including Embase, MEDLINE, PubMed and Web of Science, were searched for quanti-
tative studies that reported prevalence data of faecal carriage of ESBL-producing E. coli published between 23
April 2021 and 22 April 2024. Meta-analysis was performed using the inverse variance heterogeneity model.

Results: Of the 25 studies (13901 unique participants) included for final analysis, the overall pooled prevalence of
ESBL E. coli was 25.4% (95% CI, 19.7%-31.2%). The pooled prevalences of ESBL E. coli in healthy individuals in com-
munity settings and inpatients in healthcare settings were 23.4% (95% CI, 14.7%-32.2%) and 27.7% (95% (I,
18.8%-36.7%), respectively. Nearly one-third of the included studies (32%) were from the Western Pacific Region.
There was a significant between-group difference for studies with different WHO regions and healthcare contact.

Conclusions: The pooled prevalence of ESBL E. coli remains high and there was a significant between-group dif-
ference for different WHO regions, with the highest being in Asian regions. Standardized surveillance of anti-
microbial resistance and antibiotic stewardship especially in these regions are needed to enhance the control

of this global emergency.

Introduction

Infections caused by ESBL-producing Enterobacterales are of
great concern, particularly since these organisms have been in-
creasingly implicated in both community-acquired extraintest-
inal infections® and hospital-acquired infection.” The WHO has
updated the Bacterial Priority Pathogens List in 2024 to include
third-generation cephalosporin-resistant Enterobacterales as
one of the Critical Group bacterial pathogens.? Infections caused
by ESBL-producing Enterobacterales account for higher morbidity
and mortality rates compared with those due to less resistant or-
ganisms.* Although hospital outbreaks of ESBL-producing bac-
teria due to contamination of common facilities such as toilets
occurs,” a recent molecular epidemiology study showed that
the infections in hospitalized patients are primarily acquired
from community colonization.®

Given this healthcare and infection control emergency, the fo-
cus of this meta-analysis is the global prevalence of human intes-
tinal carriage of ESBL-producing Escherichia coli. Intestinal
carriage of ESBLs E. coli often precedes systemic infection, and
treatment will involve antibiotics such as carbapenems as the
bacteria are resistant to previously used broad-spectrum antibio-
tics. There is a pressing need for global surveillance of ESBLs be-
cause of their health impacts, the frequency of international
travel and a much high prevalence of ESBL-producing bacteria
in the developing regions of the world.” A previous study found
the rate of human intestinal ESBL E. coli carriage in both commu-
nity and healthcare settings worldwide was 21.1% in patients in
healthcare settings and 17.6% in healthy individuals in the com-
munity during the period from 2020 to 2021.% The intestinal car-
riage of ESBL E. coli is usually asymptomatic and persistent;’
however, previous study has shown the association of faecal
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carriage with ESBL E. coli infections.'® The higher rates of human
faecal ESBL E. coli carriage in hospital settings compared with the
community may be attributable to the use of antibiotics.!
Furthermore, antibiotic-mediated dysbiosis in the gut and loss
of colonization resistance could facilitate the transmission of
ESBL E. coli in the hospital setting via patients and the environ-
ment. The veterinary use of antibiotics is also a major driver of
carriage of ESBL-producing organisms in the community. A study
found that there were many commonly shared ESBL genes, in-
cluding blacrx-m-14, blacrx-m-27, blacrx-m-ss5 and blacrx-m-es, in hu-
man faeces and urine samples, food-producing animals and
retail meat in China,? suggesting horizontal spread of the organ-
ism. ESBL E. coli is the indicator organism used by the WHO for
global monitoring under the One Health approach to combat
antimicrobial resistance (AMR).'? In the post-COVID-19 erq, there
has been an increase in the incidence density of resistant
Gram-negative organisms including ESBL Enterobacterales.'”
The high level of antibiotic prescriptions during the COVID-19
pandemic, despite the low proportion of patients with confirmed
bacterial infection, is likely to have had an effect on ESBL rates.'®
Although many studies have reviewed the prevalence of human
intestinal carriage of ESBL-producing E. coli in different settings,
no systematic review or meta-analysis, to our knowledge, has de-
termined the global prevalence of human intestinal carriage of
ESBL-producing E. coli following the COVID-19 pandemic. The
aim of this meta-analysis, therefore, was to determine the global
prevalence of human intestinal carriage of ESBL-producing E. coli.

Methods

This meta-analysis was developed as per the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses®® reporting guidelines. The
study was registered in the PROSPERO International Prospective
Register of Systematic Reviews (CRD42024548720).%7

Data sources

A comprehensive literature search for publications published between 23
April 2021 and 22 April 2024 was completed in Embase, MEDLINE, PubMed
and Web of Science. Search terms were related to organism name, resistance
type, type of faecal specimen and origin of ESBL-producing organism, and
can be found in Appendix S1 (available as Supplementary data at JAC-AMR
Online). Grey literature was searched via Google Scholar using the search
terms and the reference list of included articles.

Study selection

Studies included in the meta-analysis were observational studies and
prospective studies reporting the prevalence of ESBL E. coli. Studies
wereincluded if they included patients (healthcare settings) or healthyin-
dividuals (community setting) of all ages. Study subjects were classified
into four categories by the duration of contact with a healthcare setting
at the time of stool sampling: (i) healthy individuals (in the community);
(i) admitted <48 h; (i) admitted <72 h; (iv) admitted with time of screen-
ing unspecified; and (v) living in nursing care facilities. Studies were in-
cluded if the double-disc synergy test (DDST) was used to confirm ESBL
production, or the presence of ESBL genes was determined by PCR. We in-
cluded original articles written in English and excluded case series, case-
control studies, conference abstracts, theses and reviews. Studies that
reported prevalence of faecal ESBL E. coli among patients with recurrent
urinary tract infection were excluded. We also excluded studies of ESBL
E. coli carriage in returning travellers from countries with a high

prevalence or among household contacts of colonized individuals, those
involved with non-human study subjects or non-faecal samples, and
studies that included microorganisms without species identification.

Data extraction

After removing duplicates, titles and abstracts were screened, followed by
full-text screening. Screening was completed by two independent re-
viewers (RW.Y.N. and S.H.L.), with discrepancies resolved via discussion
among the review authors. A data extraction template was developed,
and the following information was extracted for each study: authors,
year of publication, country, WHO area, study design, sample size, study
setting, type of healthcare contact, total number of individuals with stool
sample screening performed, number of ESBL E. coli-positive individuals
among those screened and method of ESBL detection in stool sample.
Included studies were assessed for internal validity and bias risk using
the critical appraisal tool, the Joanna Briggs Institute (JBI) Appraisal
Checklist for reporting prevalence data.'® The JBI tool is found in
Appendix S2. The research team decided that good-quality studies needed
to score >70% (score of >7 of 9), moderate-quality studies needed to score
50% to <70% (score of 5 or 6 of 9), and poor-quality studies scored <50%
(score of <4 of 9). These quality assessment threshold scores have been
used in past reviews.!® Quality assessment was completed on all included
studies by two independent reviewers (R.W.Y.N. and S.H.L.). Any disputes
relating to quality assessment between the reviewers were resolved by dis-
cussion with the senior supervisor (M.L).

Statistical analysis

Data analysis involved determining an overall pooled prevalence of ESBL
E. coli in healthcare and community settings from 25 included studies.?®~4*
All included studies were either cohort or cross-sectional studies.
Subgroup analysis was completed for the general population and
reviewed ESBL prevalence by WHO regions (African Region, Region
of Americas, South-East Asian Region, European Region, Eastern
Mediterranean Region, Western Pacific Region), study design, study set-
tings (community setting or healthcare settings) and ESBL confirmation
method. A meta-analysis could be completed only if there were two
or more studies included in the subgroup. Significance testing between
the subgroups was completed via the 95%ClIs. A random-effects
meta-analysis was chosen for meta-analysis. Statistical heterogeneity
between the studies was evaluated using the I? statistic and Cochran Q
test. Heterogeneity was considered an issue if the I? statistic was >40%
and/or the Q statistic was significant at two-sided P=0.01.*> The Egger
test was used to assess publication bias. Library ‘meta’, ‘metasens ‘ and
‘ggplot2’ for the R environment were used for data analysis.

Results

Atotal of 25 studies met the inclusion criteria and were therefore
included in the meta-analysis. The details of these studies are
listed in Table 1. Figure 1 shows the PRISMA flow diagram.

The meta-analysis included non-duplicate stool samples from
9164 healthy individuals (13 articles in community settings) and
4737 inpatients (12 articles in healthcare settings). There was a to-
tal of 13901 stool samples, with 2238 stools with ESBL-producing
E. coli isolated across these studies. Five studies were conducted
during the COVID-19 pandemic in 2021, with 20 (80%) being pub-
lished after the year 2022. The 25 studies were from 20 countries
and six WHO regions. Three of the included studies reported ESBL
prevalence in the general population, whereas the remaining stud-
ies focused on special patient groups, including paediatric patients
(10 studies) and pregnant women (3 studies). Nearly one-third of
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the included studies (32%) were from the Western Pacific Region
(including China, Taiwan, Cambodia, Japan and Laos), six (24%)
were from the African Region (including Benin, Ethiopia, Kenya,
Zambia, Tanzania and Nigeria), five (20%) were from the Eastern
Mediterranean Region (including Iran, Lebanon and Pakistan),
three (12%) were from the European Region (including Germany,
Norway and Switzerland), two (0.08%) were from the South-East
Asian Region (Indonesia and Nepal) and one (0.04%) was from
the Region of the Americas (Brazil). Table 1 gives study-specific
country detail. Six (24%) studies used both the double-disc synergy
test (DDST) and PCR as the confirmation method of ESBL detection,
whereas 14 (56%) studies used DDST only and 5 (20%) studies
used PCR only.

Quality assessment of the included studies

The JBI quality checklist*® determined that all 25 studies were of
good quality (100%). No studies were excluded from the main
meta-analysis based on the JBI score. The quality assessment
scores for each study are in Table 1.

Meta-analysis base case results

The pooled prevalence of human intestinal carriage of
ESBL-producing E. coli in healthcare settings and community set-
tings was determined. Figure 2 shows that the overall pooled
prevalence of ESBL E. coli in healthcare and community settings
was 25.4% (95% CI, 19.7%-31.2%, I?=99%). Publication bias
as reported in Figure S1 showed major asymmetry [Luis Furuya-
Kanamori (LFK) index = 7.12].

Subgroup analyses were completed in which WHO region,
study design, study settings (community and healthcare set-
tings), ESBL confirmation method and type of healthcare contact
(healthy individuals in the community, admitted to hospital with
admission time unspecified, admitted £48 h, admitted <72 h,
long-term care facilities) were reported separately. Figure 3
shows a significant between-group difference for studies with dif-
ferent WHO regions (P<0.01). The highest pooled prevalence was
observed in the South-East Asian Region, whereas the lowest was
in the European Region. Figure 4(a) shows the prevalence of ESBL
carriage reported in studies with different types of healthcare
contact. Figure 4(b) shows that there were subgroup differences
for studies with different healthcare contacts (P<0.01).

The pooled prevalence of ESBL E. coli in healthy individuals in
community settings was 23.4% (95% CI, 14.7%-32.2%).
Thirteen studies were included in the meta-analysis: two studies
apiece from Iran and Japan and one study each from Benin,
Brazil, Cambodia, China, Germany, Nepal, Norway, Taiwan and
Zambia. Ten studies were cross-sectional and three were pro-
spective. Furthermore, the pooled prevalence of ESBL E. coli in
inpatients in healthcare settings was 27.7% (95% CI, 18.8%-
36.7%). Twelve studies were included in the meta-analysis: two
studies from Taiwan and one study each from Central Ethiopia,
Indonesia, Iran, Kenya, Laos, Lebanon, Nigeria, Pakistan,
Switzerland and Tanzania. Ten studies were cross-sectional and
two were prospective. There were no statistically significant sub-
group differences in terms of study design, study settings (com-
munity setting or healthcare settings) and ESBL confirmation
method. Figure 5(a) shows the global map of ESBL E. coli

prevalence in the WHO regions based on the results of the current
study.

Figure S2 provides a sensitivity analysis as demonstrated by
the leave-one-out test, which suggested that the results were
generally robust.

Discussion

This systematic review and meta-analysis comprehensively sum-
marized the available literature and assessed the current situ-
ation regarding the global prevalence of faecal carriage of
ESBL-producing E. coli during and after the COVID-19 pandemic.
The overall pooled prevalence of ESBL E. coli was 25.4% (95% Cl,
19.7%-31.1%). The pooled prevalences of ESBL E. coli in healthy
individuals in community settings and healthcare settings were
23.4% (95% CI, 14.7%-32.2%) and 27.7% (95% CI, 18.8%-
36.7%), respectively. The finding of a higher pooled prevalence
of ESBL E. coli in healthcare settings is consistent with the results
from a previous study.® In contrast, our study showed a trend of
further increase in the pooled prevalence of ESBL E. coli in both
community and healthcare settings. A previous meta-analysis*®
showed a higher prevalence of ESBL E. coli, 31% in India and
42% in Pakistan. In contrast to our current study, this earlier
meta-analysis included prevalence studies of ESBL-producing or-
ganisms isolated from clinical specimens and confirmed by PCR
only. Overuse of antibiotics during COVID-19 may be one of the
important contributing factors. The consumption of antibiotics
during the COVID-19 pandemic increased tremendously in
Brazil,” Lebanon,*® Spain,*® Italy,® India,”* the UK>? and the
USA.>3 Increased exposure to antibiotics leads to AMR.>* An in-
crease in resistant Gram-negative bacteria was reported during
COVID-19 compared with the pre-pandemic period.”®> A higher
prevalence of MDR organisms and antibiotic use were reported
in low- and medium-income countries, including the Middle
East, South Asia and North Africa.”®

Differences in ESBL carriage rates can be accounted for by the
cultural backgrounds of different members in the population and
the fact that immigrant communities can have much higher
rates of travel to countries with high rates of community carriage,
resulting in their colonization. The prevalence of CTX-M
ESBL-producing Enterobacterales in England was 7.3% overall,
but with a particularly high prevalence for those born in
Afghanistan (60%) and travellers to South Asia (38.5%).%’
Caution is required in the interpretation of studies of ESBL preva-
lence that reported a single carriage rate without investigation of
the travel history of the subjects.

Excessive use of antibiotics in various sectors, including agri-
culture, livestock and human medicine, is another contributor
to the development of AMR under the concept of One Health.”®
The use of antibiotics in livestock for growth promotion and dis-
ease prevention may contribute to development of AMR in ani-
mals and subsequent transmission to humans via the food
chain.®® A recent study showed significant associations were
identified between animal antimicrobial consumption and AMR
in food-producing animals and between human antimicrobial
consumption and AMR specifically in WHO critical priority and
high priority pathogens.®® Efforts from multiple stakeholders, in-
cluding healthcare professionals, veterinarians, researchers and
policymakers are required to combat AMR.

30f12


http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaf001#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaf001#supplementary-data

Ng et al.

1DBOWOUHD sjpnpiAIpul bumas 6107
6 9AI109)95-1957 g ¥4 Yads AyypaH Ayunwwo)  aARdadsold 610C -810¢ Aupwiuen o 39 yizupwAs  uoibay unadoing
1Sdd
Jobo S|pNPIAIPUI buinyes 8107
6 A94U0DID H'e z 86 AypaH AJUNWIWIO) |DUONRDIS-SSOI) 8107 -/107 biqwpz g7 10 19 DSUDM uoibay updLyy
spoylow
JuaIpoib diis
Jobo ‘1sqqg
9p)d 203 yeL> 6102 uoibay
8 J0BDNOYHD 10T L€ 6L1 pollWpY  2JDDYIDSH  dAIRdRdsold 810¢ -910C  upMID| 71038 buay) J110Dd UI9ISSM
ugh3 uoibay
8 40d ‘1saaq 7'y 4/ 66 pa)iwpy  3JDDYJD3H |DUOIID3S-SS04) 810¢ 810¢ Dissuopuy 97 10 32 Yoyns upIsy 1sb3-yinos
(pany1dads
10U bulusaIDS
joawn) €107 71019
8 1saa €y 081 90% palliWpy  9JDOYJDSH |DUOIIDSS-SS04) 10t -110z  phAusy  ssbupipg-biaquiol uolbay updUyY
uoibay
S|PNpIAIpUL bunias UD3UD.IIPAN
8 1saa L91 15 S0€ AyyosH  Ajunwiwo) 1PUOIIIPS-SS0I) L10¢ L10¢ uoil  ,.Ip 32 YapozqiqoH uJ91s03
15daa
Blslels) ugv3 120z pidoiyig
3 EN[lepRlalY 6°G¢ 06 L7¢E palliwpy 9JDJY]ID9H  |DUOI1295-SS01) 1¢0¢ -0¢0¢ 1oAuUs) ¢z 10 19 91N3USYS uo1bay updLYY
42d ‘1saaq
16wz
2aWIXD10J3
Yim
paiuswaiddns S|pNPIAIPUI bumes 9107 703 uoibay
6 sa1p]d »ys1pbuQ S/ SIS €y Aynoay AJUNWWO) DUOIDBS-SS0ID) 9107 -G10Z Dlpoquin) auuUDZND7 9 J1419Dd UJISISIM
(paydads
¥Dd 10U buludaIDS uoibay
1591 JsIp 4O awin) 1Z1P 18 UD3UDLIAIPAN
L uonpuiquio) STy 6% 811 paliWpy  2JDDYJDSH |DUOIIDSS-SS04) 0¢0¢ 0¢0¢ upJ1 upbappzyBION wie3sng
ddd ‘1sad
(w/bri %)
9WIXDJ0}3D
Yim
paiuawalddns
Jobo S|PNPIAIPUI bunias
3 N[V lepRlalY jyad 99 96¢ AuynosH Ayunwiuwio) |ou011985-5501) €¢0¢ €¢0¢ ulusg 0z 1P 19 Ifpuoiuig uoibay updLY
2403S  AJOIDWIUOD 9 ‘91Dl pauaaJds (9)dwins 10DU0D buinyes ubisep Apnis  Apnis jouoak  Apmis  Aiuno) auwpu Apnis D340 OHM
Anonp  ‘buiusaids  abpuIpd Buowp 1001s) 9ID2Y1|0oH Apmis (papwixoiddp)  jo
‘(91dwps 1001s)  1j02 '3 S|pnpIAIpuUl pau2aJds abniany IDBA
uoda1dp 1gs3  19S3 dnlisod-fjod '3 s|jpnpiAlpul
Jopoysi  |pIspd 1853 40 Jaquinu
40 JaqUINN o101

sISAIDUD-DIBW BY] Ul PSPNJDUI SAIPNIS G7 1D J0J 3]gD] UONDDIIXS DIDQ T d1qpL

4of 12



R

J

Global prevalence of ESBL-producing E. coli carriage

*AI1904 9402 WIS3-BbUO] ‘4717 9593 AbIsuAs dsip-aignop ‘15aad

15aa “19s3
qrwoiy)

15aa
inbo

A9U0D2D
40d
Jobo

A93u0)2D

1sad
dod

1sdad
dod
dod

1sdad

15aa
Jobo

Jiusbowoly)

¥dd ‘1sad

1sad

4dd ‘1saa
d0d ‘1saaq
Jobp 1953
10BOWOAHD
15aa
saiod
Juabowloiy)

1Saa
s9101d

S0t

%L 7€

S'L

L'T¢

L'1E

¢l

881

9¢

€L

L6

0%S

681

ey

8'GE

474

0s

LY

9L

€S

99

€l

8¢

081

(0]

€S

7L1

S¢

€ed

81T

eove

ad"

€29

(013

661

80¢

(0[0]

61

666%

LET

%S

443

(43"

(0

(0133

4211

Y 8v3
penIWpY

sjpnpiAipul
AynosH
(paydads
10U buIudaIOS
Joawn)
panIupy
s|pnpiAipul
AynosH
s|onpiApul
AynpeH
yzL>
panIupy
s|pnpiAIpul
AynosH
sjonpiApul
Ayyoay
(paydads
10U buludaIDS
joauwn)
po1IWPY
SIpnpIAIpUI
AyoaH

yeL>
paniwpy
(pany1dads
J0U buludaIIS
Jo aw)
paniwpy

S|pNpIAIpUL
AynosH

s|onpinpul
AynoeH

2JD2Y3|DaH

2J0JY}|DaH

bunias
Ajunwuwo)

2J02y3|DaH
bunias

Ajunwuwo)
buines

Ajunwiwio)

2J02y3|DaH
bunias

Ajunwuwio)
bunias

Ajunwuwo)

94D2Y1]09H
buines
Ajunwuwio)

9JDJY}|D3H

9J0JY}|DaH

bunias
Ajunwuwio)

bunias
Ajunwiwio)

|DUOI1293S-5S0J1)

|PUOI1D9S-SS01)

]DUOI]109S-SS0J1)

|PUOI1D3S-SS0J)

9A1123ds0.d

]0U011235-5504)

aA30adsold

9A1123ds04d

J0UOI11235-5504)

|PUOI}O3S-SS0J)

J0UOI1235-5504)

|PUOI1D3S-SS0J)

]DUOI}D3S-SS04)

]DUOI]109S-5S0J1)

|PUOI}D9S-SS01)

§10¢

€coc

L10¢

910¢

0c¢o¢

L10¢C

610¢

0c¢o¢

910¢

610¢

L10¢C

610¢

0¢0¢

810¢

1coc

0¢0¢

-0T07 PupPUaZIMS

€¢0¢

610¢
-S10¢

910¢
[aderé
-610¢

L10¢C
610¢
1¢0¢
-0¢0c¢

910¢
-§10¢

610¢
610¢
-510¢

610¢

0¢0c¢

810¢

1¢o¢

pLbIN

iznig

DIUDZUD|

uDMID|

|odaN

UDMID]

upndor

AbmioN

Reley

upndor

uDnISHOd

uounga

upJ1

DU

¢¢.~D o
Hbupyosiopy

¢4'10 39 1WOADQY

N.LO 1o

sanblpoy oyuld ap

110 18 DID1]
o 10 38 BuDNYD
¢ 0 39 D}OXdDS
I DRV
,¢'1D 19 DIDMDY|

oc 0 19
1961399519440y

<10 19 19UNMas

41D 13 INSD

££10 19 1ysaInd

2610 38 yauyboy

1¢10 38 1uospyifoH

CRERY

uoibay ubadoing

uolbay updLyy

spolBaWY
a3 Jo uoibay

uolbay UpdUNY
uolbay

J1J120d WIS
uoibay

ubisy 1SD3-yNos
uoibay

11204 UI9ISIMN
uolbay

J1J120d WIS

uoibay ubadoing

uoibay

J1J120d UI9ISIM
uoibay

J1J12Dd WI9ISIM
uoibay
UD3UDLIDNPIN

ulaisn3

uoibay

UDSUDLISHPA
ula3sn3

uoibay

UDRUDLISNPIN
ulaisn3

uoibay
J1JI2Dd UISIS3MN

5o0f 12



Ng et al.

Studies from databases/registers (n = 734)
o Embase (n = 251) r
i
Eg PubMed (n = 221) Duplicate studies excluded by Covidence (n = 287)
5
= Web of Science (n = 164) L
MEDLINE (n = 98)
[ ( \:/ 1
‘ Title and abstract screened (n = 447) i S Studies excluded (n = 305)
. |
=
o
3 ‘
3]
A
. :
. Studies excluded (n=117)
Full-text screening (n = 142) =
Preprint (n = 2)
Data not extractable (n = 100)
— Article not in English (n = 1)
Duplicate studies found manually (n = 14)
-]
o
=
2
o
L
Studies included in review (n = 25)

Figure 1. Study flow diagram.
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Figure 2. Overall pooled prevalence of human intestinal carriage of ESBL E. coli in healthcare and community settings. Squares represent the preva-
lence of human intestinal carriage of ESBL E. coli for each study. Error bars indicate the 95% Cls. The diamond represents the overall prevalence.

6 of 12



Global prevalence of ESBL-producing E. coli carriage

JAR

Study Country

Mwansa et al.(2022) Zambia 2
Letara et al. (2021) Tanzania 76
Sintondji et al.(2023) Benin 66
Shenkute et al. (2022) Central Ethiopia 90
Abayomi et al. (2024) Nigeria 50
Tornberg-Belanger et al. (2022) Kenya 180
Sewunet et al. (2022) Laos 10
Masui et al. (2022) Japan 53
Lin et al. (2024) Taiwan 13
Kawata et al. (2023) Japan 28
Cheng et al. (2022) Taiwan 37
Chuang et al. (2023) Taiwan 53
Liu et al. (2022) China 118
Lauzanne et al. (2022) Cambodia 315
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Hajihasani et al. (2022) Iran 233
Qureshi et al. (2021) Pakistan 174
Raffelsberger et al. (2023) Norway 180
Symanzik et al. (2022) Germany 28
Martischang et al. (2021) Switzerland 252
Rodrigues et al. (2022) Brazil 47
Sapkota et al. (2021) Nepal 66
Sulikah et al. (2022) Indonesia 42
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Figure 3. Prevalence of human intestinal carriage of ESBL E. coli for different WHO regions. Squares represent the prevalence of human intestinal car-
riage of ESBL E. coli for each study. Error bars indicate the 95%Cls. The diamond represents the overall prevalence.

Ourresults showed that the highest pooled prevalence was ob-
served in the South-East Asian Region, whereas the lowest was in
the European Region. This finding was also consistent with a pre-
vious study (Figure 5b).% There has been a worrying increase in
AMR in the South East Asian Region, particularly in Bangladesh,
India, Indonesia, Nepal, Sri Lanka and Thailand.®? Lack of aninfra-
structure of laboratories and standardized surveillance protocols
may account for an under-recognition of the severity of resist-
ance.®® Development of national networks of laboratories for
AMR surveillance is a priority for the international community.
The WHO has recently developed the Global Tricycle Surveillance
programme, monitoring ESBL E. coli across the human, animal
and environmental sectors to facilitate the establishment of the
integrated multisectoral surveillance of AMR. Our study provides
critical baseline data for future surveillance of faecal carriage of
ESBL E. coli in the global community.*?

This meta-analysis has several limitations. First, most of the
studies were from the Western Pacific Region, which may lead
to bias and lack of certainty in generalizing the results to other re-
gions. Second, heterogeneities between the examined studies
warrant attention. The study population differed to a certain de-
gree; for example, some studies focused on specific individuals,
eight studies included children, two studies included pregnant

women, one included the elderly, and others had a broader
demographic focus. Although we performed a rigorous sensitivity
analysis to validate the results, a potential association between
study heterogeneities and the pooled effect remains. Third, varia-
tions in the method of ESBL confirmation including use of PCR
could potentially lead to overestimation of ESBL prevalence.
Fourth, the small number of studies included in some of the
groups may have biased some subgroup analysis results.®* Fifth,
the low number of studies in some subgroups and the range of
sample sizes of included studies alongside the higher rate of
ESBL prevalence in inpatients admitted £48 h may lead to bias
in prevalence estimates and accuracy of the results. Sixth, only
English-language articles were included, which may have led to
language bias due to selection of reports published in English
language.

Conclusions

The findings of this meta-analysis show that the pooled preva-
lence of ESBL E. coli remains high, and there was a significant
between-group difference for different WHO regions, with the
highest being in Asian regions. The inappropriate use of antibio-
tics may account for the finding during the COVID-19 pandemic
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Figure 4. (a) Bar graph showing prevalence of human intestinal carriage of ESBL E. coli with different types of healthcare contact. (b) Prevalence of
human intestinal carriage of ESBL E. coli with different types of healthcare contact. Squares represent the prevalence of human intestinal carriage
of ESBL E. coli for each study. Error bars indicate the 95% Cls. The diamond represents the overall prevalence. LTCF, long-term care facility.
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Figure 5. (a) A global map of ESBL E. coli prevalence based on the current study. (b) A global map of ESBL E. coli prevalence based on a previous study by
Bezabih et al. (2022).8 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9160884/). k, k refers to the number of studies.

but there may be continued overuse. Standardized surveillance of
AMR and antibiotic stewardship programmes are urgently
needed for control of this healthcare emergency. Furthermore,
due to complexities in the population characteristics, travel his-
tory and nosocomial outbreaks in estimating the ESBL preva-
lence, further research is warranted to identify the best
methodologies to determine the human intestinal carriage rates
of ESBL in different geographical regions of the world.
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