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A significant proportion of urinary tract infections 
(UTIs), typically affecting kidney transplant patients 
(KTPs), is attributed to the presence of extended-spec-
trum β-lactamases (ESBLs) and multi-drug resistance 
(MDR) in Escherichia coli strains. For this reason, the 
current meta-analysis was conducted to summarize the 
frequency of ESBL-producing UPEC among KTPs. 
A systematic search was conducted to identify studies 
in the Web of Science, PubMed, Embase, and Scopus 
electronic databases between 2000 and 2021. Finally, 16 
articles were selected for data extraction, and meta-
analysis was performed using the metaprop command 
in the STATA (version 11) software.
From those studies, the pooled prevalence of ESBL-
producing uropathogenic E. coli (UPEC) isolates was 

40%. The subcategory analysis results based on conti-
nent indicated that Asian countries had the highest rate 
of ESBL-producing isolates with 45%, followed by 40%, 
28%, and 16% in Europe, South America and North 
America, respectively. 
Uncomfortably, high level of UPEC isolates in the current 
investigation was ESBL-producing isolates. These iso-
lates pose a high serious threat to public health because 
they can contribute to the spread of antimicrobial resis-
tance in the local population and hasten the ineffective-
ness of the majority of commonly prescribed antibiotics 
for the treatment of UTI in KTPs and other patients.

Keywords: Uropathogenic Escherichia coli, kidney trans-
plant patients, ESBL, KTP

SUMMARY

n INTRODUCTION

Urinary tract infections (UTIs) have been de-
scribed to occur in 20% to 80% of kidney 

transplant patients (KTPs) in the first year after 
transplantation. In this period, UTIs are the most 
common cause of infectious consequences [1]. In a 
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kidney transplant recipient, UTI can manifest as a 
fever, urosepsis, or an asymptomatic elevation in 
serum creatinine [2].
Different risk factors for UTIs following kidney 
transplant have been found, and they are likely to 
enhance the incidence of UTIs. These include age, 
diabetes, female gender, a history of acute renal 
failure, longer dialysis periods, medical manipula-
tion during transplantation, urological disorders, 
as well as the immunosuppression level and se-
verity [2-5].
The most common clinical isolates in UTI pa-
tients after Kidney transplantation (KTx) are E. 
coli isolates, notably the uropathogenic E. coli 
(UPEC) pathotype [6, 7]. UPEC strains adhere to 
epithelial cells in the bladder, causing pyelone-
phritis and cystitis. Pyelonephritis can also im-
pact renal transplants, resulting in potentially 
fatal urosepsis [8, 9].
A substantial proportion of UTI usually impacting 
KTPs is caused by extended-spectrum β-lactama-
ses (ESBLs) and multi-drug resistance (MDR) of E. 
coli strains [10]. ESBLs are a rapidly expanding cat-
egory of plasmid enzymes that confer resistance to  
cephalosporins (first-, second-, and third-genera-
tion) penicillins, and aztreonam. The production 
of CTX-M, SHV, and TEM β-lactamases causes this 
occurrence [11]. The blaCTX-M, blaSHV, and blaTEM 
genes are the most frequent ESBL-encoding genes, 
respectively [12]. Several findings indicate that 
CTX-M-type ESBLs are currently the most com-
mon plasmid-mediated β-lactamases worldwide 
[13, 14]. The term CTX refers to these β-lactama-
ses’ strong hydrolytic ability toward cefotaxime 
and are not very correlated to SHV or TEM β-lacta-
mases [12]. β-lactamase inhibitors like tazobactam 
and clavulanic acid can inhibit ESBLs [15]. 
In some patients, antibiotic-resistant bacteria 
cause recurrent UTIs following transplantation 
[8]. UTIs induced by ESBL-producing E. coli are 
typically related to increased morbidity and death, 
as well as increased healthcare expenses [16]. Nu-
merous studies have reported different frequency 
estimates and there has been no attempt to pool 
these findings to establish a reliable frequency ap-
proximation for ESBL-producing UPEC among 
KTPs. In 2017, a meta-analysis of observational 
studies found that 10% of KTPs experienced a UTI 
caused by Enterobacteriaceae that produces ESBL 
[17]. However, several original articles have been 
published since the release of that meta-analysis. 

Therefore, a complete meta-analysis summarizing 
all known findings in this field is required. As a 
result, the current meta-analysis was conducted to 
summarize current evidence on the frequency of 
ESBL-producing UPEC among KTPs in all ages.

n MATERIAL AND METHODS

Search strategies
The report of the present study followed the pre-
scribed guidelines of the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) protocol (Supplementary Data). The 
electronic databases Web of Science, PubMed, 
Scopus, and Embase were used to conduct a sys-
tematic literature search. The search was limited to 
the articles published to the end of December 
2021. The following terms, “Escherichia coli” OR 
“E. coli” OR “UPEC” OR “uropathogenic E. coli” 
OR “uropathogenic Escherichia coli” AND “ESBL” 
and “kidney transplant” OR “renal transplant” 
OR “renal failure “OR  “kidney receivers”, with-
out country restriction, were searched as scientific 
keywords and phrases in the present survey.

Inclusion and exclusion criteria
To minimize the risk of errors and meet the inclu-
sion criteria, two authors (S.N and M.H.) inde-
pendently screened articles, considering relevant 
titles, abstracts, keywords, and full texts. Any dis-
crepancies that emerged during this process were 
resolved by involving involving a third author.
This study reviewed the following articles: 
cross-sectional, retrospective, and cohort studies 
reporting the frequency or prevalence of ESBL in 
uropathogenic E. coli isolated from KTPs. We in-
cluded only published articles worldwide with  
with English abstracts. Editorials, case report 
studies, letters to the editors, congress and meet-
ing abstracts, studies with fewer than ten isolates, 
studies with samples from environmental or non-
clinical sources, articles without full text, dupli-
cate publications, and articles with unclear and 
missing data were excluded.

Quality assessment and data extraction
Joanna Briggs Institute references were used to ex-
tract five criteria for assessing worthiness and 
quality, and any discrepancies were resolved by 
consensus [18]. The data extracted from eligible 
studies were: author names, publication year, and 
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must be deleted time of testing, study location, 
characterization of the studied population, sample 
size, and prevalence or frequency of ESBL.

Statistical analysis
Analysis of data was carried out using the metap-
rop command in STATA statistical software, ver-
sion 11.0 (Stata, College Station, TX) [19]. The 
pooled frequency of ESBL among KTPs with 95% 
confidence intervals (95% CIs) were estimated 
through the random effects model. The score 
method method was used to calculate the CIs for 
proportions in this meta-analysis. Based on 
Cochrane I2 and Cochrane Q, statistical heteroge-
neity between studies was calculated. A funnel 
plot, Begg’s rank correlation test, and Egger’s 
weighted regression test were used to evaluate po-
tential publication biases [20]. Any asymmetry in 
the funnel plot or a p<0.05 in the test was indica-
tive of statistically significant publication bias [20]. 
Meta-regression analysis was used to determine 
possible sources of heterogeneity, and subcategory 
analysis was accomplished based on the study’s 
region (location) and patient types [21].

n RESULTS

Based on our comprehensive search, a total of 16 
cross-sectional hospital-based studies that met 
the eligibility criteria (as depicted in Figure 1) 
were included in the meta-analysis. These stud-
ies were conducted between the years 2006 and 
2021 [1, 6, 7, 11, 16, 22-32]. 
Figure 1 presents the searching procedure to se-
lect eligible studies. Of the 16 included studies, 
10 studies reported the prevalence of ESBL-pro-
ducing isolates from adult patient. Moreover, six 
studies were performed on both groups of pa-
tients, adults and children. 
These studies were from Spain (three studies), 
Iran, (two studies), Turkey (two studies), Portu-
gal (one studies), Germany (one studies), Canada 
(one studies), UK (one studies), Pakistan (one 
studies), Brazil (one studies), China (one studies), 
and USA (one studies). The full characteristics of 
the involved studies are shown in Table 1. Also, 
the worldwide distribution of ESBL-producing 
UPEC isolates of the involved studies showed in 
Figure 2.

Figure 1
Flow chart of the study 

selection.



469ESBL-producing uropathogenic E. coli among KTPs

Table 1 - Key characteristics of studies included in the meta-analysis

Author
Year of 

publication
Country

Type of  
patients

Number of  
patients evaluated

No. UPEC ESBL

Valera et al. 2006 Spain Children, Adults – 41 10

Parapiboon et al. 2012 Thailand Adults 74 19 10

Vidal et al. 2012 Spain Adults 206 118 31

Ak et al. 2013 Turkey Children, Adults – 43 25

Azap et al. 2013 Turkey Adults 407 96

Bodro et al. 2015 Spain Adults 174 66 13

Espinar et al. 2015 Portugal Adults 98 50 32

Brakemeier et al. 2017 Germany Adults 93 63 52

Delmas-Frenette et al. 2017 Canada Adults 147 90 7

Al Midani et al. 2018 UK Children, Adults 198 94 24

Halaji et al. 2020 Iran Children, Adults – 46 20

Najafi khah et al. 2020 Iran Children, Adults – 60 20

Hamid et al. 2020 Pakistan Adults 72 32 7

Freire et al. 2020 Brazil Adults 787 165 47

Wang et al. 2021 China Adults 510 64 47

Velioglu et al. 2021 USA Adults 102 52 33
UPEC: uropathogenic Escherichia coli; ESBL: extended-spectrum β-lactamases.

Figure 2 - The worldwide distribution of ESBL-producing UPEC isolates of the involved studies.

Prevalence of ESBL-producing UPEC  
isolates among KTP
From those studies, the pooled prevalence of ES-
BL-producing UPEC isolates were 40% (95% CI: 
29–51) (Figure 3). There was significant heteroge-

neity among the 16 studies (χ2=333.38, I2=95.5%, 
p<0.001). The publishing bias funnel plot did not 
reveal any asymmetry. Additionally, the publica-
tion bias was statistically assessed using Begg’s 
and Egger’s tests. 
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Figure 3
Forest plot of the pooled 

frequency in ESBL-producing 
UPEC among KTP.

Figure 4 - Funnel plot for evaluation of publication bias.

There was no significant publication bias, as 
shown by the results of Begg’s (z=1.49, p=0.13) 
and Egger’s tests (t=2.46, p=0.02) (Figure 4).

Subgroup analysis of prevalence of ESBL- 
producing UPEC isolates
The subcategory analysis results based on conti-
nent indicated that Asian countries had the high-
est rate of ESBL-producing isolates with 45% (95% 
CI: 25-65), followed by 40% (95% CI: 25-56), 28% 
(95% CI: 22-36) and 16% (95% CI: 11-21) in Eu-

rope, South America and North America, respec-
tively.
Studies performed in Asia (χ2=40.27; p<0.001; 
I2=90.07%) and Europe (χ2=173.58; p<0.001; 
I2=96.97%) showed significant heterogeneity 
based on the Q statistic and I2 (Figure 5).

Metaregression 
Metaregression results indicated that the frequen-
cy of ESBL-producing UPEC among KTP was not 
significantly associated with year, coefficients: 
0.14436 (95% CI: 0.0009254-0.029798, p=0.08) (Fig-
ure 6). Additionally, no substantial increasing trend 
was observed over time on the estimated pooled 
frequency of ESBL-producing UPEC isolates in the 
included studies.

n DISCUSSION

Despite significant advancements in surgical 
methods and immunosuppressive medication fol-
lowing kidney transplantation, UTI remains the 
most common complication in KTPs, and the pri-
mary cause of UTI in KTPs is UPEC [31, 33].
 Although β-lactam antibiotics are typically used 
to treat infections brought on by E. coli strains, a 
hazard to public health has emerged in recent 
years due to establishment of antibiotic resistance 
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Figure 5
Forest plots of the 
overall frequency of 
ESBL-producing UPEC 
among KTP.

Figure 6
Metaregression  
of the log-event rates  
by year.



472 T. Mostaghimi, H. Shirafkan, S. Nasrollahian, et al.

and the dissemination of MDR- and ESBL-produc-
ing UPEC isolates [34-36].
The incidence of ESBL-producing UPEC among 
KTPs examined from urine samples ranged from 
8% to 83% in international research, according to 
the current analysis. Additionally, the study re-
ported a pooled prevalence of 40% for ESBL-pro-
ducing UPEC. These findings strongly suggest 
that ESBL-producing UPEC is widely distributed 
in KTPs, potentially compromising the effective-
ness of antibiotics in these patients.
According to the meta-analysis study conducted 
by Garousi et al, patients with UTI had a pooled 
frequency of 37.9% for ESBL-producing E. coli [36]. 
In another study conducted by Sadeghi et al. in the 
north of Iran, the frequency of isolates that pro-
duced ESBL was found to be 46%. This was deter-
mined on the antibiotic resistance results of E. coli 
isolates obtained from UTI patients [37]. In a study 
conducted in Iran, Naziri et al. showed that among 
78 UPEC isolates, 27 (34.6%) were detected as 
ESBL producer isolates [38].
In the present meta-analysis, two studies from 
Iran were included, which reported the frequency 
of ESBL-producing UPEC isolates among KTPs 
with UTIs as 33% and 43%. These percentages 
were found to be very similar to the results report-
ed in other studies. 
In a study, Belas et al. examined the frequency of 
ESBL-producing E. coli that cause UTIs in non-re-
lated companion animals (35 isolates) and humans 
(85 isolates). The results of their study showed that 
out of the 35 companion animal isolates, 14 iso-
lates (40%) carried ESBL encoding genes, while 
out of the 85 human isolates, 80 isolates (94.1%) 
carried ESBL encoding genes [39].
Probably, one of the reasons for the high frequency 
of ESBL-producing UPEC in this study is the 
method used to identify these isolates. The PCR 
method was employed instead of the DDST meth-
od, as molecular techniques have been shown to 
possess higher sensitivity and specificity com-
pared to phenotypic tests.
Furthermore, the frequency of ESBL-producing 
isolates in other pathotypes of E. coli has also been 
investigated. For example, Bezabih et al. per-
formed a systematic review that included 133 arti-
cles published between January 1, 2000, and April 
22, 2021. 
The findings of their investigation revealed that 
17.6% of healthy people worldwide and 21.1% of 

inpatients in healthcare settings harbored ES-
BL-producing E. coli in their intestines. The global 
carriage rate in healthcare settings increased three-
fold, from 7% in 2001-2005 to 25.7% in 2016-2020. 
Additionally, in community settings, the carriage 
rate increased tenfold, rising from 2.6% to 26.4% 
over the same time period [40].
A comparison of the results of our study with this 
meta-analysis reveals the following: 
1) The pooled frequency of ESBL-producing iso-

lates among intestinal E. coli strains is lower 
than that among UPEC strains. 

2) Over time, the frequency of ESBL-producing 
isolates has increased, which is in line with our 
finding.

In our meta-analysis, the oldest study was pub-
lished in 2006 by Valera et al., and the most recent 
studies were published in 2021 by Velioglu et al. 
and Wang et al., who reported the frequency of 
ESBL-producing UPEC isolates as 24, 63, and 73%, 
respectively. Based on these results, the frequency 
of ESBL-producing isolates shows an upward 
trend. 
In the United States, two meta-analysis studies 
were conducted by Flokas et al. These studies in-
vestigated the frequency of ESBL-producing En-
terobacteriaceae (ESBL-PE) in pediatric patients 
with UTI and bloodstream infection. The pooled 
frequency of ESBL-PE was reported as 14% and 
9%, respectively [41-43]. 
These results demonstrate that the frequency of 
ESBL-PE in pediatric UTI is higher than that in 
blood infections. Additionally, a study conducted 
on pediatric UTI indicated the following pooled 
rates: 76% in Africa, 37% in Asia, 12% in Europe, 
7% in the Western Pacific, 5% in the Eastern Med-
iterranean, and 2% in the Americas.
Furthermore, Onduru et al. and Diriba et al. con-
ducted two meta-analysis studies investigating 
the pooled frequency of ESBL-PE in Africa. The 
pooled rates were reported as 38% and 49%, re-
spectively [43, 44]. One of the most significant rea-
sons for the variation in the frequency of ESBL-PE 
in these studies is the disparity in geographical 
location and healthcare levels between developing 
and developed countries. Additionally, in our 
study, subgroup analysis by continent revealed 
that Asian countries had the highest ESBL-pro-
duction rate at 45%, followed by Europe at 40%, 
South America at 28%, and North America at 16%. 
Consistent with our findings, Bezabih et al. report-
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ed the highest rate of ESBL-producing isolates in 
Asia (27%) [42]. 
Our meta-analysis has certain limitations. Firstly, 
the majority of the studies we examined were con-
ducted in a limited number of regions, which may 
hinder the accurate representation of global epide-
miology. Secondly, the included studies did not 
provide sufficient data on the antibiotic suscepti-
bility patterns of ESBL-positive isolates. Thirdly, 
heterogeneity was observed among the included 
studies, prompting us to conduct subgroup analy-
sis and metaregression. However, it is crucial to 
interpret the results cautiously due to variations in 
sample sizes and significant heterogeneity.

n CONCLUSION

Unfortunately, 40% of the UPECs in the current 
investigation were identified as ESBL-producing 
isolates. These isolates present a significant public 
health concern as they can facilitate the dissemina-
tion of antimicrobial resistance within the local 
population and accelerate the ineffectiveness of 
commonly prescribed antibiotics for UTI treat-
ment in KTPs and other patients. In light of these 
findings, ongoing regional screening of ESBL pro-
ducers is crucial, particularly in developing na-
tions, to account for variations in the characteris-
tics of UPEC strains across different geographical 
locations and their evolutionary changes over 
time. This need is particularly pronounced in de-
veloping countries.
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