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ABSTRACT

Background: This systematic review aimed to determine the antimicrobial resistance pattern of the extended-

spectrum B-lactamases producing Escherichia coli (ESBL-EC) in urine samples in Nepal.

Methods: Systematic literature review was conducted to locate all articles reporting ESBL-EC in urine samples
published between January 2012 to December 2022. The Egger’s weighted regression analysis was done to assess
the publication bias. A random-effects model was used to calculate the pooled prevalence and corresponding 95%
confidence interval due to significant between-study heterogeneity. The strength of correlation between multidrug
resistance and ESBL production in E.coli strains was determined using Pearson’s correlation coefficient. The data

were analyzed using R-language 4.2.2. software.

Results: The combined prevalence of E.coli in urine samples was found to be 14 % (95% CI, 11-18), while the
overall pooled prevalence of ESBL E.coli and MDR E.coli were 30% (95% CI, 20-42) and 70% (95% CI, 38-90)
respectively. A strong positive correlation of 0.99 (95% CI, 0.89-1.0) was found between ESBL production and

MDR among E.coli isolates. Imipenem was the drug of choice against ESBL-E.coli in urine specimens.

Conclusions: Our analyses showed the overall ESBL-EC and MDR-EC burden in Nepal is considerably high.

Likewise, the study also infers an increasing trend of antibiotic resistance pattern of ESBL-EC in urine samples.
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INTRODUCTION It was in the 1980s when extended spectrum beta
lactamases (ESBLs) were first introduced and to combat
them, more stable beta-lactam antibiotics were
developed. However, it was not too late enough, that
the bacilli developed resistance against them.* This
mechanism of resistance is attributed to bacilli’s mobile
genetic components, namely plasmids, that carry
genes that encode for enzymes such as TEM-1, SHV-1,
CTX-M, OXA, and AmpC lactamases which enzymatically
neutralize broad classes of antibiotics used. Since these
genes are being incorporated in a mobile plasmid,
the rate of transfer of resistance remains high, thus
resulting in the development of multidrug-resistant

In the 21t century, the “antimicrobial resistance”
phenomenon has posed a major threat to public health
globally. In 2019 alone, antimicrobial resistance (AMR)
was directly responsible for an estimated 1.27 million
deaths worldwide." The seriousness of this lies on the
staggering fact that these numbers nearly equaled the
number of deaths caused by HIV (680,000) and malaria
(627,000) combined in that same year, 2 and the region
of Southeast Asia is subjected to have one of the
highest burdens of AMR in the world considering its high
population density, burden of disease and availability of
antibiotics. 3
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(MDR) strains. >

With emerging resistance and spread of ESBL E.coli
in the community and hospital, UTIs being one of the
most common infections, do pose a serious threat to
public health.™ The seriousness of this is very major in
developing countries like Nepal, as recent literatures
indicate that the prevalence of MDR and ESBL producing
pathogen is as high as 90%, which is likely to be brought
about by self-medications, over-prescriptions, prior-
culture prescriptions and over-the-counter sale. "%
Additionally, with inadequate clinical expertise and
unavailability of proper diagnostic tools, Nepal is at
high risk of becoming the spot with high prevalence of
MDR and ESBLs. Hence, considering the urgency of the
situation, as per our best knowledge, this is the first
systematic review and meta-analysis on the burden
of ESBL-E.coli in urine samples in Nepal. This study
aimed to estimate the pooled prevalence of ESBL-E.
coli in urine samples and their antibiotic resistance
profile, and relationship between ESBL production and
multidrug resistance by analyzing available studies. This
study could aid in designing and implementing control
strategies to minimize the occurrence and spread of
ESBL-E.coli in urine.

METHODS

Protocol documentation

The systematic review is registered in PROSPERO
(CRD42023460823). It is documented as per the
guidelines of the Meta-Analysis of Observational Studies
in Epidemiology (MOOSE), available as Supplementary
file 1.

Study selection

In order to determine the prevalence of ESBL-E.
coli in human urine specimens in Nepal, an extensive
literature search was conducted of all articles published
from January 2012 to December 2022. The search was
conducted using electronic databases such as PubMed,
EMBASE, Scopus, Google Scholar, and NepJOL, with the
search terms "Escherichia coli", "extended-spectrum
B-lactamases”, "urine”, “ESBL E.coli” and "Nepal".
The search was restricted to articles published in the
English language. The selected studies were thoroughly
scrutinized for any additional relevant articles
mentioned in their discussions or references. The final
search strategy for the included database is provided in
Supplementary file 2. Initially, the titles and abstracts of
potential articles were scrutinized by a single reviewer

(BRC) to determine their eligibility for inclusion in the
review. Subsequently, the next stage involved a more
in-depth analysis of the full-text articles, with eligible
studies then reviewed and evaluated by authors (BRC,
RT). The final review of the selected studies was then
done by the author (MRB).

Eligibility criteria

To be included in this meta-analysis, studies had to
meet following criteria : (i) reporting the prevalence of
ESBL-EC in Nepal between January 2012 and December
2022 (ii) isolating ESBL-EC from human urine specimens;
(iii) reporting the antibiotic susceptibility patterns of
ESBL-EC; (iv) specifying the laboratory methods used to
detect ESBL-EC. Studies were excluded for the following
reasons: (i) articles reporting ESBL-EC on non-human
subjects, duplicate studies, undifferentiated spp.,
review articles, case reports, posters, retrospective
studies; (ii) articles without AST of ESBL-EC and those
reporting ESBL-EC only among MDR isolates; (iii) articles
with the combined results of AST of ESBL-EC and other
pathogens; (iv) articles with combined result of AST of
ESBL-EC isolated from other clinical samples along with
urine; (v) Studies from countries other than Nepal.

These objective-driven eligibility criteria allowed us
to exclude the studies that do not correspond with our
outcome. The included studies were assessed for quality
by using Newcastle-Ottawa Scale for cross-sectional
studies.

Data extraction

The reviewers (BRC and RT) extracted data
independently from eligible studies and entered it into
an MS Excel spreadsheet. The data extracted were then
cross-checked between them to exclude any duplicated
studies. Then the final extracted data included details
such as the first author's surname, year of publication,
study area, study setting, sample size, total number of
MDR-EC, ESBL diagnostic method, prevalence of ESBL-
EC, antibiogram of ESBL-EC, and the gene variants
encoding ESBL. The extracted data was reviewed twice
by both reviewers (BRB, RT) to minimize the risk of
errors, and then cross-checked by author MRB to ensure
accuracy and completeness.

Statistical analysisWith the extracted data, the
prevalence of ESBL-E.coli in urine samples and their
resistance proportions were analyzed through meta-
analysis using the R programming language version
4.2.2., employing the random effect model. ™ The



heterogeneity of the included studies was tested by I
statistics and to ascertain the variability of the true
effect size, a prediction interval was provided. '® The
overall prevalence of ESBL-E.coli was consolidated
through a forest plot with a 95% confidence interval (Cl)
and the publication bias was evaluated using a contour-
enhanced funnel plot and Egger’s weighted regression
method. ' The bias was considered to be statistically
significant when the p-value was less than 0.05.

Outcome measurements

The primary objective of this study was to evaluate the
antibiogram of ESBL-Escherichia coli in urine samples.
The study also aimed to determine the prevalence of
MDR- Escherichia coli and its correlation with ESBL
production. The secondary objective was to provide
valuable information on ESBL-Escherichia coli in
urine specimens thereby incentivizing clinicians and
policymakers to help guide appropriate treatment
strategies.

Quality assessment of studies

The quality of individual studies included in the meta-
analysis was evaluated independently by two reviewers

(BRC and MRB) using a checklist provided by the
Newcastle-Ottawa Scale adapted for cross-sectional
studies."” Any differences were resolved and checked
through discussion with the second author (RT). The
checklist consists of 10 questions that each reviewer
answered separately for each study. Scores varied from
0 to 10, and studies with > 5 points were included in the
systematic review and meta-analysis. (Supplementary
Table S1)

RESULTS

Search results

In conducting a meta-analysis, a systematic review was
conducted to identify studies meeting the inclusion
criteria. Out of 1297 articles identified, 1209 were
excluded based on their titles and abstracts. Duplicate
studies and retrospective studies were also excluded,
leaving 52 articles for full-text assessment. After further
applying inclusion and exclusion criteria, only 10 studies
met the requirements and were included in the final
meta-analysis. The flowchart of article selection along
with exclusion reasons are presented in the PRISMA
flowchart (figure 1), and the main characteristics of the
included studies are provided in table 1.
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Figure 1. PRISMA flow diagram summarizing the process of literature search and selection.
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Table 1. Characteristics of studies included in the meta-analysis

Total ESBL
. District, Sample . No. of No. of ESBL Diagnostic
ID h E.
Study Study hospital Province size coli MDR (%) (%) Test genes
. detected
(Urine)
Chakrawarti _.. Sunsari, 60
ot al 1® BIJay.apur Koshi 752 69 (86.95) 12 (17.3) CDT
Hospital
Singh et KIST Medical Lalitpur,
al College Teaching Bagmati 1258 198 - 76(38.38)  CDT
Hospital
Y Kath 4
adavet  \ationalKidney Lramandu, oo g 6 18 (26.86) CDT -
al Bagmati (95.52)
Center
Manmohan
. Memorial
Parajuli et o dical College  Kathmandu, o oy 739 480 288(38.97) CDT -
al . Bagmati (64.95)
and Teaching
Hospital
Rimal et International Kathmandu,
al 2 Friendship ] 1018 200 68(34) 51(25.5) CDT -
Children Hospital
Mahato et hi Zonal Morang, 3666 281 64 (22.77) CDT -
al® . Koshi (39.5)
Hospital
College of
Mahaseth et Medical Sciences Chitwan,
al 24 AT FerEG 5564 1219 - 102 (8.36) CDT -
Hospital
Yadav et Nobel Medical Morang,
al» College Teaching Koshi 2567 288 203(70.48) DT
Hospital
International
Subedi et Children Kathmandu,
al % Friendship Bagmati 388 82 i 34(41.46)  CDT i
Hospital
. blaCTX-M
Sah et al 7 Sha!nd Gangalal Kathma.ndu, 304 44 i 12(27.27) CDT and and
National Heart Bagmati PCR blaTEM

Centre
Prevalence of E.coli in urine specimens in Nepal
A systematic review and meta-analysis of eligible studies were conducted to determine the prevalence of E.coli in

urine specimens in the Nepalese population. The analysis revealed the prevalence to be 14 % (95% CI, 11- 18) with
significant heterogeneity (/? = 98%; p < 0.01)
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Study Events Total Proportion ~ 95%-Cl Weight

Chakrawati etal 2015 69 752 —+— 009 [007:011] 96%
Singhetal 2015 198 1258 - 016 [0.14;018] 102%
Yadavetal 2015 67 450 T 015 [012019] 9.5%
Parajuli etal 2017 739 5484 [ 013 [0.13;0.14] 10.5%
Rimaletal 2017 200 1018 T 020 [017:022] 102%
Mahato etal 2018 281 3666 + 008 [0.07:0.09 10.3%
Mahaseth et al 2019 1219 5564 ] 022 [021:023] 10.5%
Yadavetal 2019 288 2567 - 011 [0.10;0.13] 10.3%
Subedi etal 2020 82 388 L — 021 [017:026) 97%
Sahetal 2021 4 304 — 014 [011:019) 91%
Random effects model 3187 21451 =aifie-- 0.14 [0.11; 0.18] 100.0%
Prediction interval | [0.06; 0.31]

I I \ I
01 015 02 025 03

Heterogeneity/” = 98%, 7° = 0.1593, p < 0.01

Figure 2. Forest plot depicting the pooled prevalence of E. coli isolated from urine in Nepal

Prevalence of ESBL-E.coli in urine specimens in Nepal

The overall pooled prevalence of ESBL-E.coli in urine specimens was found to be 30 %. We found substantial
heterogeneity among the studies (1> = 98% and p < 0.01), potentially resulting from difference in study population,
study design and limitation of specimen type. Furthermore, there was no apparent publication bias based on the
symmetry of the funnel plot and Egger’s weighted regression analysis (p = 0.9140).
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Study Events Total Proportion 95%-Cl Weight
Chakrawati et al 2015 12 69 —HF— 0.17 [0.09;028] 9.3%
Singh et al 2015 76 198 —— 0.38 [0.32;0.46] 10.3%
Yadav et al 2015 18 67 — 0.27 [0.17,0.39] 96%
Parajuli et al 2017 288 739 - 0.39 [0.35;0.43] 10.5%
Rimal et al 2017 51 200 —— 0.26 [0.20;0.32] 10.2%
Mahato et al 2018 64 281 — 0.23 [0.18;0.28] 10.3%
Mahaseth et al 2019 102 1219 0.08 [0.07;0.10] 10.4%
Yadav et al 2019 203 288 - 070 [0.65 076] 10.3%
Subedi et al 2020 34 82 —— 0.41 [031;053] 9.9%
Sah et al 2021 12 44 —a— 0.27 [0.15;043] 9.2%
Random effects model 860 3187 S 0.30 [0.20; 0.42] 100.0%
Prediction interval [0.05; 0.77]

Heterogeneity/® = 98%, t*= 0.7356,p<001 ' T T T T T
01 0203 04 0506 07

Figure 3. ESBL-EC prevalence in urine samples in Nepal, 2012-2022, (a) A funnel plot to test the publication bias

among studies (b) The pooled prevalence of ESBL-EC in 10 studies.



Among 10 eligible studies 5 studies reported MDR E.coli. Based on the available evidence, it appears that MDR E.coli
is a significant public health concern, as the overall pooled prevalence of these isolates was 70 % (95% Cl, 38 - 90)
among the included 5 studies. However, the studies showed a high level of heterogeneity (12= 97%, p < 0.01) which
means that there was a significant variation in the results of the studies. Figure 4 is the graphical representation of
the meta-analysis result.

Study Events Total Proportion  95%-Cl Weight
Chakrawati et al 2015 60 69 —a 087 [077,094] 197%
Yadav et al 2015 64 67 — 096 [087,099] 18.0%
Parajuli et al 2017 480 739 = 065 [061,068] 208%
Rimal et al 2017 68 200 - § 034 [027,041] 207%
Mahato et al 2018 111 281 . N 040 [0.34,045] 207%
Random effects model 783 1356 —m— 0.70 [0.38; 0.90] 100.0%
Prediction interval [0.01; 1.00]

Heterogeneityl® = 97%, * = 22264 p<001 ' ' 1
02 04 06 08

Figure 4. Forest plot of pooled prevalence of multidrug resistance among E.coli in urine samples in Nepal

Antimicrobial resistance patterns in ESBL-E coli

The antibiotic resistivity pattern of ESBL-EC is shown in table 3. Imipenem was found to be the most effective
antibiotic (89.29% sensitive) against ESBL producing strains of E.coli, followed by amikacin (86.09% sensitive).
The resistance towards ampicillin was very high (99.90%). Higher resistance was also observed against cefotaxime
(96.46%), ceftazidime (85.66%), and gentamicin (50.90%).

Table 2. Antibiotic resistance profile of ESBL-E coli isolated from urine specimen

Antibiotics Resistance o 95% Cl Test of heterogeneity Nurpber of studies
(Pooled estimation) 12 (%) p-value reviewed
Amikacin 19.87 [2.82;32.91] 99.99 0.0199 6
Gentamicin 45,27 [36.71;53.83] 99.94  <.0001 5
Nalidixic Acid  88.22 [75.74;100.69] 99.97 <.0001 3
Ofloxacin 80.90 [72.04;89.77] 99.95 <.0001 4
Levofloxacin 63.92 [51.91;75.93] 99.96 <.0001 4
Norfloxacin 79.45 [65.79;93.11] 99.98 <.0001 4
Ciprofloxacin  84.43 [76.90;91.96] 99.97 <.0001 5
Ceftriaxone 85.64 [60.35;110.93] 100 <.0001 7
Cefotaxime 96.46 [89.55;103.37] 99.99  <.0001 5
Cefepime 79.48 [59.86;99.10] 99.99  <.0001 4
Ceftazidime 85.66 [65.53;105.79] 100 <.0001 8
Ampicillin 99.99 [99.98;99.99] 0 <.0001 3
Nitrofurantoin  30.98 [12.67;49.29] 99.99 0.0009 6
Cotrimoxazole 70.60 [61.72;79.48] 99.98  <.0001 8
Imipenem 10.71 [4.43;17.00] 99.90 0.0008 3
Meropenem 13.91 [-3.5937;31.4308] 99.99 0.1193 3
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Correlation between MDR and ESBL production among
E.coli isolates

A robust positive correlation was found between ESBL
production and multidrug resistance in E.coli strains,
with a Pearson’s correlation coefficient of 0.99 and a
95% confidence interval ranging from 0.89 to 1.0.
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Figure 5. Relationship between multidrug resistance

and ESBL production in E. coli isolates

DISCUSSION

Urinary tract infections (UTIs) are one of the most
common bacterial infections in humans, and have been
reported to be highly prevalent worldwide. The vast
majority of UTls globally is caused by gram-negative
organism of the family Enterobacteriaceae, most
commonly by uro-pathogenic Escherichia coli. 23 This
bacillus in urine can be notorious to treat considering
the rate at which it is becoming resistant to available
antibiotics. 3' Despite, beta lactam antibiotics still
being the choice of drug against it, the emergence
of B-lactamase producers have been a matter of
concern. * As per our knowledge, there has not been
a prior attempt to systematically integrate, analyze
and combine individual studies addressing ESBL-E.coli
prevalence in urine samples in Nepal.

This meta-analysis showed the pooled prevalence
of E.coli in urine samples to be 14% in Nepal, which
seemed a bit low compared to the studies conducted in
Africa (33.4%) 32 and Ethiopia (41%). 3 This variation in
results could be due to the design of our study where we
included people of all ages and gender. The occurrence
of multi-drug resistant E.coli has caused trouble in
treating infectious diseases thus increasing mortality
and creating a greater health cost burden. 34 In our
study, the pooled prevalence of MDR isolates in E.coli
from urine samples was estimated to be 70%, which is

in moderate agreement with the studies conducted in
Pakistan (66.2%) * and India (76.51%) 3. However, it
was significantly higher than reported in studies from
Libya (33.2%) %7 and Portugal (23.3%). 3 This subsequent
high resistance may be attributed to antibiotic abuse,
self-medication, poor personal hygiene, improper
management of food animals, inaccurate diagnosis,
and disinfectant overuse. ¥ This study found a strong
positive correlation between ESBL production and
multidrug resistance, which might be due to the fact
that ESBL genes are incorporated in the mobile plasmid
of the bacilli which also harbors other resistance-
conferring genes. #4

Since the bacilli’s first beta-lactamase activity reported
in 1940 “ there have been persistent exposure of E.coli
to diverse classes of beta-lactams, which have further
induced production and mutations of beta-lactamases in
the bacilli helping it to expand its resistance against the
newly developed beta-lactam antibiotics. % In this,
the pooled prevalence of ESBL-EC was 30%. Our result
is in accordance with studies conducted in Pakistan
(33.3%), 7 Saudi Arabia (33.49%), “® and Iran (35.7%).%
However, it seemed comparatively low when compared
to studies conducted in Mexico (49%) 3° and Ethiopia
(76.5%). 5" The number of ESBL producers E.coli have
risen and disseminated worldwide, which have become
a vital cause for community and nosocomial infections
with possible severity. 2

Nevertheless, what’s alarming is the trend of rising
antibiotic resistance in Nepal. The study on antibiotic
resistance of ESBL-EC revealed an overall increase
in the resistance pattern of ESBL-EC against all
antibiotics as compared to studies conducted in Sudan,
52 Ethiopia, 3 Thailand, > and Poland. % The increase
in resistance towards these antibiotics is composite.
The United Nations (UN) reported that the escalation
of antimicrobial use in food animals can partially be the
cause of rising AMR. % The same can be said for Nepal
where the irrational use of high doses of antibiotics for
growth promotion in animals has grown over the years
and along with it, the burden of AMR. 5 Additionally,
the widespread use of antibiotics without a proper
prescription due to the significant gaps observed in the
knowledge, and attitude practices related to antibiotics
among the general population in Nepal have contributed
to this rising resistance. 2

We also found that the susceptibility pattern of
carbapenems: imipenem and meropenem (89.29% and
86.09%) has been significantly lower when compared
to studies conducted in India (94.1% and 95.5%) %8



and Iran (94.2 and 99.2%). > This significant rise
of resistance can be multifactorial, besides ESBL
production, the capability to form biofilm and other
hydrolyzing enzymes to combat antibiotics contributes
to this emerging resistance. ¢ It’s applaudable of the
Government of Nepal to have taken some initiatives
to tackle the ongoing threat through a National Action
Plan for the Containment of Antimicrobials Resistance
and One Health approach. However, they are still
in their infancy and face various challenges in their
proper implementation. ¢ Nonetheless, this rise is an
unavoidable evolutionary result, and we have to catch
up with this evolution by developing and investing on
novel approaches to combat it. ©°

This is the first study to calculate the pooled prevalence
of ESBL-EC in urine samples in Nepal. Our analysis
revealed the overall pooled prevalence of ESBL-EC in
urine samples and their correlation with ESBL production.
We explored the antibiotic resistance pattern of ESBL-
EC against commonly used antibiotics in the country
and found an increasing resistance towards the last
reserve of drugs, which can be helpful for clinicians and
health policymakers. However, our study did have some
limitations. Specifically, we did not include unpublished
reports or under-review publications and publications
before 2011 and after 2022, which may have resulted in
the omission of important findings. Moreover, we did not
consider the uniformity of methodology used across the
studies that we analyzed, which may have contributed
to increased heterogeneity in our study. Furthermore,
due to the limited data available, we did not classify
data according to age and sex, which may have
imparted a risk of bias and variation across the studies.
However, upon regression Egger’s test for publication
bias, it showed there was no statistically significant
bias. Additionally, the investigation was mostly based
on ESBL phenotypes as studies on ESBL genotypes are
limited in Nepal. We also couldn’t stress on the other
dynamics that could have added to the increase in ESBL-
EC resistance such as previous clinical histories, socio-
economic conditions, and prior antibiotic use solely due
to limited data available. The tendency to condense and
analyze large amounts of varying findings using a single
number can be a subject of disagreement. ¢

CONCLUSIONS

High ESBL production was seen in ESBL-Escherichia
coli which contributed to high multi-drug resistance.
An increasing trend of resistance was shown by ESBL-
EC toward commonly prescribed antibiotics. This study
infers that the better option for the treatment of ESBL-

EC could be imipenem, meropenem, and amikacin.
However, a rational use of these antibiotics is suggested,
considering their lowering susceptibilities.
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