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Abstract: Background: While mapping Escherichia coli susceptibility in community acquired simple UTIs across 38
centres, DASH to Protect Antibiotics, (https://dashuti.com/), a multiregional study also assessed impact of socio-
economic conditions and climate on antimicrobial susceptibility. Methods: The centres were located in the Indian
subcontinent, Middle East, North and West Africa, Eurasia, Europe, and North America. Harmonic means were used
for comparative analysis of the antimicrobial susceptibility of E. coli in simple cystitis. Kruskal-Wallis test was utilized
to compare susceptibility means between the antimicrobials and the GDP. A two-way ANOVA to simultaneously
analyzed the impact of the antimicrobials and GDP on the proportion of susceptible E. coli while adjusting for
variables (low and high temperature, humidity and population density per sqkm). Findings: Antimicrobial
susceptibility varied between regions and within large countries like India and Pakistan. Nitrofurantoin (89%) and
fosfomycin (96%) emerged as the most effective antimicrobials. In majority of the centres, susceptibility to other oral

antimicrobials was low: cotrimoxazole.

Keywords: community acquired UTI; Escherichia coli; antimicrobial susceptibility; Indian subcontinent;
MENA; GDP; temperature

Introduction

The mounting resistance in Escherichia coli, the commonest cause of community-acquired urinary tract
infection (UTI) is concerning. It is being increasingly perceived that the drivers of antimicrobial resistance
(AMR) may not only be antibiotic use and misuse but socioeconomic and environmental factors like
ambient temperature, humidity, population density, gross domestic product, standard of living and water,
sanitation and hygiene (WASH) facilities may also contribute (1-3).

A multicentric multidisciplinary research and programme initiative, Diagnostic and Antimicrobial
StewardsHip (DASH) to protect antibiotics (http:dashuti.com) is currently promoting preparation of
community based local antibiograms of urinary tract infections. Antimicrobial prescribing based on the
local antibiograms will enable judicious antimicrobial use and promote antimicrobial stewardship in
ambulatory patients. A comprehensive multicenter analysis of the antimicrobial susceptibility rates of E.
coli in community acquired UTI across 38 centres spanning four continents located in the Indian
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subcontinent (IS), Middle East (ME), North and West Africa, Eurasia, Europe, and North America is
presented here.

This broader scope enabled us to investigate not only regional variations in antimicrobial
susceptibility patterns but also the potential influence of environmental factors such as temperature and
humidity on these patterns. By exploring these geographic and climatic correlations, we aimed to deepen
our understanding of the complex factors driving antimicrobial resistance and inform targeted strategies
for improving treatment outcomes and combating resistance globally.

Methods

The susceptibility profile of E. coli isolated from adult cases of simple cystitis attending the outpatient
departments or the Emergency Departments were analysed across 38 sites, (32 sites in the IS and the ME,
one site each in Maldives, Egypt, Benin, Ukraine, UK and Canada) in 2023. The geographic spread and
climate of these sites from east to west is as follows: Dhaka, Bangladesh (one site, tropical monsoon-type
climate); India (7 centres): 3 in North (N.) India characterised by subtropical climate (Delhi, Gurugram,
Lucknow), one in central (C.) India, (Bhopal, Madhya Pradesh), two in East (E.) India, (Kalyani, West
Bengal and Bhubaneswar, Orissa) and one in, Jaipur, Rajasthan West (W) India (hot climate); Pakistan (5
centres, with temperate climate, three in Peshawar and one each in Lahore and Karachi); Iran (3 centres,
two in Sari,(humid subtropical climate and one in Tehran, hot arid); Oman, 8 tertiary care centres, (4 in
Muscat, one each in Suhar, Ibri and Rustaq) and 55 linked health centres. There was one centre each in
Qatar, (Al Wakra), Kingdom of Saudi Arabia, (KSA), Buraydah; Egypt, Cairo. The climate is hot subtropical
desert type in these countries. Centres lying further apart were: Benin, West Africa, (tropical), Male,
Maldives (equatorial monsoon) in the Indian Ocean and three centers in the temperate region: Dnipro
(Ukraine), London (United Kingdom), and Toronto (Canada). Five high income countries participated
(Oman, Qatar, KSA, United Kingdom and Canada) while the others were low and medium income
countries (LMICs).

The recruitment process was outlined in the previous paper (4). In short Fifty-five centers were
approached, of which 38 (27 tertiary-care public and private hospitals) joined. Seventeen centers were
academic while the remaining were non-academic. Processing of samples was done as mentioned in the
previous study (4). Antimicrobial Susceptibility testing (AST) was performed according to CLSI guidelines
M100-Ed33) 2023 (5). Twenty three sites largely used disc diffusion testing whilst 15 used automated
systems, eleven used a mixture of both approaches. Quality control was practiced by all laboratories.

Data collection, handling, review and validation

Efforts were made to include only clinical isolates from patients presenting with a symptomatic UTI
(frequency, dysuria and urgency, with or without haematuria and abdominal pain) at out-patient or
Emergency Department were included. However, one site (Buraydah, KSA) sent us combined data. Data
from these patients were collated into site antibiograms if 30 or more non-duplicate isolates were tested at
a site. Only data for routinely-tested antimicrobial agents were included. CLSI guideline M39A4E CLSI
2022 was used to prepare the antibiograms (6,7).

Statistical Methods:

The Harmonic mean (HM) was calculated using the pooled averages. The mean proportion of E. coli
susceptibility to each drug was calculated based on the GDP of the countries. The Kruskal-Wallis test was
utilized to compare susceptibility means between the antimicrobials and the GDP. A two-way ANOVA
was conducted to simultaneously analyze the impact of the antimicrobial and GDP on the proportion of
susceptible E. coli while adjusting for other variables (low and high temperature, humidity [climate] and
population density per sqkm). Regional subgroup analysis was performed by categorizing the countries
into three regions. Furthermore, the Mann-Whitney test was used to compare susceptibilities between
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Pakistan and India. The data analysis was carried out using SPSS 29, and a significance level of p <0.05 was
established.

Results

The geographic location of the participating centers is provided in Figure 1.
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Figure 1. Geographic location of participating centres.

The southernmost, Maldives, lies on the Equator. Majority (29 centres) were situated between 200-300
latitude.The GDP per capita income ranged from $1400 to $82,000, (Table 1), with the majority clustering
around $1000-3900 (LMICs), and $20,000-$29,000 (HICs). Population per square kilometer in the majority
of our centers (15) ranged between 1000-9999/sq km. Five cities had a population density of less than 1000/
sq km. Apart from London, the capitals of the countries in our study (Delhi, Tehran, Cairo, Male, Dhaka)
had a population density of more than 10,000/ sq km. The densest capital was Dhaka with 38,000/ sq km.
The average humidity ranged from 79 in Male, Maldives to 75 (Dhaka, Bangladesh in the east, Abomey
Calavi, Benin in the west, Dnipro, Ukraine in the north.) to 22.2 ( Buraydah, Saudi Arabia) and 58.9 ( Al
Wakra, Qatar) in the Middle East.
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Table 1. Geographic location, temperature, humidity, gross domestic product, population density of the

participating centres. The centres have been arranged with increasing population density.

City and | Number | Latitude Longitude | Temperature °C | Average | GDP per | Population

Country of Highest | Lowest relative capita density
Centres humidity | income | per square

(%) (USD)* kilometre

Sari, Iran 2 36°3321"N | 53°0420"E | 44 -5 73 4233.99 | 55 per Km?

Al Wakra, | 1 25°17'02"N | 51°30'43"E | 50.4 3.8 60 81968.34 | 234.56 km?

Qatar

Al-Qasim, 1 25°48'23"N | 42°52'24"E | 32.7 17.1 222 21138.65 | 440 /km?

Saudi Arabia

Muscat, 5 23°34'58"N | 58°25'28"E | 49.2 1.6 58 21265.63 | 491/km?

Oman

Suhar, Oman | 1 24°2025"N | 56°42'45"E | 50 5.7 73 21265.63 | 698.5/km?

Peshawar, 3 33°58'38"N 71°33'55"E | 48 -3.9 61 1471.10 | 16125

Pakistan [km?

Abomey- 1 9°1826"N 2°18'33"E 26 18.4 75 144911 | 2400/ km?

calavi,

Benin

Dnipro, 1 48°27'44"'N | 35°00'01"E | 40.9 -30 74.6 522459 | 2,411/km2

Ukraine

Gurugram, 1 28°25'22"N 76°59'23"E | 49 -0.4 48 4,700 2,600/km?

India

Kalyani, India | 1 28°37'40"N 77°21'53"E | 49 11 60.2 2612.45 | 3,400/km?

Bhopal, India | 1 23°15'35.6"N | 77°24'454"E | 31.7°C | 18.6°C | 45 1687 3,900/km?

Toronto 1 43°43'05"N 79°22'41"W | 40.6 -32.8 61.1 53246.98 | 4,427.8/km?

Bhubaneswar, | 1 20°18'03"N | 85°49'13"E | 46.7 8.2 70 2612.45 | 4,500/km?

India

Lucknow, 1 26°50'55"N | 80°56'33"E | 47.7 -1 55 2612.45 | 5,500/km?

India

London, 1 51°31'43"N | 0°06'05"W 40.2 -17.4 73 48912.78 | 5,640/km?

England
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Karachi, 1 25°11'35"N 67°09'19"E 47.8 0 70 1471.1 5,779/km?
Pakistan

Lahore, 1 31°28'58"N 74°20'03"E 48.3 -2.2 53 1471.10 7,339/km?
Pakistan

Delhi, India | 1 28.7041° N 77.1025° E 47.2 -0.6 49 7,500 11,312 /km?
Tehran, Iran 1 35°42'27"N 51°20'51"E 41.8 -13 46 4233.99 11,800/km?
Male, 1 4.1755° N 73.5093° E 35 19.2 79 16,439 19,000/km?
Maldives

Cairo, Egypt 1 30°03'34"N 31°15'30"E 47.8 1.2 56 3770.13 | 19,376
Dhaka, 1 23°46'51"N 90°25'10"E 422 6.1 75 2621.29 | 38,000/km?
Bangladesh

Jaipur, India 1 26.9°N 75.8°E 49.0 2.2 38 2,100 6,500/km?
Bhopal, India | 1 23.25°N 7741°E 46.0 0.6 45 2,087 3,900/km?
Rustaq, Oman | 1 23.44° N 57.43°E 47.35 7.53 37.45 23,240 1,499/km?

*USD: United States dollar.

Antimicrobial susceptibility profile of E. coli

The susceptibility rates across all sites are shown in Table 2. Regional rates by centers for major oral
antibiotics are shown by site in Figure 2, with regional rates of intravenous antimicrobial groups in Figure
3 and between Oman, India, Pakistan and Iran in Figure 4. Supplementary Table S1 shows the range and
HM of susceptibilities by regions. The susceptibilities discussed below among different drug classes are the
HM.
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Figure 2. Susceptibility profile of Escherichia coli to commonly prescribed antimicrobials.
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Figure 3. Average susceptibility of E.coli to five major antimicrobial groups in the Middle East and Africa,
Indian subcontinent and temperate centres.

3rd Generation Cephalosporins: average of ceftazidime and ceftriaxone. Beta lactam-beta lactam
inhibitors:  piperacillin-tazobactam. Carbapenems: average of imipenem and meropenem.
Fluoroquinolones: ciprofloxacin.
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Figure 4. Average susceptibility of E.coli to five major antimicrobial groups in Oman, India, Pakistan and

Iran.

3rd Generation Cephalosporins: average of ceftazidime and ceftriaxone. Beta lactam-beta lactam
inhibitor:  piperacillin-tazobactam. Carbapenems: average of imipenem and meropenem.
Fluoroquinolones: ciprofloxacin.
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Table 2. Susceptibility profile of E.coli across different regions and countries.

Country Institution

Middle East
+ Africa (18
centers)

Sultan Qaboos University Hospital, Muscat, Oman

Sohar Hospital, Suhar, Oman

Royal Hospital, Muscat, Oman

Khoula Hospital, Muscat, Oman

Apollo Hospital, Muscat, Oman

Rustaq Hospital, Rustaq, Oman

Oman
Ibri Hospital, Ibri, Oman

Al Masarra Linked HC (8), Oman

Khoula Linked HC (23), Oman

Al Nahdah Linked HC (24), Oman

Ibri Linked HC (17), Oman

Nizwa Hospital, Nizwa, Oman
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Nizwa Linked HC (24) , Nizwa, Oman 1024 & §/6 76% Z3 82
{J o
Saudi . . . . . .
. Al Qassim- King Fahad Hospital, Buraidah, Saudi Arabia 198
Arabia
Qatar Al Wakra Hospital, Qatar 100
Emam Khomeini Sari, Iran 94
Iran Toba, Sari, Iran 140
Shahid Labbafinejad Hospital, Tehran, Iran 235
Egypt Ain Shams University Hospital, Egypt 100 86% 85%
Africa Benin, Africa 282
Harmonic mean
Era Medical College, Lucknow, UP, India 105
SGT Hospital, Gurgaon, Haryana, India 75
AIIMS Kalyani, West Bengal, India 452
Indi India Institute of Medical Sciences & SUM Hospital, Bhubaneswar, Orissa, India 182
ndian
Subtco?lt;nen Sitaram Bhartia Institute of science & research (SBISR), Delhi, India 185
centers) . . .
Gandhi Medical College, Bhopal, MP, India 815

Mahatma Gandhi University of Medical Sciences & Technology, Jaipur, Rajasthan,

191
India ?

88% 72% 83% 82%
o

Pakistan Khyber Medical College, Pakistan 137 - § /0 i:/Z § /0 86%

Pakistan
Reliance Diagnostic Laboratory Karachi, Pakistan 30 - 77% 90%

11
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Mayo Hospital Lahore, Pakistan 32 77% 85% . 85% 85%
Rehman Medical Institute, Pakistan 38
Peshawar Institute of Cardiology, Pakistan 79
Bangl:ades Uttara Adhunik, Bangladesh 244
Maldives Indira Gandhi Memorial Hospital, Maldives 477
Harmonic mean
. . . . . . 74
Ukraine Dnipro State Medical University, Ukraine 34 85% 82% o
0
United . . .
. Chelsea and Westminster NHS Trust, United Kingdom 1559
Temperate Kingdom
ters (3 7
centers (3) Canada Toronto, Canada 27388

79 89
% %
. 74 75 74 83 71
Harmonic mean 89% % % o 85% 88%.
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Fosfomycin: In both India (91-100%) and Pakistan (84-100%), the overall susceptibility was 96%,
with 100% susceptibility observed in W. India (Jaipur), three in Pakistan (two: Peshawar, one:
Karachi). Two centers in E. India had a high susceptibility of 98-99%. Of the two centers in Oman
who tested it, one reported 100% while the other 96% susceptibility and Al Wakra, Qatar reported
96%, Maldives: 99%, Cairo: 89%, Benin: 95%, Dnipro: 82%, London: 97%.

Nitrofurantoin:

Overall, the susceptibility to nitrofurantoin was 89%. The susceptibility ranged from 96-98%, in
Oman. The primary health centers linked to Al Nahda and Khoula hospitals, Muscat (98%)
demonstrated the highest susceptibilities. In Al Wakra, and Buraydah, the susceptibilities were 97%
and 92%, respectively. Amongst the LMICs in MENA, it was lower (86%) in Tehran, although in Sari,
it was 91%. Cairo reported 86%.

In the Indian Subcontinent, the susceptibility in decreasing order was 95% in Maldives, 86% in
Bangladesh, 85% (73-100%) in India, and 83% (77-97%) in Pakistan. Concerningly Bhopal (C. India)
and Gurgaon, N. India demonstrated susceptibilities below 75%. In Pakistan, large variations were
observed, from a high of 97% in Karachi to a low of 77% in Lahore.

In HIC temperate countries, London had higher susceptibility (99%) than Toronto (88%) while
Ukraine, an LMIC, had 85%.

Co-trimoxazole: The antimicrobial susceptibility to co-trimoxazole was 64% (56-72%) in Oman.
Al Wakra reported 57% and Buraydah, 50%. Mean in Iran was 42%,( 26% in Tehran, 51% in Sari),
Cairo had 39% susceptibility and Benin,10%. In the IS, Maldives was high at 70%, others
demonstrated low susceptibility: India: 55%; Bangladesh: 52%; Pakistan: 34% (22-84%); In temperate
regions, Toronto susceptibility was 79%, Dnipro (74%) and London (70%).

Ampicillin:
The susceptibility was 32% in Oman (17-50%), 30% in Al Wakra, 22% in India (25-43%), 19 % in
Iran, 17% in Pakistan, 9% in Cairo and Dnipro.

First- and second- generation cephalosporins and cephamycins:

Cefazolin susceptibility was 43% in Oman (16-62%). Sari, Iran reported 22% and Cairo, 45%.
Kalyani was 31%, Dnipro was 33% and London was high at 65%.

Third- and fourth- generation cephalosporins: Ceftazidime fared better than ceftriaxone. The
highest susceptibility to ceftazidime was observed in London, 89%, Maldives (83%) in the IS and Al
Wakra (80%) in MENA, and the lowest in Benin (3%). In Oman, India and Dnipro, similar
susceptibility rates were observed (63%-65%), while it was 55% in Buraydah, 52% in Iran, 47% in
Cairo, and 36% in Dhaka.

Cefepime susceptibility was again highest in Qatar (83%), and lowest in Iran (23%), while it
ranged from 48%-68% in the Middle East and the Indian subcontinent. Dnipro and Buraydah
reported the same susceptibility. (57%).

Beta-Lactam-beta-lactamase inhibitors: In MENA, piperacillin-tazobactam rates varied from
93% (92-100%) in Oman, 92% in Al Wakra, 85% (72-94%) in Iran to 75% in Buraydah, 67% in Cairo.
In the IS, the susceptibility was 90% in Maldives, 80% (40-87%) in India, 77% in Bangladesh and 64%
in Pakistan (41-88%). In the higher latitudes, Dnipro had 85%, London, 86%.

The median was 68% (41-96%) for amoxicillin-clavulanic acid in Oman; 62% (10-66%) in India,
33% (3-67%) in Pakistan, 32% in Dhaka and 75% (74-75%) in Iran. In Al Wakra, it was 75%, 60% in
Buraydah. Cairo and Benin had similar susceptibility, 35% and 37%, respectively. London
susceptibility was 62%, Dnipro was higher at 82%.

Carbapenems: In Oman, susceptibility was 99% (98-100%) each for meropenem and imipenem,
98.5% in Al Wakra; 97% in Buraydah; 91% in Iran; 86% in Cairo. In the IS, 100% was observed in
Bangladesh and 94% in Maldives, followed by Pakistan 90% (84-96%); 76% (40-95%) in India; 99% in
London, 88% in Dnipro, 95.5% in Benin.

Fluoroquinolones: Ciprofloxacin rate in Oman was 61% (48-83%), 51% and 52% in Buraydah
and Al Wakra respectively, 39% in Cairo, 16% ( 6-47%) in Pakistan, 21% (9-52%) in India, 26% (14-
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48%) in Iran, 41% in Bangladesh and 57% in Maldives. It was very low in Benin (14%). In Dnipro, it
was 76% and it was excellent in London, 86% and 89% in Toronto.

Aminoglycosides: Gentamicin rates were 87% (80-94%) in Oman, 85% in Al Wakra, 80% in
Buraydah, 57% in Pakistan (43-80%), 65% (42-94%) in India, 85% in Bangladesh, 86% in Maldives,
62% (41-84%) in Iran, 79% in Cairo and 47% in Benin. In the colder countries, Dnipro reported 88%,
London, 93%.

Amikacin susceptibility was much higher. It was 100% in Oman (98-100%), 99% in Al Wakra,
97% in Buraydah, 68% in Pakistan (53-87%), 79% in India (55-100%), 92% in Bangladesh, 97% in
Maldives, 66% in Iran, 94% in Cairo. It was 100% in the London and 88% in Dnipro.

Effect of GDP, population per square km, temperature, humidity on E. coli susceptibility profile

The influence of temperature, humidity, GDP, and population density on antimicrobial
susceptibility is outlined in Table 3. There was a notable correlation between the susceptibility of E.
coli and GDP, with higher susceptibilities observed in high-income countries (p < 0.001), as well as
with high temperature (p=0.03) and humidity (p=0.003). No significant association was found with
population density or low temperature.

Table 3. Effect of temperature, humidity, population density, gross domestic product with
antimicrobial susceptibility.

Source Sum of df Mean Square F P-value EF
Squares (SS) (MS)

Low Temperature 26.450 1 26.450 152 0.697 0.001
High Temperature 822.131 1 822.131 4.732 0.030 0.016
Humidity 1596.773 1 1596.773 9.191 0.003 0.031
Density of Population 338.114 1 338.114 1.946 0.164 0.007
GDP 17000.801 2 8500.401 48.928 <0.001 0.255
Drug 60954.309 10 6095.431 35.085 <0.001 0.551
GDP * Drug 5883.647 20 294.182 1.693 0.034 0.106

The result of two-way ANOVA for the proportion of susceptible E. coli based on the type of drug and GPD level
of countries by adjusting regional covariates (low/high temperature, humidity, and density of population (per
km).

There was a significant difference between the three GDP groups within each drug (Figure 5)
and Supplementary Table S2 (p <0.05), except for fosfomycin (p 0.432) and ceftriaxone (p = 0.081) .
The post hoc analysis revealed significant susceptibility differences between lower-middle and high-
income countries across all drugs (p <0.05) except the two mentioned drugs before.
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Figure 5. Association of Gross domestic product and Escherichia coli susceptibility in simple UTIs.

The two-way ANOVA according to the subgroup of regions showed that the pattern in the
specific areas differs from the overall pattern. Table 4 shows that in the MENA region, both GDP and
high temperature significantly affect E.coli susceptibility (p < 0.001). The relationship between the
high temperature and susceptibility is shown in Figure 6, where a steeper slope (r =0.37) is seen in
MENA than in the overall study sites (r=0.15).
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Figure 6. Relationship between the high temperature and E. coli susceptibility (A) Across all the
regions (B) MENA region.
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Table 4. The subgroup analysis of E.coli susceptibility, country-wise GDP and antimicrobials by
splitting different regions and adjusting regional covariates (high temperature and humidity).

Source Sum of df Mean F P- EF
Squares Square value
(SS) (MS)

High Temperature 1306.209 1 1306.209 12.273 <0.001 0.077
MENA Humidity 244.356 1 244.356 2.296 0.132 0.015

GDP 4076.873 2 2038.437 19.153 <0.001 0.207

Antimicrobial 45202.665 10 4520.267 42.472 <0.001 0.743
Indian High Temperature 247.410 1 247.410 1.025 0.313 0.008
Subcontinent Humidity 597.222 1 597.222 2.475 0.118 0.020

GDP 1068.260 1 1068.260 4.426 0.037 0.035

Antimicrobial 52647.173 10 5264.717 21.814 <0.001 0.639
Temperate High Temperature 23.564 1 23.564 0.348 0.567 0.031
Countries Humidity 33.809 1 33.809 0.636 0.439 0.043

GDpr 170.607 1 170.607 3.207 0.095 0.186

Antimicrobial 1869.070 10 186.907 3.513 0.016 0.715

When we looked at the relationship between GDP levels and drug susceptibility in different
regions, we found significant differences in the MENA region. Specifically, we observed differences
in the average susceptibility to nitrofurantoin (p = 0.014), ceftazidime (p = 0.029), and ciprofloxacin (p
=0.007) concerning GDP levels (Supplementary Table S3).

In India, different antimicrobials and GPD have a significant effect on the proportion of E. coli
susceptibility (p < 0.05). In temperate regions, the drug alone had a statistically significant effect on
the proportion of susceptibility (P =0.016) (Table 4).

Furthermore, to investigate any differences between two large countries in the IS region, a
comparison was performed between India and Pakistan. No significant differences were observed
between them, although many antimicrobials had a higher mean in India. (Supplementary Table S4).

Discussion

Management of simple UTI in the era of spiralling AMR must be supported by local
antibiograms which reflect the community. Combined outpatient and in-patient antibiograms are not
advised (8).

In this study, the antimicrobial susceptibility of community associated uropathogenic E. coli, is
presented across 38 centres in 13 countries (8-LMICs and 5 HICs) in the Northern hemisphere. The
southernmost, Maldives, lies on the Equator. Majority (29 centres) were situated between 20°-30°
latitude.

The susceptibility to all classes of antimicrobials was significantly higher in the high-income
countries (HIC) compared to low- and middle-income countries (LMICs) (p < 0.001). The significant
differences in susceptibility were notable between the three GDP groups for each drug. The
association of higher GDP with better susceptibility suggests a higher standard of living, improved
healthcare access, and more rational use of antimicrobials.

Moreover, the result showed that high temperature (p=0.03) and humidity (p=0.003) had
statistically significant effects on the proportion of susceptible E. coli. There were no observable
differences due to geographic locations or population density per sqgkm, and low temperature had
no significant effect. It is important to monitor the effects of high temperature and humidity on
microbial populations in different geographical regions. Our results contrast with McFadden's
findings, where it was reported that increasing average minimum temperatures are associated with
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increasing AMR. However, that study assessed rise in temperatures over the last thirty years while
we assessed impact of high and low temperatures across different locations in a single year. (9)

The subgroup analysis based on geographic regions showed that high temperatures had a
positive impact on susceptibility in the MENA region (p<0.001). It appears that the high temperatures
in MENA influence E. coli susceptibility. The extreme heat may inhibit bacterial proliferation and
mutation, accounting for lower resistance. Further research is needed to clarify the mechanisms
underlying the relationships between AMR and temperature (3).

In HICs, susceptibility rates to nitrofurantoin, fosfomycin (where tested) were > 95%,
aminoglycosides and carbapenems were > 85% and piperacillin-tazobactam > 79%. The < 60%
susceptibilities to cotrimoxazole, cephalosporins and fluoroquinolones in the majority of the Asian
and African centres suggests they should not be prescribed empirically. Two temperate centres
retained > 85% susceptibility to fluoroquinolones and all three retained > 70% susceptibility to
cotrimoxazole.

Nitrofurantoin: The susceptibility was 89% overall. In both the ME and temperate HIC,
nitrofurantoin susceptibility was high (97% and 98.5% respectively) which were corroborated by
studies in Europe (100%) and Toronto (97.5%) (10,11). LMICs, were characterized by 10-15% lower
rates than HIC (90% in Iran, 88% in India, 86% in Bangladesh, 85% in Ukraine, 78% in Pakistan, 75%
in Egypt. Ebrahim Rezazadeh Zarandi et al 2023 (12) reported 86.5% susceptibility in Kerman, Iran.
Mykhalko et al (13) in Ukraine reported rates close to ours. Islam et al, 2022 (14) reported lower, 70%
susceptibility to E. coli from Bangladesh. AL Mamari et. al. (15) reported high susceptibility from
Oman. Significant regional variations were observed in India and Pakistan. N. and E. India had high
susceptibilities (94%-98%) as did Karachi (97%) in Pakistan while several centres had < 80%
susceptibilities. Higher susceptibilities were previously reported from Pakistan. (16,17).

The higher susceptibility of nitrofurantoin may be linked to lower consumption rates in some
countries such as in Oman where consumption may be low due to G6PD (the prevalence of G6PD in
Oman is 20-25 % (18).

Eleven out of thirteen participating countries tested fosfomycin. In the Middle East, it is usually
not routinely tested. Fosfomycin emerged as the most active antimicrobial in vitro, with both India
and Pakistan, reporting high HM > 96%. Kalyani and Bhubaneswar in E. India reported 98-99% as
did Maldives and Benin (95%), which were consistent with other reports (19-21). Cairo and three
centres in Pakistan (two: Peshawar, one: Karachi) reported 100% susceptibility. Declining fosfomycin
susceptibilities (94-92%) in E. coli causing uncomplicated UTI have been reported from Pakistan and
Egypt (61.5%) (17,22-24). Dnipro at 82% was lower than previous reports (98%) from Ukraine (25).
Thus, fosfomycin as a single oral dose of 3 grams is an alternative choice for uncomplicated cystitis
for prescribers struggling with widespread resistance. Monitoring of resistance is essential, as reports
of resistance are emerging (26). It is important to bear in mind that fosfomycin is a useful salvage
drug for infections involving extremely- and pan- drug resistant bacteria.

However, higher clinical and microbiologic cure was observed with 5-day nitrofurantoin than
single dose Fosfomycin (27). Multiple doses of fosfomycin have been considered in complicated UTI
but not in simple cystitis (28).

Significant variations in cotrimoxazole susceptibility were observed between HIC and LMIC,
(79% in Toronto to 10% in Benin), rates which were corroborated by Marchand-Austin et al.,2022 and
Assouma et al., 2023 (11,29). Among the HIC, the susceptibility was = 70% in the temperate ones and
<60% in Qatar and Saudi Arabia. Oman fared better, 66% (74% in Ibri health centres to 56% in a centre
in Muscat). Maldives, topped with (70%) in IS, followed by India (61%) and Pakistan (35%) Similar
rates have been reported others (20,30).

Fluoroquinolone sensitivity in the temperate sites was excellent: Toronto (89%), London (86%)
which are higher than a previous report from Toronto (83%) but lower than rates reported from
England (7.6%) (11,31) followed by Dnipro, 76%. Salmanov et al have reported similar susceptibilities
in Ukraine (25). In the HIC ME, ciprofloxacin susceptibility ranged between 51%-60%. Lower
ciprofloxacin rates (35.86%) were reported by Sid et al among Gram negative bacilli (32). Rates from
Maldives (57%), Cairo (45%) and Bangladesh (41%) were double that observed in Iran (26%) and
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India (21%). Similar rates have been reported previously. Benin was 34%. Lowest susceptibility
(16%) was observed in Pakistan which was less than half that (35%) reported a decade earlier (33).

Ciprofloxacin rates were comparable to that of co-trimoxazole in Oman, Qatar, KSA (61% vs
64%), Doha, Qatar (52% vs 57%) and Buraydah, KSA (51%-50%), Iran (26% vs 38%) and Dhaka 41%-
52%). Ebrahim Rezazadeh Zarandi et al 2023 (12) reported the reverse in Iran, 66.7% vs 77%. The
difference was striking in India (21% vs 55%), Pakistan (16%-34%) and Maldives (57%-70%). These
findings were corroborated by Khursheed N et al (17). In contrast, fluoroquinolones fared better in
London (86% vs 70%) and Toronto (89% vs 79%) than co-trimoxazole which was borne out by others
(11,31).

Augmentin rates were better than ciprofloxacin in Oman (71% vs 61%), India (29% vs 21%), Iran
(74%-26%), as also in Qatar, KSA, Maldives and Ukraine. Similar results have been reported by
others. Salmanov et al 2023 (25). The exceptions were London (62% vs 86%), Dhaka (32% vs 41%) and
Cairo (35% vs 45%). Carter et al (31) and Tarek et al (34) reported better augmentin susceptibility.

Ceftriaxone susceptibility (65-45%) was lower than that of ceftazidime (83-52%) in Maldives,
Qatar, Oman, India and Iran in that order, suggesting higher prevalence of CTX-M enzymes. London
(89%) and Male (83%) had the highest susceptibilities to ceftazidime while Benin reported lowest
(20%), which was corroborated by Assouma et al (29). A much lower susceptibility (51%) was
reported from Qatar in Gram negative bacilli, (32). A study from Iran reported similar susceptibility
(57.5%) to ceftazidime (12). In Dnipro susceptibility to both was 65% which contrasts with the higher
rate (89-86%) in a previous study (25). Similar susceptibility to both was observed in Buraydah, (55%
to both) and Cairo, (ceftriaxone-45% vs ceftazidime-47%). In Pakistan and Dhaka, ceftriaxone
susceptibility was superior to ceftazidime’s (56% vs 30% and 42% vs 36% respectively). Despite low
national averages, a site each in India and Pakistan had high ceftriaxone susceptibility rates > 80%.
Balochistan in Pakistan reported lower susceptibilities to ceftriaxone (35.65% ), cefotaxime (24.46%),
ceftazidime (50.57%), cefepime (46.56 %) among uropathogenic E.coli. (35). Previously 70%
susceptibility to ceftriaxone, 72% to ceftazidime and 73% to cefipime was reported from Oman (30).

Cefepime susceptibility largely mirrored ceftazidime susceptibility. It was highest in Qatar, 83%
and lowest in Iran, 23%. Much higher susceptibility (53.2%) was reported from Isfahan, Iran.
Buraydah and Dnipro both had 57% and Cairo, 50%. Tarek et al reported lower (45%) susceptibility
from Egypt (34). In the Indian subcontinent, cefepime susceptibility varied widely: Maldives (75%),
Pakistan (64%), Bangladesh 58% and India 57% which was higher than another report (10%) from N.
India (36). This seems to be the first report from Maldives. In the ME HIC, the strict antimicrobial
stewardship and its intravenous formulation make cefepime difficult to use routinely, thus
accounting for its excellent susceptibility.

ESBL prevalence (as estimated by resistance to ceftriaxone) in countries with multiple sites in
increasing order was as follows: 40% in Oman, 44% in Pakistan, 52% in India and 55% in Iran. In the
period between 2013 and 2018, E. coli emerged as the largest ESBL producer (26%) in Oman (15).
Among the single sites, Dnipro and Male had 35%, Qatar, 36%, Cairo 55%, Dhaka 58%, Benin 83%
ESBL prevalence.

Excellent susceptibilities to piperacillin tazobactam (>90%) were observed in the ME HIC except
for Al Buraydah, KSA (75%) Similar rates were reported by Ahmed et al (37) from Buraydah.
Maldives too reported 90%. Susceptibility in Iran was similar to India and Bangladesh (near 80%),
while Pakistan and Cairo both reported around 65%. Malik et al (38), from Rawalpindi, Pakistan
reported 72.57% susceptibility of piperacillin tazobactam to uropathogenic Escherichia coli. Dnipro
and London characterized with temperate climate reported 85% and 86% respectively, which was
lower than that of Oman and Qatar. Population per square km is lower <500 in Oman and Qatar,
which may play a role, as London and Dnipro have populations per sq km which are many fold
higher.

Pakistan and Bangladesh had half the rates,33%-32% respectively, to amoxicillin-clavulanic acid
than India (62%). Egypt and Benin had low susceptibilities, 35% and 37%, similar to Pakistan and
Bangladesh. Ehsan et al (39) from Pakistan reported 83% susceptibility to amoxicillin-clavulanic acid
among ESBL producing uropathogenic E.coli. Qatar and Iran both had 75% which was surprising
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considering the disparities in income. Susceptibility in London was 65%, while Dnipro, was higher
at 82%. Thus interestingly, Oman (hot, low latitude) and Ukraine (temperate) susceptibilities (>80%)
were similar and London (Temperate, high latitude) and Al Buraydah (hot, low latitude) were
similar.

Our study highlights the importance of OPD based antibiograms to better understand the
susceptibility in the community and promote evidence based prescribing.

Amongst aminoglycosides, gentamicin susceptibility was above 80% in the ME HIC and the
temperate West, (Oman, 87%, Qatar, 85%, 80% in KSA, London, 93% Dnipro, 88%). El-Naggari et al
(40) reported 90% susceptibility to gentamicin in E. coli causing recurrent UTI in children in Oman.
In the IS, Maldives and Bangladesh had similarly high susceptibility of 86% and 85% respectively.
Other reports from Bangladesh reveal 67.39% and 71.80% susceptibility to gentamicin (41,42). In the
other LMICs,it ranged from 65% in India to 62% in Iran, 60% in Egypt and 57% in Pakistan. Ehsan et
al (39) reported 79% susceptibility to gentamicin among ESBL producing E.coli in urinary isolates
from Pakistan and 47% in Benin (12).

Amikacin displayed excellent rates in HICs and several LMICs with 100% in Oman, 99%
London, 97% Qatar, and KSA, and Maldives, 92% in Bangladesh and 88% in Dnipro. Similar findings
have been reported by others (41,42). It was between 65%- 80% in India (79%), Cairo (70%), Pakistan
68% followed by 66% in Iran. Jamil et al (Swabi, Pakistan) (43) reported higher sensitivity to amikacin
(76%) among uropathogenic E.coli. Hesam alizade, 2018 (44) reported varying susceptibility to
aminoglycosides across Iran.

Susceptibility to carbapenems was excellent in most HIC and LMIC sites: Dhaka,100%; Oman,
and London,99%; Al Wakra, 98.5%; Buraydah, 97%; Benin 95.5%, Male 94%; Pakistan, 91% Iran. It
was 89% in India (barring two outliers:40% in Gurugram and 56% in Bhopal) and Dnipro 88%.
Saleem et al. (2018) (22) from Pakistan, reported 87.4% and 84.8% susceptibility to imipenem and
meropenem respectively, while Sid et al reported 100% E. coli susceptibility to meropenem in ICUs
in Qatar. Saied Bokaie et al 2021 (45) reported a lower susceptibility of 76% from Mashhad, Iran,
while 92.5% and 95% susceptibilities were reported from Bangladesh (14,42). Prior studies from
Oman report excellent carbapenem susceptibilities (40,46). Ahmed et al (37) reported similar rates
from Buraydah, Al Qassim.

The same susceptibility in temperate and hot climate suggests that climate per se may not have
a role but GDP was identified as a significant factor impacting susceptibility. High temperature was
identified as a contributary factor in the MENA region. While studies have reported increased Gram
negative infections in warmer seasons, we appear to be the first to compare temperature and
humidity in different regions with susceptibility rates in uropathogenic E. coli.

Conclusions

There is a high degree of variability in E. coli susceptibility between and across regions. This can
be at least partially explained by geographic (e.g., temperature) and economic (e.g., GDP) factors.

Our study reveals that GDP significantly impacts E. coli susceptibility in community associated
UTIL. HIC exhibited significantly higher susceptibilities compared to LMICs, reinforcing the
importance of improving healthcare infrastructure, promotion of vaccination, WASH, public
awareness, antimicrobial and diagnostic stewardship efforts in LMICs. The favourable impact of high
temperatures in the Middle East on E. coli susceptibility points to the need of further study in this
area. Despite the variability observed, nitrofurantoin and fosfomycin generally retain good activity
against E. coli across the studied regions and characterised with low collateral damage, they may be
recommended as first-line antibacterial agents for uncomplicated community-acquired UTIs.(27)
Access to these agents should be balanced against the need for antimicrobial stewardship to limit
their use to symptomatic infections and preserve their effectiveness. With rising resistance to the
routine antimicrobials, ME may benefit with access to fosfomycin for management of simple cystitis.
Sequential prescribing of the top three or four antimicrobials rather than reliance on one antimicrobial
may stave off resistance.

Limitations
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Our data may be skewed towards resistance as samples from complicated, unresponsive and
recurrent cases are more often sent for culture and susceptibility testing. (28) To obtain a more
representative picture we need to collect samples from exclusively patients with simple cystitis.

Future directions

Screening of Ante natal cases attending the Obstetrics and Gynaecology OPD clinics may
provide a more representative data for understanding the community susceptibility profile of E. coli.
It will be interesting to explore the evolving molecular modes of resistance keeping in mind the high
level of travel amongst these countries.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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