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ABSTRACT

Background:Urinary tract infection (UTI) is a leading cause of morbidity during pregnancy.
The rising threat of antimicrobial resistance (AMR) amonguropathogens against extended-
spectrum beta-lactams and carbapenems poses a serious treatment challenge. However, there is a
limited data on ESBL- and carbapenemase-producing uropathogens among pregnant women in
Bahir Dar, Northwest Ethiopia.

Objective:To assess the extended-spectrum beta-lactamase and carbapenemase profile of
uropathogens isolated from pregnant women in Bahir Dar, Northwest Ethiopia.

Methods and materials: A facility-based cross-sectional study was conducted at Felege Hiwot
Comprehensive Specialized Hospital (FHCSH) and Tibebe Gihon Specialized Teaching Hospital
(TGSTH) in Bahir Dar, Northwest Ethiopia,from 9 February to 8 May 2026.From the 10mL of
midstream urine sample obtained, 1 pL of it was inoculated into blood and MacConkey agar for
bacterial identification. Antimicrobial sensitivity testing (AST) was performed using the Kirby-
Bauer disc diffusion technique.ESBL and carbapenemaseproduction were detected using the
combined disc diffusion method and modified carbapenem inactivation methods, respectively.
Data were entered into SPSS version 26 for analysis. Logistic regression was done to identify
factors associated with SBU and a p-value < 0.05 was considered statistically significant.
Results:From the total 260 pregnant women recruited, the proportion of significant bacteriuria
(SBU) was 21.2% (55/260).The majority, 40 (72.7%), of the isolates were Gram-negative rods
(GNRs), with uropathogenic E.coli (UPEC) as the predominant pathogen,31 (56.4%). From the
total 40 GNRs, 92.5%, 60%, and 57% were found resistant to ampicillin, trimethoprim-
sulfamethoxazole, and amoxicillin-clavulanic acid, respectively. On the reverse, 97.5% of GNR
isolates were susceptible to meropenem, amikacin, and nitrofurantoin.MDR, ESBL, and
carbapenemase production were observed in 58.2%, 16.2%, and 2.5% of isolates, respectively.
ESBL and carbapenemase-producing isolates were found 100% MDR. Age (15-24 yrs.), third-
trimester gestation, and a history of UTIs showed a statistically significant association withSBU.
Conclusions: A high proportion of SBU was observed, mainly caused by GNRs with high MDR
rates.The isolation of ESBL and carbapenemase-producing uropathogens was also a concern.
This emphasizes challenges in treating UTIs and highlights the importance of screening for SBU
among pregnant women,continuous surveillance of AMR, and rational use of antibiotics.

Key words: Urinary tract infection, ESBL,carbapenemase, pregnant women,Bahir Dar.
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1. INTRODUCTION

1.1 Background

Urinary tract infections (UTIs) are among the most common infections that can occur in any
region of the urinary system, including the urethra, ureters, bladder, and kidney (Al-Kolaibe and
Helmy, 2023).Back pain, lower abdominal pain, fever, vomiting, nausea, chills, dysuria, and

urinary urgency are common symptoms of UTIs(Begum et al., 2022).

Each year, around 150 million UTI cases are being identified, and all age groupsand populations
can be affected(Oztiirk and Murt, 2020). UTIs disproportionately affect women because of their
shorter urethra and the close proximity of the urethral opening to the anus; moreover, the rate of
developing UTIs among pregnant women is higher thannon-pregnant women, associated with
physiological changes that occur during this period,resulting in urine retention in the bladder,
ureteral dilation, and elevated glucose and amino acid levels in urine (Rosana et al., 2016, Biset
et al., 2020).Lower socioeconomic status, previous history of UTI, history of catheterization,
history of diabetes mellitus, and inappropriate wiping after defecation or urination are factors

that increase the risk of UTI during pregnancy (Badran et al., 2015, Getaneh et al., 2021).

UTIs can be caused by a broad rangeof pathogens, including viruses, fungi, and parasites,
although bacteria of the enteric origin are the most common causative agents (THAPA et al.,
2015).Escherichia  coli,Klebsiella  pneumoniae, Enterococcus faecalis,Staphylococcus
saprophyticus, Proteus mirabilis, and Pseudomonas aeruginosa are the most common identified
causes(Akther et al., 2023).UTIs in pregnant women are treated with many classes of antibiotics.
First-line therapeutic options includebeta-lactams, nitrofurans, and sulfonamides(Habak et al.,
2026).

Antibiotic resistance is a rising global problem, andbacterial resistance is spreading as a result of
inappropriate antibiotic use and self-medication. These have caused selective pressure on the
bacterial population, resulting in the emergence of resistant mutants(Benyagoub et al.,
2021).Extended-spectrum beta-lactamase (ESBL) mediated drug resistance is the common mode

of resistance in uropathogens (Fares et al., 2023).



ESBLs are enzymes produced by the Enterobacteriaceae and other non-lactose fermenters. They
hydrolyze and inactivate beta-lactam antibiotics, making them ineffective in treating infections
caused by those bacteria that have developed resistance to penicillin, third-generation
cephalosporins, and monobactams. The genes that encode ESBL are diverse in nature, with the
most dominant gene families worldwide being blatem, blashy, and blacrx.v; these genes are
commonly found on plasmids that carry antimicrobial resistance (AMR) genes, providing
resistance to various antibiotics. Thus, many ESBL-producing bacteria are also resistant to non-f3-
lactam antibiotics, which are common treatment options; including, aminoglycosides,

trimethoprim-sulfamethoxazole, and chloramphenicol(Husna et al., 2023).

Treatment choices for UTIs caused by ESBL-producing pathogens, especially in cases of serious
conditions, including pyelonephritis, and considered the last resort antibiotics are carbapenems.
Antibiotic resistance for those drugs may arise through carbapenemase production encoded by
the common genes such as blakpc,blanpm, blaoxa, and blae. So, ESBL-carbapenemase-
producing bacterial pathogens have become a significant public health concern globally because
of their high level of drug resistance, which substantially limits therapeutic options for
UTIs(Rodriguez-Bafio et al., 2018, Tamma et al., 2021)

Antenatal care (ANC) in developing countries, such as in Ethiopia, does not include routine urine
culture screening, and therapy is empirically based. This can lead to the emergence and spread of
antibiotic-resistant bacteria, including ESBL and carbapenemase-producing.Periodic surveillance
of AMR is important to provide effective empirical treatment, to be aware of emerging
pathogens, to develop rational prescribing practices, and to make policy decisions (Belete,
2020).Despite this, there is limited data regarding the extent of ESBL-carbapenemase-producing
bacteria in UTIsamong pregnant women in Bahir Dar, Northwest Ethiopia. Therefore, this study
was aimed at assessing extended-spectrum p-lactamase and carbapenemase profile of

uropathogens among pregnant women in Bahir Dar, Northwest Ethiopia.



1.2. Statement of the problem

UTlIs are one of the leading causes of maternal and newborn morbidityand mortality during
pregnancyand are linked to a number of adverse outcomes for mothers and newborns, including
low birth weight, preterm birth, stillbirth, preeclampsia, maternal anemia, sepsis, and
amnionitis(Rosana et al., 2016, Yetera et al., 2024). UTIs and other infections were responsible
for 10.7% of maternal deaths occurred in 2021globally (Ribeiro-do-Valle et al., 2024, Cao et al.,
2025).UTIs are one of the most common pregnancy-related health concerns, with a global
prevalence of 3% to 35%; developing nations, particularly those in Sub-Saharan Africa,

havehigher prevalence rates (Belete, 2020).

AMR is one of the urgent global health threats, and according tothe World Health Organization
(WHO) report,bacterial AMR directly led to 1.27 million global deaths in 2019 and contributed
to 4.95 million fatalities worldwide(WHO, 2023). A growing concerning aspect of AMR is the
emergence of ESBL-carbapenemase-producing uropathogens, and the overall prevalence of
ESBL-producing uropathogens in pregnant women is 25% globally, with high estimated
prevalence ratesfound in Africa (45%)(Mansouri et al., 2019, Getie et al., 2023).Indeveloping
countrieslike Ethiopia, AMR and its impact are significant. Around 30.92% and 15.12% of UTIs
are caused by ESBL-carbapenemase-producing bacteria in the country, respectively(Tigabie et
al., 2025).

Studies showed there is a high burden of AMR and ESBL-carbapenemase-producing bacteria in
Bahir Dar. According to studies conducted from various clinical samples, about 85.8% and
16.2% of Gram-negative bacteria were ESBL-carbapenemase-producers, respectively(Moges
etal., 2019). In addition, 19.2% and 5.8% of uropathogens isolated from catheterized
patientswere ESBL and carbapenemase-producers. Based on this study, isolated bacteria showed
a high level of resistance to commonly used antibiotics for treating UT]Is, and all carbapenemase-
producing isolates showed non-susceptibility to manyclasses of antibiotics tested (Asmare et al.,
2024).Poor infection prevention and control practices, inappropriate use of antibiotics, over the
counter availability of different antimicrobials, and lack of standard laboratory facilities for
antimicrobial susceptibility testing (AST) are factors that might contribute to the occurrence and
spread of those superbugs in the area (Ameshe et al., 2022).



UTIs caused by those pathogens during pregnancy raisethe risk of maternal and neonatal
complications, which might be linked with prolonged hospitalization, increased health costs,
high morbidity, and high mortality; therefore, evidence regarding the magnitude of those bacteria

among pregnant women is important (Bulabula et al., 2017).

A previous study conducted in Bahir Dar among pregnant women revealed a 9.5%
overallprevalence of UTI, while the prevalence among symptomatic was 18.9%.Factors such as
history of UTI andlow socioeconomic statuswere associated with increased prevalence in the
study area(Demilie et al., 2012, Emiru et al., 2013). Besides, previous studies did not assess the
ESBL and carbapenemase-production profile of the isolates, which are the current worldwide
threat. Considering this gap, and taking the dynamicnature of AMR into account, periodic data
on the AMR profile of uropathogens is important to understand the trend and guide effective
treatment of UTI among pregnant women. Therefore, the aim of this study was to assess ESBL
and carbapenemase profile of uropathogens among pregnant women in Bahir Dar, Northwest

Ethiopia.



1.3. Significance of the study

The findings of the study have the following significance;

e This study provided updated data on the types of bacterial uropathogens and their
antimicrobial susceptibility profile among pregnant women.

e This study also showed the magnitude of ESBL-carbapenemaseproduction of the isolates
among pregnant women.

e The data from the study would be important for policymakers, and stakeholders to be
aware of the burden and implement appropriate interventions for controlling the
multidrug-resistant (MDR) and ESBL-carbapenemase-producing bacterial pathogens.

e Moreover, the study findings would serve as an input to develop an updated treatment
guideline, which would improve the management of UTIs in pregnant women and would

also be used as baseline data for researchers for further studies.



2. LITERATURE REVIEW

Clinically, UTIs can be categorized as uncomplicated and complicated. The former happens in a
healthy, non-pregnant woman with aneurologically and structurally normal urinary tract, while
the latter occurs in patients with compromised urinary tract structure or function, such as during
pregnancy or in neurologic impairments that cause urine retention, or in the presence of a foreign
body, such as catheters or calculi. UTIs in pregnancy can range from asymptomatic bacteriuria to
cystitis and pyelonephritis (Matulay et al., 2016, Silverman and Turrentine, 2023).During
pregnancy, pregnant women experience ureteral dilatation, which persists until
childbirth.Decreased bladder tone, in addition to reduced ureteral tone, are thought to contribute
to increased urine stasis. Around 70% of pregnant women experience glycosuria, which is
believed to support bacterial growth (Nowicki, 2002).Gram-positive and Gram-negative bacteria,
usually facultative anaerobes of the intestinal flora, are the main causes of infections in the

urinary tract (Fatima and Mussaed, 2017).

2.1Prevalence and Etiology of UTIs among Pregnant Women

The prevalence of UTIs among pregnant women varies significantly across countries and
regions.Globally,many of the studies conducted have shownGram-negative rods (GNRS),
includinguropathogenic E.coli (UPEC), as the leading etiologic agents of UTIs in pregnant
women.Studies from the Middle East revealed a moderate to high prevalence of UTI. In a study
conducted in Southwest Iran, the prevalence of UTI was 9.8% (221 out of 2245),in which GNRs
caused 89.6%o0f the cases.In this study, E. coli (173, 78.3%) was the most frequent pathogen
isolated from urinary cultures, followed by S. aureus (14, 6.33%) and Enterobacter spp (12,
5.4%) (Omidifar et al., 2020).Likewise, a study conducted in Irag on 5,042 pregnant women
reported an overall SBU prevalence 0f12.40%, of which 31.68% (198) were symptomatic.
Klebsiella pneumoniae isolates at 92 (14.31%)were the second most dominant bacteria following
E. coli (363, 56.45%), while CoNS were the predominant Gram-positive pathogens at 41
(6.38%)(Taha, 2024).

Furthermore, a study carried out in theUnited Arab Emirates, recruiting 682pregnant women,
found a 17.9% prevalence ofUTI, reporting thatGroup B Streptococcus (25%) isolates were the
second most commonly isolated bacteria following E. coli(27%) (Dube et al., 2022).



The high UTI prevalence was recorded in Yemen at 60% among 350 recruited pregnant women,
where the three most often isolated pathogens wereEscherichia coli accounted for 90/210
(42.9%), Staphylococcus aureus,50/210 (23.8%), and Klebsiella pneumoniae, 25/210 (11.9%)
(Al-Badaii et al., 2023).

In Africa, UTIs remain a major concern in pregnant women. Astudyconducted
inJohannesburg,South Africa, on 1984 specimens belonging to pregnant womenreported a total
prevalence of symptomatic UTI of 16.8%, where E. coli isolates were the most prevalent
(49.9%), followed by Klebsiella species (14.4%) and Enterococcus faecalis (12.9%)(Orji et al.,
2022).Ahigh prevalence was reported in SouthwesternUganda, where SBU was observed in 35%
of pregnant women (140/400). Unlikemany of the studies, Klebsiella pneumoniae was the
predominant isolate at 52(37.41%), followed by Escherichiacoli at 40(28.78%) (Johnson et al.,
2021).

UTlIs continue to be a prevalent maternal health issue, according to research done in Ethiopia.
Even though the overall etiologic pattern is similar to that reported globally, the prevalence and
the distribution of bacterial isolates vary between locations. A study conducted in Bale Zone,
Southeast Ethiopia, by recruiting 169 pregnant womenindicated that the overall prevalence of
UTI was 26% (44/169),with symptomatic cases accounting for 18/51 (35.3%); based on this
study,from the total of 44 bacteria isolated, E. coli 12/44 (27.3%), K. pneumoniae9/44 (20.5%),
and S. marcescens 4/44 (9.1%) were the commonest bacterial pathogens, and no Gram-positive

bacteria were isolated (Taye et al., 2018).

In another similar study conducted at Hiwot Fana Specialized University Hospital, Harar,
Eastern Ethiopia, 200 study participants were included, and the prevalence of UTI was 15.5%
(31/200). In this study,13/62(20.9%) had shown SBU among symptomatic. Similar to other
studies,Escherichia coli (45.2%) was the most frequently isolated uropathogen, followed by
Proteus spp (22.6%), Klebsiella pneumoniae (16.1%), and Staphylococcus aureus
(9.7%)(Ejerssa et al., 2021).



A study conducted at Dil Chora Referral Hospital in Dire Dawa, Ethiopia, found a prevalence of
SBU among symptomatic pregnant women of 17% (15/88); in line with many other studies,
GNRs were predominant 73.1%, and E. coli was found to be the most frequent isolate (34.6%),
followed by CoNS(19.2%), P. aeruginosa (15.4%), and Klebsiella spp(Derese et al., 2016).
Similarly, in another study undertaken at Hawassa,Southern Ethiopia, recruiting 296 pregnant
women, E. coli was the most frequently isolated bacteria (47.8%), followed by K. pneumoniae
(17.4%) and S. aureus (8.7%); in this study,UTI was observed in 7.8% of participants (Tula et
al., 2020).

In another study conducted at Nekemte Specialized Hospital in the East Wollega Zone of
Ethiopia, which recruited 296 study participants, the prevalence of SBU among symptomatic
pregnant women was 21%.In this study, GNRsaccounted for the majority of the isolates, 27
(61.4%), and E. coli, 18 (40%), was the most common bacterial isolate, followed by CoNS,9
(20.5%)(Abebe et al., 2025).According to a study conducted at Dessie Referral Hospital,
Northeastern Ethiopia, the prevalence of UTI was 15.5% (50/323), while the prevalence among
symptomatic was 26.6% (21/79), respectively; similar to the above study, Escherichia coli at 17
(33.3%), were the predominant isolates, followed by CoNS, 15 (30.0%)(Belete, 2020).



2.2. Antimicrobial susceptibility of bacterial isolates andESBL- CarbapenemaseProduction
A developing and significant public health problem that raises morbidity and mortality is
antibiotic resistance.Resistance to routinely administered antibiotics in urinary tract infections is

constantly increasing, and resistance rates vary from region to region (Sher et al., 2024)

A study was conducted over two yearsatNagpur, India. In this study, all GNRs were sensitive to
carbapenems (imipenem and meropenem). Nitrofurantoin was found to be an effective antibiotic,
inwhich 87.09% of GNRs and 100% of Gram-positive cocci were susceptible toit.Methicillin
resistance was observed in 50% of Staphylococcus isolates. However, all were sensitive to
nitrofurantoin and vancomycin. Regarding ESBL-Carbapenemase production,ESBL production
was detected in 19.35% ofEnterobacterales and none of the isolates produced carbapenemase
(Patil et al., 2024).

In contrast, a study conducted in Nigeria reported a high level of resistance tomeropenem
(48.6%), imipenem (31.4%), ceftriaxone (20%),and ceftazidime (22.9%); in this
study,piperacillin-tazobactam was the most active antibiotic, with 82.9% of isolates sensitive
toit, followed by ciprofloxacin (26, 74.3%), ceftazidime (25, 71.4%), ceftriaxone (25, 71.4%),

and 34.3% of isolates were carbapenemase-producing (Ogban et al., 2024).

A study from South Africaalso showed variation in susceptibility patterns among different
uropathogens.Antibiotics such as amoxicillin/clavulanic acid (82%), ciprofloxacin (88%),
nitrofurantoin (95%), and gentamicin (93%) were effective against E. coli isolates, while those
bacteria were less sensitive to ampicillin(24%)and trimethoprim/sulfamethoxazole (38%).In
contrast,E.faecalis isolates ~ were  susceptible  to  ampicillin/amoxicillin ~ (99%)and
trimethoprim/sulfamethoxazole (95%).The prevalence of ESBL producing E. coli was 7% and

9% in K. pneumoniae. The prevalence of MDR uropathogens was low (4%)(Zwane et al., 2021).

In a study in Kenya, high resistance among the E. coli isolates was observed against ampicillin
(88.9%), nalidixic acid (86.7%), and cephalosporins. In contrast, the isolates remained highly
susceptible to amoxicillin-clavulanic acid (86.6%), imipenem (100%), and nitrofurantoin
(98.8%) (Onyango et al., 2018).

S. aureus isolates were fully susceptible toamoxicillin-clavulanic acid, nitrofurantoin, and

Chloramphenicol; however, imipenemresistance was observed in 20% of S. aureus, 14.3% of K.
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pneumoniae, and all Enterococcus isolates. MDR was observed in 96% of the isolates.Around
20% of isolated S. aureuswere methicillin resistant, and 16% of K. pneumoniae and 22% of E.

coli isolates were found ESBL producers(Onyango et al., 2018).

Ina study carried out in Hargeisa, Somaliland, a relatively high level of resistance was observed
against ampicillin (87%), amoxicillin (85%), cefotaxime (57%), and cephalexin (52%) by
isolated Gram-negative bacteria. On the other hand, most of the isolates were susceptible to
nitrofurantoin. Regarding ESBL profile, 25 isolates (32%) were ESBL producers. Particularly, P.
aeruginosa 3(42.9%), E.coli 14(38.8%), K. pneumoniae5(31.3%), P. mirabilis, 1(20%),
Citrobacter Spp 1(33.3%),and EnterobacterSpp at 1(100%) (Mohamoud et al., 2021).

A study was conducted at ALERT Hospital, Addis Ababa, Ethiopia. In this study, 50% (n =
6/12) of GNRswere ESBL producers, and all were resistant to amikacin and gentamicin while,
they were susceptible to nitrofurantoin (83.3%) and chloramphenicol (83.3%). In this study, 60-
100% of GNRs developed resistance to ampicillin and trimethoprim/sulfamethoxazole. But all of
those isolates were sensitive to nitrofurantoin, meropenem,amikacin, and gentamicin.Among the
total GNRs, MDR was observed in 80% of the isolates (Getie et al., 2023).

In another similar study conducted at Hiwot Fana Specialized University Hospital, Harar,
EasternEthiopia. Among the isolated bacteria, amikacin showed the highest efficacy, with 96.4%
of the isolates were susceptible,followed by nitrofurantoin (90.3%) and gentamicin (83.9%);
conversely, the isolates showed high level resistance to ampicillin (58.1%), amoxicillin-
clavulanate (51.6%), and cotrimoxazole (51.6%)(Ejerssa et al., 2021).

Nitrofurantoin (100%), gentamicin (100%), and clindamycin (100%) were found effective
antimicrobial agents for Gram-positive bacteria in a study conducted at Hawassa, Southern
Ethiopia. In this study, Gram-negative bacteria showed a high level of sensitivity
tociprofloxacin(78.3%), gentamicin (91.3%), and nitrofurantoin (100%) and high resistance
against cotrimoxazole (68.2%) (Tula et al., 2020).

A study conducted at Dessie Referral Hospital in northeastern Ethiopia reported that 15.8% of
GNRs were ESBL producers. In this study, 80% of GNRs were MDR, and the majority of those
uropathogens demonstrated a high rate of resistance(65.0%) for ampicillin, and relatively low
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level of resistance to nitrofurantoin (25.0%), norfloxacin (25.0%), and ceftazidime 3 (15.0%).
Ahigh level of resistance was observed by Gram-positive bacteria to penicillin 29 (93.5%) and
trimethoprim-sulfamethoxazole 23 (79.3%). On the reverse, 100.0% of those isolates were
sensitive to nitrofurantoin(Belete, 2020).

A similar study carried outat Gondar, Northwest Ethiopia,revealed that 18.2%o0f
Enterobacteriaceae were ESBL producers. High resistance rates among Gram-negative isolates
were observed for ampicillin (90.9%), cephalothin (84.8%), and amoxicillin-clavulanate
(57.6%). Moreover, fifty seven percent ofGram-negative bacteria were MDR in this study, and
100% of those isolates were susceptible to nitrofurantoin. Regarding Gram-positive bacteria,
they showed low susceptibility to penicillin (89.3%) and cotrimoxazole (75%); however, high
susceptibility rates for gentamicin (100%), amikacin (100%), and nitrofurantoin (98.36%) were
observed in this study (Biset et al., 2020).

2.3. Factors associated with bacteial UTI among pregnant women
Several factors may increase the occurrence of UTI during pregnancy. A cross-sectional study
conducted in Yemen found that age, trimester of pregnancy, gestational age, and residence were

significantly associated with UTI. The higher prevalence among women aged 20-40 years may
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be related to higer sexual activity. The risk may also increase with advancing pregnancy,
particularly in later trimesters, due to hormonal and anatomical changes that cause urinary stasis.
Differences by residence may reflect variations in sanitation, access to healthcare, and hygiene
practices (Al-Badaii et al., 2023). Similarly,history of UTI, educational status, Parity,
andoccupation of pregnant women were found significantly associated with UTI in a study
conducted in Nepal. According to this study, multiparous, third-trimester, and housewife women
had a higher risk of UTI. Multiparous women may have increased risk due to repeated

pregnancy-related urinary tract changes and pelvic floor alterations(THAPA et al., 2015).

History of chronic diseases, such as diabetes mellitus and, frequency of sexual intercoursewere
also factors that are associated with UTI among pregnant women as supported by study
conducted in Saudi Arabia. Diabetes may increase UTI risk through impaired immune function,
glycosuria, and reduced ability to clear urinary pathogens, while frequent sexual intercourse may
facilitate the entry of bacteria into the urinary tract and increase the risk of ascending
infection(El-Kashif, 2019, Badran et al., 2015). Direction of wiping after genital wash and
postcoital urination were associated with SBU according to study conducted in Harar, Eastern
Ethiopia. Wiping from back to front may facilitate the transfer of perineal bacteria toward the
urethra, increasing the risk of ascending infection, whereas postcoital urination may help flush
bacteria introduced into the urinary tract during intercourse and thereby reduce the risk of
SBU(Edae et al., 2020).

A cross-sectional study carried out at Dessie Referral Hospital in Northeastern Ethiopia found
that prior history of UTI and catheterization were factors showed a stastically significant
association with UTI. Previous UTI may increase recurrence through persistent bacterial
colonization, while catheterization provides a surface for bacterial adhesion and biofilm

development, facilitating persistence and ascending infection(Belete, 2020).

Table 1: Summary of literature review on Prevalence and etiology of UTIs among Pregnant

Women
No | Author. Study design and | Country Prevalence of SBU Predominant bacterial isolates
Year sample size
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1 Omidifar et | cross-sectional, 2245 | Iran 9.8% (221/2245) 89.6% gram negative bacteria E.
al., 2020) coli 78.3%, S. aureus(6.33%),
Enterobacter spp (12, 5.4%),
Klebsiella spp (7, 3.2%),
2 | Al-Badaii et | cross sectional 350 Yemen 60% (210/350) E. coli90/210 (42.9%),
al., 2023 S. aureus,50/210 (23.8%),
and Klebsiella pneumoniae,
25/210 (11.9%)
3 | (Orji et al., | retrospective  cross | South Africa 333 (16.8%) E. coli (49.9%). Klebsiella
2022). sectional, 1984 species (14.4%),
specimens Enterococcus faecalis (12.9%),
and CoNS (8.9%)
4 | (Johnson et | cross sectional, 400 Uganda 140/400 (35%) Gram negative bacteria
al., 2021) (73%): Klebsiella pneumoniae,
52(37.41%), and E.coli,
40(28.78%) , S.
aureus33(23.57%)
5 | (Taye etal., | cross sectional, 169 Bale Zone, | 44/169 (26%), E. coli 12/44 (27.3%),
2018). Southeast Ethiopia | 18/51 (35.3%) in | K. pneumonia 9/44 (20.5%) and S.
symptomatic marcescens 4/44 (9.1%)
6 (Ejerssa et | Cross sectional,200 Harar,Eastern 155% and 20.9% | Escherichia coli (45.2%), Proteus
al., 2021) Ethiopia (13/62) symptomatic | spp. (22.6%),
Klebsiella pneumoniae (16.1%)
7 (Abebe et | Cross sectional,296 Nekemte, Ethiopia | Symptomatic 21.5% | Gram-negative 61.4%, E. coli 18
al., 2025) (23/107) (40%) andCoNS 9 (20.5%)
8 (Belete, Cross sectional,323 Dessie,Ethiopia Symptomatic E. colil? (33.3%), CoNS15
2020) 26.6%(21/79) (30.0%)
Table 2: Summary of literature review on antimicrobial susceptibility of bacterial isolates
and ESBL-carbapenemase production among pregnant women
No Author. Study Country | Findings MDR, ESBI and
carbapenemase
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Year design and profile
size
(Patil et | Cross India Gram positive cocci 100% resistance to penicillin and | 19.3% ESBL (30%
al., 2024) | sectional, 100% sensitive to nitrofurantoin. Gram | E. coli and 40%K.
400 negativeshowedhigh susceptibility to carbapenems, | pneumoniae, 0%
nitrofurantoin, gentamycin & amikacin (80-100%) carbepenmase)
(Ogban Cross- Nigeria | Isolatesshowed a high rate of resistance to meropenem | 34.3%
et al., | sectional, (48.6%), imipenem (31.4%), ceftriaxone (20%), and | carbapenemase-
2024). 349 ceftazidime (22.9%). producing
(Onyang | cross- Kenya | High resistance among the E. coli isolates was 96% MDR, ESBL
o etal, | sectional observed against ampicillin (88.9%), nalidixic acid Eg:]:Jmoniae and
2018). study,210 (86.7%), and cephalosporins. 22% of E. coli
(Tula et | Cross Hawass | Nitrofurantoin (100%), gentamicin (100%), and
al., 2020) | sectional, | aSouthe | clindamycin (100%) were found effective
296 m antimicrobial agents for Gram-positive bacteria.
Ethiopia Gram-negative bacteria showed a high level of
sensitivity  tociprofloxacin(78.3%), gentamicin
(91.3%), and nitrofurantoin (100%) Both showed
high resistance to cotrimoxazole (>50%)
(Biset et | cross- Gondar, | High resistance rates among Gram-negative | 60% MDR and
al., 2020 | sectional | Northwe | jsolates were observed for ampicillin (90.9%), | 18.2% ESBL
study,384 | st cephalothin (84.8%), and amoxicillin-clavulanate | Preduction
Ethiopia (57.6%).
nitrofurantoin was effective antibiotic (100%). Gram
postive showed high resistance to cotrimoxazole (75%)
and penicillin (89.3%).Gentamycin 100% effective

2.4. Conceptual framework

In order to show the link between associated factors and bacterial UTI (SBU) a conceptual

framework was developed based on findings of the literature review (Figure 1). The framework
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broadly explains the associated factors of bacterial UTland the link among them by classifying

them in to fourgroups’ namely socio-demographic, clinical, behavioral,and pregnancy related

factors.

Socio demographic

factors
o Age
e Residency

e Occupation

Behavioral factors

Direction of vaginal wash after
toilet
Habit of post coital urination

Bacterial UTI

Clinical related factors

(SBU)

e Family income

e Educational status

Pregnancy related factors

o Parity
e Gravidity
e Gestationalperiod

e Previous history of UTI

¢ History of catheterization

e History of Diabetes
Mellitus

e History of Hospitalization

Figure 1: Conceptual framework for bacterial UTIs and ESBL-carbapenemase production

of bacterial uropathogens among pregnant women.
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3. OBJECTIVES

3.1. General objective

» To assess extended-spectrum beta-lactamase and carbapenemase profile of uropathogens

isolated from pregnant women in Bahir Dar, Northwest Ethiopia.

3.2. Specific objectives
» To determine the proportionof significant bacteriuriaamong pregnantwomen with
presumptive urinary tract infection attending antenatal care.
» To determine the antimicrobial resistance profile of the isolates.

»> To determine the magnitude of extended-spectrum beta-lactamases and carbapenemase
producing isolates.

» To identify factors associated with significant bacteriuriaamong pregnant women.
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4. METHODS AND MATERIALS

4.1. Study setting

The study was conducted in Bahir Dar, the capital city of Amhara National Regional State,
Northwest Ethiopia. It is located 565 km Northwest of Ethiopia’s capital city, Addis Ababa. The
total population of Bahir Dar city is estimated to be 441,149, with 220,497 males and 220,652
females (Adigeh, 2023).The city currently has three government hospitals and ten health
centers.This study was conducted in Felege Hiwot Comprehensive Specialized Referral Hospital
(FHCSH) and Tibebe Gihon Specialized Teaching Hospital (TGSTH).

FHCSH was established in 1952 and provides services for people in Bahir Dar city and the
surrounding zones. It currently provides comprehensive healthcare services. It serves a
population of more than 10 million in the region. The FHCSH has 13 wards with 500 beds and
approximately 1420 healthcare staff. ANC is undera branch of the department of gynecology and
obstetrics; about 10,967mothers attendANC each year, and it has3 general practitioners, 2

gynecologists, and 17 midwives under ANC.

TGSTH is another hospital located in Bahir Dar. TGSTH was established in 2019 and is a
tertiary-level hospital that serves over 7 million populations. At present, the hospital has 12
wards and 503 beds. Additionally, it houses around 1,000 healthcare professionals. It is a modern
tertiary-level facility equipped to deliver comprehensive clinical, surgical, and diagnostic
services. In ANC ward about 7057 mothers attend each year, and under, ANC there are 3

residents, 4 midwives, and 3 general practitioners.

Urine dipstick, urine microscopy, and culture are the methods used to diagnose UTIs in these
hospital laboratories.Studies showed there is a high practice of inappropriate antibiotic usage,
including self-medication and non-prescription supply of antibiotics, as well as poor infection
prevention and control strategies in the community of Bahir Dar city and healthcare settings
(Gebeyehu et al., 2015, Tekle et al., 2025, Yallew et al., 2017). Furthermore, studies showed
increasing AMR and the presence of ESBL-carbapenemase-producing pathogens in those study
settings (Moges et al., 2019, Asmare et al., 2024).
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4.2. Study design and period

An institution-based cross-sectional study was conducted from9 Februaryto 8 May 2026 in Bahir

Dar, Northwest Ethiopia.

4.3. Population

4.3.1. Source population

The source population comprised pregnant women of all age groups attend ANC at selected

institutions.

4.3.2. Study population
The study population waspregnant women attending ANCwho were clinically suspectedof UTI

during the study period.

4.4. Inclusion and exclusion criteria
4.4.1. Inclusion criteria
Pregnant women regardless of their gestational period, and attendingANC in the selected

facilities with signs and symptoms of UTIs were included in the study.

4.4.2. Exclusion criteria
Pregnant women who took antibiotics two weeks before the time of data collection period were

excluded in the study(Mohamoud et al., 2021).

4.5. Variables

4.5.1. Dependent variable
» Significant bacteriuria.

4.5.2. Independent variables
» Socio-demographic status: age, marital status, residence, educational status,

occupational status, and family income.

» Pregnancy related factors: Gestational period, gravidity, parity.

» Clinical relatedvariables: Previous history of UTI, history of diabetes mellitus,
history of hospitalization last 3 month, history of catheterization last 3 month.

» Behavioral factors:direction of vaginal wash after toilet, habit of post coital urination.
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4.6. Sample size determination

The sample size was determined by using single population proportion formula: n = (Za/2)?P(1
— P)/d? and taking the estimated prevalence of symptomatic UTI among pregnant women, p=
18.9% (0.189), from a previous study conducted in Bahir Dar (Demilie et al., 2012). Considering
a 95% confidence interval (Zo/2) and a 5% margin of error (d), the sample size was calculated as
n = (1.96) 2 *0.189(1- 0.189)/ (0.05) % = 236. Considering a 10% non response rate, the final
sample size was 260, and the sample size was determined using the estimated prevalence of
ESBL, P=18.2% (0.182), which was taken from the study in Gondar (Biset et al., 2020), and the
sample size was calculated as n = (1.96) 2 *0.182(1- 0.182)/ (0.05) 2 = 229. By considering a
10% non response rate, the sample size was 252. The Sample size was also calculated using
associated factor using Epi Info software, but it was lower.So,the sample size calculated using
the prevalence of symptomatic UTI was higher, and the final and minimum sample size was
found to be 260. The sample size was proportionally allocated based on yearly ANC flow inthe
study setting.So, the total flow was 10,967 in FHCSHand 7057 in TGSTH.

The total ANC flow in those study settings was =10,967+7,057=18,024.So, the sample for each
study setting was-FHCSH=10,967/18024*260= 158, andTGSTH=7057/18024*260=102.

Table 3 : Sample size determination using associated factors of UTI among pregnant
women

Variable Confid | Power(%) | % AOR Samplesize (n) | After Referenc
ence Outcome addingl0 | e
level inunexpos %non-
(%) ed response
rate
Historyofcatheterization | 95 80 11.2 3.270 176 194 (Belete,
2020)
History of UTI 95 80 55 8.824 74 81 (Belete,
2020)
Direction of vaginal 95 80 39.3 2.853 134 147 (Edae et
wash after toilet al., 2020)
95 80 10.7 3.160 194 213 (Edae et
Postcoital urination al., 2020)
Family monthly income | 95 80 4 5.581 168 185 (Emiru et
al., 2013)
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4.7. Sampling technique and procedure
A convenience sampling technique was used. All pregnant women who fulfilled the inclusion

criteria during the study period wereconsecutivelyenrolled until the desired sample size was
attained.

4.8. Data collection

4.8.1. Socio-demographic data

A structured questionnaire was used to obtain information related to sociodemographic,
clinical,behavioral, and pregnancy related data.Those data were collected after explaining the
background information, the aim of the study, and obtaining written consent from study

participants.

4.8.2. Laboratory data

4.8.2.1. Specimen collection and transportation

From each participant, about 10 ml of clean catch mid-stream urine was collected using a sterile,
leak proof, wide-mouth plastic container after giving proper instructions to the women on how to
collect midstream urine. The container was labeled with the unique sample number, date, and
time of collection. Then the urine specimens were transported to the medical microbiology
laboratory of the Department of Medical Microbiology, School of Medical Laboratory
Sciences,College of Medicine and Health Sciences, Bahir Dar University, Ethiopia, using an
icebox and processed as soon as possible.

4.8.2.2. Bacterial Isolation and identification
A 1pLvolume of urine specimens were directly streaked in to blood and MacConkey agar. After

that, the plates were incubated under the aerobic condition at 37°C for 24 hours, and then
colonies were counted to check the presence of significant growth. Colony counts yielding
bacterial growth of >10° CFU/mL of urine were regarded as SBU. Growths of more than two
mixed isolates were considered contamination. Identification of bacterial species was done using
colony characteristics, gram staining, and a panel of biochemical tests following the standard
procedure. The Gram-positive bacteria were identified using catalase, coagulase, and mannitol
salt agar. The Gram-negative bacteria were identified by indole production, H,S production,
citrate utilization, urease test, motility test, and carbohydrate utilization tests(Karah et al., 2020,

Silverman and Turrentine, 2023, Juszczak et al., 2024).
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4.8.2.3. Antimicrobial susceptibility test
AST was carried out by the Kirby-Bauer disc diffusion method. Identical 3-5 pure and fresh

colonies from blood agar plate weresuspended in 5ml of normal saline and were mixed
thoroughly to make the suspension homogenous. The inoculum turbidity was adjusted to 0.5%
McFarland standards. Then, the bacterial suspensions were seeded on the surface of the Muller-
Hinton Agar (MHA) using a sterile cotton swab.Within less than 15 minutes of inoculum
preparation, the antimicrobial impregnated disks wereplaced on the media using sterile forceps
with 15 mm distance from the edge of the plate and not close to24 mmfrom each other (center to
center),and plates were incubated at 37°C for 24 hours. The zone of inhibitions were measured
and interpreted as sensitive, intermediate, and resistant as per the Clinical Laboratory Standards
Institute (CLSI) protocol(CLSI, 2025).

The following disks were used for Gram-negative bacteria; Ampicillin (AMP, 10ug),
amoxicillin-clavulanic  acid (AMC:  20/10 pg),ceftriaxone(CRO:30  pg), ceftazidime
(CAZ:30 ug), meropenem (MER:10pg), gentamicin (GEN:10 pg), amikacin(AMK,30ug),
Nalidixic acid (NA:30 pg),ciprofloxacin(CIP:5 ug),nitrofurantoin(N1:300 pg) and trimethoprim-
sulfamethoxazole(SXT:23.75/1.25 ug). For Gram-positive bacteria; Penicillin (PEN: 10ug),
cefoxitin (30ug), trimethoprim-sulfamethoxazole (SXT:1.25/23.75ug), tetracycline (TTC: 30ug),
gentamicin (GEN: 10ug), nitrofurantoin (NI: 300pg), ciprofloxacin (CIP: Sug), clindamycin
(CL: 10pg), and chloramphenicol (CAF, 30ug) were used. These discs were selected based on
the local prescription pattern for UTIs and the recommendations of the CLSI(CLSI, 2025).

4.8.2.4 Extended spectrum beta-lactamase detection
4.8.2.4.1 Screening method
ESBL-production of Gram-negative bacteria was screened by considering the zone of inhibition

diameters produced by ceftazidime or ceftriaxone in the disk diffusion technique. Isolates with
zone of inhibition diameters of <22 mm for ceftazidime and <25 mm forceftriaxone were
considered as likely ESBL producers according to the CLSI 2025(CLSlI, 2025).
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4.8.2.4.1 Confirmation of ESBL production

ESBL-production among potential ESBL-producing isolates was confirmed phenotypically using
combined disc diffusion method. Comparison of the zone of inhibition was made for the
ceftazidime (30upg) versus that of the ceftazidime + clavulanic acid (30 pug/10 pg) which
wereplaced at appropriate distance on MHA plate inoculated with a bacterial suspension of 0.5%
McFarland turbidity standards and incubated overnight (18-24 h) at 37 °C. An increase in the
inhibition zone diameter of >5mm for a combination disc versus ceftazidime alone was
confirmed as ESBL producer as per CLSI 2025 guideline(CLSI, 2025).

4.8.2.5. Carbapenemase detection
Carbapenemase-production of Gram-negative bacteria was screened by using meropenem disks.

The suspension of isolated bacteria was inoculated onto MHA, and then meropenem disk was
placed and incubated at 37°C for18-24 hrs. If the zone of inhibition is < 19 mm, it was
considered as a presumptive carbapenemase-producer. Suspected carbapenemase-producing
isolate was confirmed by the modified carbapenem inactivation methods, which are
recommended by CLSI. After preparation of bacterial suspension of tested isolates in 2 ml
trypticase soya broth, meropenem disk (10 ug) was added and incubated at 35°C = 2°C for
4 hours + 15 minutes. When the time is completed, meropenem disk (10 ug) was placed on a
MHApreviously inoculated withmeropenem susceptibleE. coliATCC 25922 suspension of 0.5 %
McFarland turbidity standards and incubated overnight (1824 hrs.) at 37°C. Bacterial isolates
having a zone of inhibition 6-15 mm or presence of pinpoint colonies within a 16—-18 mm zone
and no inhibition of the meropenem-susceptible E. coliATCC 25922 was confirmed as

carbapenemase-producing(CLSI, 2025).
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Table 4: Summary of antimicrobial agents, class and role in the study (CLSI, 2025).

Antibiotic class Selected drugs Reason for selection Role in AST | Cross-resistance
Penicillin’s Ampicillin To asses resistance to | Routine AST | amoxicillin and
, Penicillin locally prescribed drugs test ampicillin are
for UTI. equivalent agents
First line therapy in
pregnancy
Penicillins/Blactamase | Amoxicillin- To asses resistance to | Routine AST
inhibitor Clavulanic acid locally prescribed drugs test
for UTI
First line therapy in
pregnancy
Cephalosporins Ceftriaxone, One of the most| Routine AST | Cefotaxime and
Ceftazidime (3"gen), commonly used | and screening ceftriaxone
antibiotics  for  UTIs for ESBL equivalent agents
(sever cases) and used
for ESBL tests
Ceftazidime + For ESBL test ESBL
Clavulanic acid confirmatory
testing
Cefoxitin (2"-gen) Surrogate agent for
methicillinresistance.
Carbapenems Meropenem Last-resort for MDR | Routine AST
Gram negatives and test and
ESBL producing carbapenemas
e testing
Aminoglycosides Gentamicin, Amikacin | Treatment option for | Routine AST
sever UTI when first test
line ineffective
Quinolones Ciprofloxacin,Nalidixic | Serve as alternative | Routine AST | Ciprofloxacin or
acid treatment when first line test levofloxacin are
ineffective Or not avail equivalent agents
Tetracyclines Tetracycline Serve as alternative | Routine AST | Equivalent
treatment when first line test tetracyclines
ineffective Or not avail (doxycycline,
minocycline)
Lincosamides Clindamycin Treatment option for | Routine AST
UTI in gram positive test
Sulfonamides Cotrimoxazole Broad-spectrum used in | Routine AST
UTI test
Phenicols Chloramphenicol Treatment option for | Routine AST
sever UTI when first test
line ineffective
Nitrofurans Nitrofurantoin First line therapy Routine AST
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Carbapenemase detection, Bahir Dar, 2026.
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Figure 3: Some pictures taken in the laboratory during urine culture of pregnant women
with symptomatic UTI attending ANC at FHCSH and TGSTH, Bahir Dar, north-west
Ethiopia, 2026
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4.9. Quality control

The data collection tool was adopted from different related pieces of literatures(Biset et al.,
2020, Belete, 2020, Mohamoud et al., 2021, Edae et al., 2020), and all the questions in the
structured questionnaire were prepared in a clear wayand translated in to the local language, i.e.
Ambharic.To ensure the quality of data, the data collection tool was pretested at Addis Alem
Primary Hospital with 5% of the sample size before the data collection period. Training was
given for data collectors, and the questionnaires were checked for completeness during and after
data collection.

All laboratory tests weredone by maintaining Standard Operating Procedures (SOPs). All urine
culture specimens were collected by following SOPs and were processed soon after
collection.Expiry dates of culture media, antibiotic disks, and reagents were checked. The
sterility of culture media was checked by incubating 3-5% of the batch at 35-37°C overnight and
observing for bacterial and fungal growth. In addition, the performance of culture media and
antibiotic disks was evaluated by using standard quality control strains, such as E. coli ATCC
25922 and S. aureusATCC 25923.Standard reference strains such ask.coli ATCC 25922and
K.pneumoniae ATCC 700603 for ESBL-production,K.pneumoniae ATCC BAA-1706 and
K. pneumoniae ATCC BAA-1705forcarbapenemase-production were used as control,
respectively(CLSI, 2025).

4.10. Data processing and analysis

The Data wereentered and analyzed using Statistical Package for the Social Sciences (SPSS)
version 26. Descriptive statistics such as frequency, percentage, and mean were used to
summarize the data.Normality test was used to check the distribution of continuous
variables.Multicollinearity of independent variables was assessed by variance inflation factor and
tolerance test. Both bivariable and multivariable logistic regression analyses were beapplied to
determine the association between dependent and independent variables. Variable with p value
less than 0.2 in bivariable logistic regression were entered into multivariable logistic regression
analysis to control thepossible effect of confounding variables.A p values < 0.05 with 95%
confidence interval were considered statistically significant. Then, the results of the study

werefinally presented using tablesand charts.
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4.11. Ethical considerations

The study was approved by the Institutional Review Board of the College of Medicine and
Health Sciences, Bahir Dar University, with protocol number 6023/2026. A support letter was
obtained from the Department of Medical Microbiology, School of Medical Laboratory
Sciences, College of Medicine and Health Sciences, Bahir Dar University. Further support letter
and permission were obtained from the administrators of the study health institutions and
Ambhara Public Health Institute. Then, written informed consent was obtained from the study
participants before the collection of clinical data and urine samples. The purpose and importance
of the study as well as the rights of participants were clearly explained. The participant’s data
were coded and put in a secure place, and confidentiality was maintained. Results important for

the management of the patients were given to the attending physician.

4.12. Plan for dissemination of results

The result will be presented to the Department of Medical Microbiology, School of Medical
Laboratory Sciences, College of Medicine and Health Science, Bahir Dar University. Besides
this, the findings of the research will be presented and communicated to the international

community through conferences and publication in a peer reviewed journal.
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5. RESULTS

5.1Socio-demographic characteristics of the study participants

In this study, a total of 260 symptomatic pregnant women were included.The mean age of study

participants was 28.79+5.1years. The majority of study participants were urban residents
185(71.2%),married 234 (90%), housewives 185 (51.9%), and completed secondary school 71

(27.3%) (Table 5).

Table 5: Socio demographic Characteristics of the Study participants (n=260) in FHCSH
and TGSTH, Bahir Dar, north-west Ethiopia, 2026.

Variables Frequency Percentage (%)
Age (years) 15-24 49 18.8
25-34 159 61.2
35-45 52 20
Residence Urban 185 71.2
Rural 75 28.8
Marital status Single 10 3.8
Married 234 90
Divorced 16 6.2
Educational status  Unable to read and write 40 15.4
Able to read and write 30 115
Primary school 59 22.7
Secondary school 71 27.3
College and above 60 23.1
Occupation House wife 135 51.9
Private business 64 24.6
Government employed 46 17.7
Others 15 5.8
Monthly  family <5,000 48 18.5
income (ETB) 5,000-10,000 159 61.2
>10,000 53 20
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5.2. Pregnancy, behavioral and clinical characteristics of the study participants

Among 260 study participants, 127 (48.8%) and 91 (35%) were in their 3rd and 1st trimesters,
respectively. The majority of the participants were multigravidae 178(68.5%)and multiparous 94
(36.2%). Regarding behavioral characteristics, 245 (94.2%) of pregnant women didnot have the
habit of urination after sexual intercourse, and 235 (90.4%) of them cleaned their genital area
from back to front. Thirty six (13.8%), 11 (4.2%), 19 (7.3%), and 19 (7.3%) of study participants
had a history of previous UTI, catheterization, diabetes mellitus, and hospitalization,
respectively(Table 6).

Table 6: Pregnancy, behavioral and clinical characteristics of the study participants
(n=260) in FHCSH and TGSTH, Bahir Dar, north-west Ethiopia, 2026.

Variables Frequency Percentage (%)
Habit of urination after sexual Yes 15 5.8
intercourse No 245 942
Direction cleaning of genitalia Forward (front to 25 9.6
after defecation or urination back)
Backward (Back to 235 90.4
front)
Gestational period (trimester) First trimester 91 35
Second trimester 42 16.2
Third trimester 127 48.8
Gravidity Primigravidae 82 31.5
Multigravidae 178 68.5
Parity Nulliparous 82 31.5
Primiparous 84 32.3
Multiparous 94 36.2
History of UTI Yes 36 13.8
No 224 86.2
History of catheterization (in Yes 11 4.2
last3 months) NoO 249 958
History of Diabetes Mellitus Yes 19 7.3
No 241 92.7
History of hospitalization (in Yes 19 7.3
last3 months) No 241 927
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5.3. Types of the identified bacterial uropathogens

The proportion of significant bacteriuria (SBU) was 21.2% (55/260; 95% CI: 16.0-26.0%).
Seven different bacterial species were isolated.The majority of the identified organisms were
GNRs at 40 (72.7%), while the remaining 15 (27.3%) were Gram-positive bacteria. No multiple

isolates with significant count were identified from a single specimen.

Escherichia coliwas the predominant bacterial isolate, accounting for 31 (56.4%), followed by
CoNS10 (18.2%), Klebsiella pneumoniae 5 (9.1%), Staphylococcus aureus5 (9.1%),
Enterobacter species 2 (3.6%), Citrobacterspecies 1 (1.8%), andProteus mirabilisl
(1.8%)(Figure 4).
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Figure 4: Isolated bacterial uropathogens among pregnant women with symptomatic UTI
attending ANC at FHCSH and TGSTH, Bahir Dar, north-west Ethiopia, 2026

5.4. Antimicrobial Susceptibility Profile of the isolates

Summary of the antimicrobial susceptibility profileof the isolatesis presentedin Table 7 and 8.

Among Gram-negative uropathogens (n=40), majority of them showed a relatively higher rate
ofresistance to ampicillin37 (92.5%), amoxicillin-clavulanic acid 23 (57.5%), and trimethoprim-
sulfamethoxazole 24 (60%). On the other hand, these isolate showed better sensitivity against
meropenem, amikacin, and nitrofurantoin, each accounting for 39 (97.5%).Likewise, theGram-
negative isolates showed a relatively low level of resistance against nalidixic acid, ceftriaxone,

ceftazidime, ciprofloxacin, and gentamicin, which ranged from 52.5% to 85% sensitivity.
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Specifically, E. coli isolates were found resistant to ampicillin (90.3%), augmentin (54.8%), and

trimethoprim-sulfamethoxazole (58.1%).However, they were foundsusceptible to nitrofurantoin
(100%), amikacin (96.8%), and meropenem (96.8%)(Table 7).
Table 7:- Antimicrobial susceptibility profile of Gram-negative isolates from pregnant
women with symptomatic UTI attending ANC at FHCSH and TGSTH, Bahir Dar, north-
west Ethiopia, 2026.

Bacterial | Patter Antimicrobial agents
isolates n No (%)
AMP AMC CRO CAZ MEM AMK NA GEN CIP NI SXT
E.coli S 3(9.7) 14(45.2) | 23(74.2) | 26(83.9) | 30(96.8) | 30(96.8) | 18(58.1) | 27(87.1) | 23(74.2) | 31(100 | 13(41.9)
(n=31)
| 0 (0) 0(0) 0(0) 0(0) 0(0) 1(3.2) 0(0) 0(0) 0(0) 0(0) 0(0)
R 28(90.3) | 17(54.8) | 8(25.8) | 5(16.1) | 1(3.2) | 0(0) 13(41.9) | 4(12.9) | 8(25.8) | 0(0) 18(58.1)
K. S 0(0) 1(20) 3(60) 3(60) 5(100) | 5(100) 1(20) 3(60) 1(20 5(100) | 1(20)
pneumon
iae (n=5) | I 0(0) 1(20) 0(0) 0(0) 0(0) 0(0) 0(0) 1(20) 1(20) 0(0) 0(0)
R 5(100) 3(60) 2(40) 2(40) 0(0) 0(0) 4(80) 1(20) 3(60) 0(0) 4(80)
Entero S 0(0) 0(0) 1(50) 1(50) 1(100) | 1(100) 1(50) 1(100) | 1(50) 1(100) | 1(50)
bacter
species | R 2(100) 2(100) | 1(50) 1(50) 0(0) 0(0) 1(50) 0(0) 1(50) 0(0) 1(50)
(n=2)
Citrobact | S 0(0) 1(100) | 1(100) | 1(100) | 1(100) | 1(100) 1(100) | 1(100) | 1(100) | 1(100) | 1(100)
er
species R 1(100) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
(n=1)
Proteus S 0(0) 0(0) 0(0) 0(0) 1(100) 1(100) 0(0) 1(100) 0(0) 0(0) 0(0)
mirabilis
(n=1) R 1(100) 1(100) | 1(100) | 1(100) | 0(0) 0(0) 1(100) | 0(0) 1(100) | 1(100) | 1(100)
Total S 3(7.5) 16(40) 28(70) 31(77.5) | 39(97.5) | 39(97.5) | 21(52.5) | 34(85) 26(65) 39(97.5) | 16(40)
(n=40)
I 0(0) 1(2.5) | 0(0) 0(0) 0(0) 1(2.5) 0(0) 1(25) | 1(25) | 0(0) 0(0)
R 37(92.5) | 23(57.5) | 12(30) | 9(22.5) | 1(2.5) | 0(0) 19(47.5) | 5(12.5) | 13(32.5) | 1(2.5) | 24(60)
Abbreviations: S=sensitive, 1= intermediate, R= resistant, AMP=ampicillin, AMC=amoxicillin-

clavulanicacid, CRO=ceftriaxone CAZ=ceftazidime, MEM=meropenem, AMK= amikacin,
NA=nalidixic CIP=ciprofloxacin,NI=nitrofurantoin,SXT=trimethoprim-

sulfamethoxazole.

acid,

GEN-

gentamicin,
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Similarly, the antimicrobial susceptibility profile of Gram-positive isolates(n=15) is presented in
Table 8, and the recorded resistance level ranged from 0% to 100%. A high level of resistance
was observed against penicillin 15 (100%), trimethoprim-sulfamethoxazole 12 (80%), and
tetracycline 11 (73.3%). However, all of these isolates showed a high rate of sensitivity at 15
(100%) to both nitrofurantoin and gentamicin. CoNS, which were the dominant Gram-positive
isolate, were resistant to penicillin (100%), trimethoprim-sulfamethoxazole(90%), and
tetracycline(70%), while they were found susceptible to gentamicin (100%), nitrofurantoin

(100%), and clindamycin (90%)(Table 8).

Table 8: Antimicrobial susceptibility profile of Gram-positive isolates from pregnant
women with symptomatic UTI attending ANC at FHCSH and TGSTH, Bahir Dar, north-
west Ethiopia, 2026.

Bacterial | Pattern Antimicrobial agents
isolates No (%
PEN FOX SXT TTC GEN NI CIP CL CAL

S. S 0(0) 3(60) 2(40) 1(20) 5(100) | 5(100) | 3(60) 4(80) 3(60)
aureus(n=5
) [ 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(20)

R 5(100) 2(40) 3(60) 4(80) 0(0) 0(0) 2(40) 1(20) 1(20)
CoNS S 0(0) 6(60) 1(10) 3(30) 10(100) | 10(100) | 6(60) 9(90) 6(60)
(n=10)

R 10(100) 4(40) 9(90) 7(70) 0(0) 0(0) 4(40) 1(10) 4(40)
Total S 0(0) 9(60) 3(20) 4(26.7) | 15(100) | 15(100) | 9(60) 13(86.7) | 9(60)
(n=15)

I 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(6.7)

R 15(100) 6(40) 12(80) 11(73.3) | 0(0) 0(0) 6(40) 2(13.3) | 5(33.3)

Abbreviations: S= sensitive, I= intermediate

R=resistantPEN=penicillin,FOX=cefoxitin,SXT=trimethoprim-sulfamethoxazole, TTC,
tetracycline, GEN- gentamicin,NI=nitrofurantoin, CIP= ciprofloxacin, CL= clindamycin, CAF=
chloramphenicol.
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5.5. Multidrug resistance (MDR) profileof theisolates

In this study, only 3 (5.5%) of the 55 isolates were found sensitive to all antibiotics tested. The
rest, 52 (94.5%),were found resistant to at least one antibiotic used in the study. While 45
(81.8%) of isolates were resistant totwo or more antimicrobial agents. In this study, MDR was
described as a bacteriadevelop resistance to at least one agent in three or more classes of
antibiotics. The level of MDR was 32 (58.2%).

Among Gram-negative bacteria, 22/40 (55%) and among Gram-positive bacteria, 10/15 (66.7%)
were MDR.Specifically, 16 (51.6%) of E. coli, 4 (80%) of K. pneumoniae,and 1 (50%)
ofEnterobacterisolates were MDR. Among the five S. aureusand ten CoNS, 3 (60%) and 7
(70%) of theseisolateswere MDR, respectively (Table 9).

Table 9: Multi-drug resistance profile of bacteria isolated from pregnant women with
symptomatic UTI attending ANC at FHCSH and TGSH, Bahir Dar, north-west Ethiopia,

2026.

Antimicrobial agents Bacterial Isolates (n=55) Total
E. K.pneu | Entero | Citrobac | P. S.aureus | CoN | N (%)
coli | moniae | bacter | ter mirabili | (n=5) S(n=
(n=3 | (n=5) (n=2) | (n=1) s (n=1) 10)

1)

RO 3 0 0 0 0 0 0 3(5.5)

R1

AMP 3 1 0 1 0 - - 5

PEN - - - - - 1 1 2
Total 3 1 0 1 0 1 1 |712.7)
R2

AMP+SXT 2 0 0 0 0 - - 2

AMP+AMC 7 0 1 0 0 - - 8

PEN+SXT - - - - - 0 2 2

PEN+TTC - - - - - 1 0 1

Total 9 0 1 0 0 1 2 | 13(23.6)
R3

AMP+NA+SXT 2 0 0 0 0 - - 2

AMP+SXT+CRO 1 0 0 0 0 - - 1

PEN+SXT+TTC - - - - - 1 3 4
Total 3 0 0 0 0 1 3 | 7(12.7)
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Table 10(continued).

Antimicrobial agents Bacterial Isolates (n=55) Total
E. K.pneu | Entero | Citrobac | P. S.aureus | CoN | N (%)
coli moniae | bacter | ter mirabili | (n=5) S(n=
(n=3 | (n=5) (n=2) | (n=1) s (n=1) 10)

1)
R4
AMP+NA+SXT+CIP 2 1 0 0 0 - - 3
AMP+AMC+NA+SXT 1 1 0 0 0 - - 2
AMP+AMC+CRO+SXT 1 0 0 0 0 - - 1
AMP+AMC+GEN+SXT 1 0 0 0 0 - - 1
Total 5 2 0 0 0 0 0 | 7(12.7)
>R5

AMP+AMC+NA+SXT+CIP 1 0 0 0 0 - - 1

AMP+NA+CRO+SXT+CIP 1 0 0 0 0 - - 1

AMP+AMC+NA+CRO+CAZ+SXT 3 1 1 0 0 - - 5

+CIP

AMP+NA+CRO+CAZ+SXT+CIP+GEN 1 0 0 0 0 - - 1

AMP+AMC+NA+CRO+CAZ+SXT

+CIP+MEM 1 0 0 0 0 - - 1

AMP+AMC+GEN+SXT+NA

AMP+AMC+NA+CRO+CAZ+SXT 1 0 0 0 0 - - 1

+CIP+GEN 0 1 0 0 0 - - 1

AMP+AMC+NA+CRO+CAZ+SXT

+CIP+NI 0 0 0 0 1 - - 1

CIP+SXT+PEN+FOX+TTC

CIP+SXT+PEN+FOX+TTC+CAF - - - - - 1 0 1

CIP+SXT+PEN+FOX+TTC+CAF +CL - - - - - 0 3 3

- - - - - 1 1 2

Total 8 2 1 0 1 2 4 | 18(32.7)

MDR 32(58.2)

16 4 1 0 1 3 7

Abbreviations: RO - No antibiotic resistance, R1- Resistance to only one drug tested, R2-
Resistance to only two drugs tested, R3- Resistance to only three drugs tested, R4- Resistance to

only four drugs tested, >R5- Resistance to five or more drugs tested, MDR- multi drug resistant

(bacteria resistant to at least one agent in three or more classes of antibiotics). —Not

applicable/not tested, AMP=ampicillin, AMC=amoxicillin-clavulanic acid, CRO=ceftriaxone

CAZ=ceftazidime, MEM=meropenem, AMK= amikacin, NA=nalidixic acid, GEN- gentamicin,

ClIP=ciprofloxacin, NI=nitrofurantoin, SXT=trimethoprim-sulfamethoxazole. PEN=penicillin,

FOX=cefoxitin, TTC, tetracycline, CL= clindamycin, CAF= chloramphenicol.
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5.6. Magnitude of ESBL and carbapenemase production

Forty of the identified isolates were members of Enterobacteriaceae, which include E.coli31
(77.5%),K.pneumoniae5 (12.5%),Enterobacter species2 (5%),Citrobacter speciesl (2.5%), and
Proteus mirabilis1(2.5%).Since the methodfor screening of ESBL productions were not
validated for Enterobacterand Citrobacter species,thoseisolates were excluded from
screening.Theproportion of ESBL production among these Enterobacteriaceae was 16.2%
(n=6/37).E. coli 4 (12.9%) and K.pneumoniae2 (40%) werefoundESBL-producing isolates.Only
one isolateofE. coliwas found carbapenemase-producing, and it was also ESBL-producer;thus,

the levelof carbapenemase-producingE. coliwas 2.5% (1/40) (Table 10).

Table 11: Magnitude of ESBL-Producing Enterobacteriaceae isolated from pregnant
women with symptomatic UTI attending ANC at FHCSH and TGSTH, Bahir Dar, north-
west Ethiopia, 2026.

Bacterial isolates ESBL production
Positive Negative
E. coli (n=31) 4 (12.9%) 27 (87.1%)
K. pneumoniae(n=5) 2 (40%) 3 (60%)
Proteus mirabilis(n=1) 0 (0%) 1 (100%)
Enterobacterspecies(n=2) NA NA
Citrobacter species(n=1) NA NA
Total (n=40) 6/37 (16.2%) 31/37 (83.7%)

- NA: Not applicable

Regarding the antimicrobial susceptibility profile of ESBL-producing isolates, all (100%) were
resistant toampicillin, 3rd generation cephalosporin, nalidixic acid, ciprofloxacin, and
trimethoprim-sulfamethoxazole. In contrast, they were found sensitive to meropenem
(83.3%),nitrofurantoin (100%), and amikacin(100%) (Table 11).
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E.coli isolates,which accounted for 66.7% of ESBL-producers, were 100% resistant to
ampicillin, ceftriaxone,ceftazidime, nalidixic acid, ciprofloxacin, and trimethoprim-
sulfamethoxazole. However, they were sensitive to meropenem, nitrofurantoin, and amikacin,
with sensitivity ranging from 75%-100%.Likewise, K.pneumoniae,anotherESBL producers were
also found 100% resistant to ampicillin, amoxicillin-clavulanic acid, ceftriaxone, ceftazidime,

nalidixic acid, ciprofloxacin, and trimethoprim-sulfamethoxazole(Table 11).

Table 12: Antimicrobial susceptible pattern of ESBL and carbapenemase producing
Enterobacteriaceae isolated from pregnant women with symptomatic UTI attending ANC
at FHCSH and TGSTH, Bahir Dar, north-west Ethiopia, 2026.

Bacteria | Patte Antimicrobial agents
! m No (%)
Isolates AMP | AMC CRO CAZ MEM [ AMK NA GEN CIP NI SXT
E.coli S 0 (0) 1(25) 0 (0) 0 (0) 3(75) | 4(100) | 0(0) 2(50) 0(0) | 4(100) | 0(0)
(n=4)
ESBL R | 4(100) | 3(75) 4(100) | 4 (100) 1(25) 00) | 4(100) | 2(50) |4 (100) | 0(0) | 4 (100)
positive
K. S 0(0) 0(0) 0(0) 0(0) 2(100) | 2(100) 0(0) 0(0) 0(0) | 2(100) | 0(0)
pneumo
niae | 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(50) 0(0) 0(0) 0(0)
(n=2)
ESBL R | 2(100) | 2(100) 2(100) 2(100) 0(0) 0(0) 2(100) 1(50) | 2(100) | 0(0) | 2(100)
positive
Total S 0(0) 1(16.7) 0(0) 0(0) 5(83.3) | 6(100) | 0(0) 2(33.3) | 0(0) | 6(100) | 0(0)
(n=6) [ 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(16.7) | 0(0) 0(0) 0(0)
Egs?ﬂLve R | 6(100) | 5(83.3) | 6(100) 6(100) | 1(16.7) | 0(0) | 6(100) | 3(50) | 6(100) | 0(0) | 6(100)
E.coli S 0(0) 0(0) 0(0) 0(0) 0(0) 1(100) | 0(0) 0(0) 0(0) | 1(100) | 0(0)
(n=1)

R | 1(200) | 1(100) 1(100) 1(100) 1(100) 0(0) 1(100) | 1(100) | 1(100) | 0(0) | 1(100)
CPE

Abbreviations:S=sensitive, 1= intermediate, R= resistant, AMP=ampicillin, AMC=amoxicillin-

clavulanic acid, CRO=ceftriaxone CAZ=ceftazidime, MEM=meropenem, AMK= amikacin,
NA=nalidixic acid,GEN- gentamicin, CIP=ciprofloxacin,NI=nitrofurantoin, SXT=trimethoprim-
sulfamethoxazole, ESBL=Extended Spectrum Beta Lactamase, CPE=Carbapenemase Producing
Enterobacteriaceae.
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Comparison of theantibiotic resistance by ESBL and non-ESBL producers is shown in Figure 5.
Both ESBL (100%) and non ESBL producer (91.2%) were found resistant to ampicillin.

However, ESBL-producing isolates were more resistant to amoxicillin-clavulanic acid (83.3%
vs. 52.9%), ceftriaxone (100% vs.17.6%), ceftazidime (100% vs. 8.8%), nalidixic acid (100% vs.
38.2%),gentamicin (50% vs. 5.9%), ciprofloxacin (100% vs. 20.6%), and trimethoprim-

sulfamethoxazole (100% vs. 52.9%) than non ESBL-producers.Nitrofurantoin, amikacin, and

meropenem were found effective antimicrobial agents for both ESBL and non ESBL-

producers.Regarding MDR status, ESBL-producers were 100% MDR, while non ESBL were
47% MDR (Figure 5).
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Abbreviations: AMP=ampicillin, AMC=amoxicillin-clavulanic acid, CRO=ceftriaxone
CAZ=ceftazidime, MEM=meropenem, AMK= amikacin,NA=nalidixic acid, GEN- gentamicin,
CIP=ciprofloxacin, NI=nitrofurantoin, SXT=trimethoprim-sulfamethoxazole

Figure 5: Comparison of antibiotic resistance among ESBL and non-ESBL producer

isolates from pregnant women attending ANC at FHCSH and TGSTH, Bahir Dar, north-

west Ethiopia.
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5.7. Factors associated with significant bacteriuria

Bivariable and multivariable logistic regressionanalyses were applied to determine the
association between SBUand independent variables. Assumptions of logistic regression,
including no multicollinearity between independent variables, were checked. The analysis
showed that all assumptionswerefulfilled and there was no multicollinearitybetween independent

variables.

Inbivariablelogistic regression analysis, variables like age, residence, marital status, direction of
cleaning genitalia after defecation or urination, gestational period, history of UTI, history of
catheterization, and history of hospitalization were found to be candidates for multivariable

analysis with a p-value less than 0.2.

In multivariable logistic regression analysis, age,gestational period, and history of UTI showed
significant association (p value <0.05) with SBU.Study participants who were in the age group
of 15-24 years had 3.5 times higher odds of SBU than those who were in the age group 35-45
years (AOR=3.5, 95% ClI: 1.114- 10.768, P=0.032).

Pregnant women who were on their third trimester gestational period were 3.4 times more likely
to have SBU compared with those who were on their first trimester (AOR=3.4, 95% CI: 1.441-
8.141, P=0.005). The odds of SBU were 3.1times higher among pregnant women who had a
history of UTI compared with those who had no history (AOR=3.1, 95% CI:. 1.203- 7.845,
P=0.019) (Table 12).
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Table 13: Bivariate and multivariate logistic regression analyses of factors associated with

SBU among pregnant women with symptomatic UTI attending ANC at FHCSH and
TGSTH, Bahir Dar, north-west Ethiopia, 2026.

Culture results COR(95%Cl) P- AOR(95%CI) P-
Variables SBU No SBU value value
No (%) No (%)
Age (years)
15-24 16 (32.7) 33 (67.3) 1.807 (0.739-4.419) | 0.195 | 3.46 (1.114-10.768) | 0.032*
25-34 28 (17.6) 131 (82.4) |0.797 (0.365-1.739) | 0.568 | 1.067 (0.431-2.641) | 0.889
35-45 11 (21.2) 41(788) |1 1
Residence 34 (18.4) 151 (81.6) 1 1
Urban 21 (28) 54 (72) 1.727 (0.923-3.232) | 0.087 | 1.725(0.849-3.502) | 0.132
Rural
Marital status
Single 5 (50) 5 (50) 1 1
Married 45 (19.2) 189 (80.8) : 0.238 (0.066-0.858) | 0.028 | 0.292 (0.067-1.268) : 0.1
Divorced 5(31.3) 11 (68.8) | 0.455 (0.089-2.318) | 0.343 | 0.694 (0.106-4.553) | 0.704
Direction of Cleaning
genitalia after
defecation or urination
Forward 8 (32) 17 (68) 1 1
Backward 47 (20) 188 (80) 0.531(0.216-1.305) | 0.168 | 0.765 (0.265-2.206) | 0.620
Gestational period 12 (13.2) 79(86.8) |1 1
First trimester 13 (31) 29 (69) 2.951 (1.209-7.205) | 0.017 | 2.659 (0.992-7.125) | 0.052
Second trimester 30 (23.6) 97 (76.4) | 2.036 (0.979-4.235) | 0.057 | 3.426 (1.441-8.141) | 0.005*
Third trimester
History of UTI
Yes 13 (36.1) 23 (63.9) | 2.449 (1.147-5.229) | 0.021 | 3.072(1.203-7.845) | 0.019*
No 42 (18.8) 182 (81.3) i 1 1
History of
catheterization (in
last3 months)
Yes 5 (45.5) 6 (54.5) 3.317 (0.973-11.30) | 0.055 | 2.724 (0.675-10.990) | 0.159
No 50 (20.1) 199 (79.9) i 1 1
History of
hospitalization (in last3
months)
Yes 8 (42.1) 11 (57.9) | 3.002(1.144-7.878) | 0.026 | 2.437 (0.782-7.598) | 0.125
No 47 (19.5) 194 (80.5) | 1 1

Abbreviation - COR= Crude odd ratio; AOR=Adjusted odd ratio; Cl= Confidence interval, 1= reference group, * P-
value < 0.05 statically significant
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6. DISCUSSION

UTIs caused by bacteria are among the most prevalent infections that can occur in any region of
the urinary system. Pregnant women have a high rate of developing UTIs because of
physiological changes that occur in this period(Silverman and Turrentine, 2023).Antibiotic
resistance is a rising global problem, in whichthe emergence of ESBL-carbapenemase-producing
uropathogens is an urgent area of research(Husna et al., 2023). Therefore, this study was aimed
at determining extended spectrum beta lactamase and carbapenemase profile of uropathogens
isolated from pregnant women in Bahir Dar, Northwest Ethiopia.

The overall proportion of symptomatic SBU among pregnant women was 21.2%, which showed
that UTI remains a common problem in pregnant women in the study area. This finding is
comparable with previous studies conducted inBahir Dar(18.9%)(Demilie et al., 2012), Harar
(20.9%)(Ejerssa et al., 2021), and Nekemte (21%) (Abebe et al., 2025). On the other hand, it was
lower than studies conducted indifferent parts of Ethiopia; Dessie (26.6%) (Belete, 2020),
Gondar(31.1%)(Biset et al., 2020), and Bale Zone (35.3%) (Taye et al., 2018), and abroad;
Uganda (35%) (Johnson et al., 2021)and Iraq (31.68%) (Taha, 2024). Moreover, it was higher
than similar studies conducted in Iran (9.8%) (Omidifar et al., 2020) and the UnitedArab
Emirates (17.9%) (Dube et al., 2022).

The observed variation might be explained bydifferences in socioeconomic status, hygiene
practices, geographic location, and the clinical characteristics of study participants. Altogether,
these findings emphasize the importance of regular culture-based screening of SBU in pregnant

women for early detection and to minimize complications associated with it.

A total of 55 bacterial uropathogens were isolated,and the majority of them were GNRs at 40
(72.7%). E. coliwas the predominant uropathogenisolated, accounting for 56.4% of the isolated
bacteria. This showed that Gram-negative bacteria of enteric origin, including E. coli,remain the

primary causes of UTIs in the study area that might be associated with hygiene related issues.
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Similarly,a predominance of E. coli was observed instudiesconducted inEthiopia, such as
inGondar(49.2%)(Biset et al., 2020), Harar(45.2%)(Ejerssa et al., 2021),andHawassa
(47.8%)(Tula et al., 2020), as well as reports from other countries, including Iraq (56.45%)
(Taha, 2024) and South Africa(49.9%)(Orji et al., 2022).UPEC is a commensal of the bowel and
possesses virulence factors like pili, which help the bacteriaattach to uroepithelial cells and
protect them from being flushed outduringmicturition. This and other similar virulence factors

explain its predominance in UTI.

Physicians’ options for treating UTIs are limited due to the increase in antibiotic resistance in
bacterial uropathogens. In this study, the antibiotics that showed the highest efficacy against
Gram-negative isolates were meropenem (97.5% sensitivity), amikacin (97.5% sensitivity), and
nitrofurantoin (97.5% sensitivity).This indicates thatthese drugs remain effective against these
uropathogens in the study area.The possible reasons for the observed high rate of sensitivity
might be attributed to the infrequent prescription of the drugs in the area.The high susceptibility
of Gram-negative isolates to these antibiotics aligns with findings from similar studies conducted
in  Harar(amikacin96.4%,nitrofurantoin ~ 90.3%)  (Ejerssa et al., 2021) and
India(meropenem100%,nitrofurantoin 87.09%)(Patil et al., 2024). Collectively, these findings
highlight the ongoing usefulness of these antibiotics for the treatment of UTIs.In particular,
nitrofurantoin remains adrug of choice to treat UTIs in pregnant women because of its high
urinary concentration and good safety profile, and it isalso recommended by WHO and national
guidelines as first-line therapy forUTIs(WHO, 2022, Denekew, 2014).

Conversely, Gram-negative isolates showed a relatively high level of resistance to ampicillin
(92.5%), trimethoprim-sulfamethoxazole (60%), and amoxicillin-clavulanic acid (57.5%). The
result demonstrates the limited efficacy of commonly used antibiotics in the study area, which
might beattributed to prolonged use for many years and empirical prescription.Those results are
in line with studies conducted in Gondar(90.9% resistance to ampicillin, 57.6% to amoxicillin-
clavulanic acid) (Biset et al., 2020) and Bahir Dar(82.6% resistance to ampicillin, 56.5% to
trimethoprim-sulfamethoxazole) (Demilie et al., 2012).These findings emphasize the necessity of
conducting antimicrobial susceptibilitytestingprior to treatment, particularly in pregnant women,

for whom the antibiotic choice should consider both efficacy and safety.
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Gram-positive bacteria (S. aureus and CoNS)were resistant to penicillin (100%) and
trimethoprim-sulfamethoxazole (80%). This finding is in line with studies conducted in Dessie
(93.5% resistance to penicillin, 79.3% to trimethoprim-sulfamethoxazole)(Belete, 2020) and
Gondar (89.3% resistance to penicillin, 75% to trimethoprim-sulfamethoxazole)(Biset et al.,
2020). The reportedhigh level of drug resistance may be due to the fact that these antibiotics are

readily availableand are frequently used over the counter by society.

Cefoxitin resistance was observed in 40% of Gram-positive bacteria. This isconsistent with a
study conducted in Gondar, Ethiopia, which reported 42.8%resistance to cefoxitin (Biset et al.,
2020).This may indicate that there is a possible rise in the prevalence of methicillin
resistantS.aureus and CoNS, whichmay be due to the extensive use of beta-lactam and other
broad spectrum antibiotics thatcreate selective pressureon the bacterial population, resulting in
the proliferation of resistant strains. Infections caused by these bacteria are usually acquired in
health care settingsand might cause UTIs, usually following catheterization or any urological
procedure(Kumar et al., 2025). Overall, the finding highlights the necessity for robust infection
prevention measures and ongoing surveillance for methicillin or cefoxitin resistance among

uropathogens.

Among the total isolates (n=55), MDR was observed in 32 (58.2%) of uropathogens.The finding
is comparable with the studies from Harar (52%) (Ejerssa et al., 2021) and Gondar (60.65%)
(Biset et al., 2020). Nevertheless, it was lower than studies from Kenya (96%)(Onyango et al.,
2018), Addis Ababa (80%) (Getie et al., 2023), and Nekemte (77.3%) (Abebe et al., 2025). But it
was higher than the report from South Africa (4%)(Zwane et al., 2021). Differences in antibiotic
use patternsand infection prevention and control practicesmay contribute to the observed
difference.Altogether, these data imply that MDR uropathogens are prevalent in pregnant
women, which makes treatment difficult. Poor infection prevention and control strategies and
misuse and overuse of antibiotics in the study setting may have contributed to the reported MDR

level in our study.
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In this study, 16.2% of Gram-negative uropathogens were found to be ESBL-producers, anda
single E. coliisolate (2.5%) was found to be carbapenemase-producing.The observed proportion
of ESBL production is in line with studies conducted in Dessie (15.8%) (Belete, 2020), Gondar
(18.2%) (Biset et al., 2020),andIndia (19.3%)(Patil et al., 2024). On the other hand, it was lower
than studies conducted in Addis Ababa (50%)(Getie et al., 2023), Somaliland (32%)(Mohamoud
et al., 2021) and global pooled averages (25%) ((Getie et al., 2023, Mansouri et al., 2019).
Moreover, the proportion of carbapenemase-productionis lower than a report from Nigeria
(34%)(Ogban et al., 2024), but it was higher than a report from India (0%)(Patil et al.,
2024).Factors such as, healthcare settings that trend to use carbapenems and broad-spectrum
antibiotics as treatment options, policy variations in antibiotic usage, and clinical characteristics

of study participants could be the causes of the variation.(Getie et al., 2023).

ESBL-producing isolates exhibited a highlevel of resistance(100%)to ampicillin, third-
generation cephalosporins, nalidixic acid, trimethoprim-sulfamethoxazole, and ciprofloxacin. In
the present study, they were found susceptible to limited antibiotics; these were nitrofurantoin
(100%), amikacin (100%), and meropenem (83.3%). Those findings are supported by studies
conducted in Romania (Ene et al., 2026), Turkey (Ipekci et al., 2014), and Gondar (Biset et al.,
2020).Thehigh level of drug resistance amongESBL-producing isolates for the aforementioned
drugs than non-ESBL producingone might be due to the genes encoding ESBL frequently found
on plasmids that carry AMR genes conferring resistance against various antimicrobial agents.
Thus, many ESBL-producing bacteria are also resistant to non-p-lactam antibiotics (Husna et al.,
2023). This highlights the compounded challenge of UTI treatment caused by those pathogens
among pregnant women.In our study, the isolated carbapenemase-producing E.coli was found
100% resistant to 9 out of 11 antimicrobial agents tested. Since only a single isolate
wasidentified, it was difficult to draw a meaningful conclusion regarding the antimicrobial

susceptibility profile of carbapenemase-producing E. coli.

Overall, the present study and other similar studies showed that there is a rise in the prevalence
of ESBL-carbapenemase-producing uropathogens, which are one of the significant public health
concerns due to their high level of drug resistance. The absence of strict guidelines in antibiotic
selection, empirical prescription of drugs,poor infection control strategies, and poor patient

compliance with prescribed drugs contribute to the emergence and spread of these bacteria.
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The MDR nature of these uropathogens makes the therapy challenging and often needs the use of
expensive and not easily accessible drugs, which could be difficult in countries like Ethiopia
with scarce medical resources. This suggests the need for systematic screening of ESBL-
carbapenemase production, rational use of antibiotics guided by antimicrobial susceptibility
results, robust infection control measures, as well as strengthening the antimicrobial stewardship

programs to combat the spread of those superbugs and AMR.

Different factors increase the occurrence of SBU in pregnant women.Among the investigated
factors, age was significantly associated (P=0.032) with SBU. Pregnant women who were in the
age group between 15 and 24 years had 3.5 times higher odds of SBU than those who were in the
age group between 35 and 45 years. This is in agreement with a study done in Adigrat (Tadesse
et al., 2018). This might be due towomen in this age category are most likely to engage in
frequent sexual activity,which could push the bacteria in the perineum to the urinary tract and

make them more susceptible to UTIs.

Gestational period was another predictor variable that was significantly associated (P=0.005)
with SBU. Pregnant women with a gestational age of the 3rdtrimester had a 3.4 times higher risk
of SBU compared with women with the gestational age of the 1st trimester.This finding is
supported by studies conducted in Yemen (Al-Badaii et al., 2023), South Africa(Orji et al.,
2022), and Pakistan (Mudassir A, 2019).This might be due to anatomical and physiological
changes that occur in this period. Progesterone, which reaches its peak in the 3rd trimester,
relaxes smooth muscle of the urinary tract, and the growing uterus in this trimester compresses
the bladder, leads to urine stasis, which prevents any bacteria that enter the urinary tract from
being flushed out(Habak et al., 2026, Wanjiku et al., 2023).

The odds of SBU were 3.1 times higher among pregnant women who had a history of UTI
compared with those who had no history. The finding is in line with studies conducted in Dessie
(Belete, 2020) and Somaliland (Mohamoud et al., 2021). This might be due to the primary
infection in pregnant women with a history of UTIs may not have been completely resolved due
to poor diagnosis and unsuccessful treatment, which allowed some of the uropathogens to persist

in the uroepithelial cells of the urinary tract and recur(Sgarabotto et al., 2025).
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7. LIMITATIONS OF THE STUDY

Limitations of the study

% Convenient sampling technique was used;this may reducethe generalizability of the
study findings and introduce selection bias.

% Due to the unavailability of novobiocin antibiotic discs, S. saprophyticus isolates were
not differentiated from other CoNSspecies, but standard urine culture interpretation and

contamination rejection rules were strictly followed.
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8. CONCLUSION

The current study showed that the proportion of SBU among pregnant women was relatively
high and the majority of the isolates were Gram-negatives. The predominant isolate was E. coli.
The findings of this study indicate that Gram-negative bacteria showed a relatively high level of
resistance to the commonly prescribed antibiotics in the study area, including ampicillin,
amoxicillin-clavulanic acid, and trimethoprim-sulfamethoxazole. Likewise,Gram-positive

isolates were also found resistant to penicillin and trimethoprim-sulfamethoxazole.

Furthermore,ahigh level of MDRand an alarming proportion of ESBLand carbapenemase
production were observed.ESBL-producing isolates showed co-resistance to the majority of
tested antibiotics. However, nitrofurantoin, amikacin, and meropenem were found effective
antimicrobial agents for both ESBL and non ESBL-producers. The current study revealed that
age, third-trimester gestation, and history of UTIs were factors significantly associated with
SBU.
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9. RECOMMENDATIONS

Based on the findings of this study the following points are recommended.

X/
L X4

X/
L X4

*,

Due to the high resistance rates observed in this study,ampicillin, amoxicillin-clavulanic
acid, and trimethoprim-sulfamethoxazole are not recommended for empirical therapy in
the study settings. Alternatively, nitrofurantoin could be considered the treatment of
choice due to its low rate of resistanceandgood safety profile, except in the near term.
Continuoussurveillance and molecular or genotypic characterization of ESBL-
carbapenemase-producing uropathogensshould be carried out to monitor their spread and
confirm the study findings.

The high levels of drug resistance, including MDR observed in this study highlight the
need for concerned stakeholders to strengthen the antimicrobial stewardship program to
combat antimicrobial resistance.

In pregnant women, particularly in those having possible risk factors such as, a previous
history of UTlIs, an age category found between 15 and 24 years, and a 3rd trimester
gestational period, regular and continuous culture-based screening of SBU should be
considered.

A more comprehensive study should be carried out with a large sample sizein

multiplestudy sites to generate more representative data.
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11. ANNEXES
Annex . Participant information sheet and Consent Form (English Version)

Good morning/afternoon dear participant!

My name is . I am working as a data collector for the study being conducted

in this hospital / health institution on Extended-Spectrum [B-Lactamase and Carbapenemase
Profile of Uropathogens among Pregnant Women in Bahir Dar, Northwest Ethiopia, by Mr.
Eyoel Hunie, who is studying his master’s degree at Bahir Dar University,College of Medicine
and Health Sciences,School of Medical Laboratory Sciences, Department of Medical
Microbiology. | kindly request you to give me your attention to explain about the study and

being selected as the study participant.

Title of the project: Extended-Spectrum [p-Lactamase and Carbapenemase Profile of

Uropathogens isolated from Pregnant Women in Bahir Dar, Northwest Ethiopia

Purpose of the study: The purpose of the study is to assessExtended-Spectrum B-Lactamase and
Carbapenemase Profile of Uropathogens among Pregnant Women in Bahir Dar, Northwest
Ethiopia. The findings of this study can be important for this hospital to plan and implement
activities that based on the outcome of the findings and pregnant women participated in the study
will also benefitted from the result of this study. It can also provide important information to

policy makers, and program managers to address such issues in the future.

Procedures to be followed: you will stay with me for 10 minutes for interview and after
interviewyou will sign this informed consent form. You will provide 5-10 ml of clean catch mid-

stream urine specimen.

Risk and benefits: there is no risk with the collection of clean catch mid-stream urine
specimen.There will not be any cash payment or direct benefit for participating, but if your result
is clinically significant, we will inform your physician for treatment and this study will
contribute to provide information or data for future and further study, and to develop health

programs for health policy makers.
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Confidentiality: Any information that I am going to collect about you during this research will
be kept confidential. Your name and identity on the request paper will be changed to

confidentiality code for the purpose of this study.

Withdrawal from the study: Your participation in this study will be voluntary, and you may
drop the participation at any time or refuse to answer some of the questions if you feel
uncomfortable. You can ask any questions regarding this study, and you have a right to get
laboratory results. If you have any questions regarding this study, please contact us at the

following address:

Principal investigator: Eyoel Hunie

Institution: Bahir Dar University, College of Medicine and Health Sciences,School of Medical

Laboratory Sciences, Department of Medical Microbiology
Mobile no: +251946467509

Email: eyoelhunie9@gmail.com

Consent Form
Principal investigator: Eyoel Hunie

Research title: Extended-Spectrum B-Lactamase and Carbapenemase Profile of Uropathogens

isolated from Pregnant Women in Bahir Dar, Northwest Ethiopia

| have read or had this document read to me in a language that | understand, and I understand the
purposes, procedures, and risks of this research project as described within it. I understand that at
any time | can withdraw from this study without giving a reason. | have had an opportunity to
ask questions, and | am satisfied with the answers | have received. | know that there will be no
special payment for being a participant in the study. | freely agree to participate in this study, as
described. Participant code Signature  Date Interviewer’s

name Signature

54


mailto:eyoelhunie9@gmail.com

Annex I1. Amharic Version (Participant information sheet and Consent Form)
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AnnexIlI-Questionnaire (English version)

Questionnaire for the study on ‘Extended-Spectrum B-Lactamase and Carbapenemase Profile of

Uropathogens isolated from Pregnant Women in Bahir Dar, Northwest Ethiopia’

Instruction: fill the information, either tickin the appropriate boxes by using “right” or a word
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or phrases where required. Code number

- socio-demographic, clinical , behavioral and pregnancy related data

1 Age (years)

2 Residence A. Urban o B. Rural o

3 Marital status A. Single O
B. Married O
C. Divorced O
D. Widowed O

4 Educational level A. Unable to read and write. o
B. Only read and write O
C.Primary schoolo
D.Secondary schoolo
E.College and abover

5 Type of occupation A. House wife O
B. private businesso
C. Government employee O
D.other, specify -

6 Monthly income (in birr)

7 Do you have the habit of urination after | A yes O

sexual intercourse Bno O
8 To what direction do you wash | A forwardo
yourgenitals after defecation or urination Bbackward o

9 Gestational period (trimester) A.Fristo B.Second o C. Third o

10 Gravidity A. Primigravidae oB. Multigravidae o

11 Parity A.Nulliparous oB.Primiparous 0O
C.Multiparouso

12 History of UTI A.Yes 0 B. No O

13 Historyofcatheterization(in last3 months) A.Yeso B.Nono

14 History ofDiabetes Mellitus A.Yeso B.Noo

15 Historyofhospitalization(in last3 months) A.Yeso B.Noo

Annex-1V Questionnaire (Amharic version)
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Annex V-SOP for preparation of culture media, collection, and processing of specimens
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Urine sample collection
Mid-stream urine for microbiological examination is collected as follows:

1. Give the patient a sterile, dry, wide-necked, leak proof container and request a 5-10 ml
specimen. Wash the hands. Cleanse the area around the urethral opening with clean
waterand collect the urine with the labia held apart.

— Important: Explain to the patient the need to collect the urine with as little
contamination as possible, i.e. a clean-catch specimen.

2. Label the container with the date, identification number of the patient and time of
collection.

3. As soon as possible, deliver the specimen to the laboratory. When immediate delivery to

the laboratory is not possible, refrigerate the urine at 4-8 °C.
Laboratory procedures

Gram Stain

Purpose: Used to classify bacteria as gram positive and gram negative based on their gram

reaction.

Principle: Gram’s stain is that cells are first fixed to slide by heat or alcohol and stained with a
basic dye (e.g. crystal violate), which is taken up in similar amounts by all bacteria. The slides
are then treated with a Gram’s iodine (iodine KI mixture) to fix (mordant) the crystal violet stain
on Gram positive bacteria, decolorized with acetone or alcohol, and finally counter stained with

Safranin.

Procedure
1. Place the fixed slide on the staining rack.

2. Cover the heat-fixed smear with crystal violet; leave for 10-60 seconds. Wash off with water

and drain well.
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3. Cover the smear with Gram's iodine; leave for 10-60 seconds. Wash off promptly with water

and drain.

4. Holding the slide over the sink at a 45 dgree angle, run the decolorizing agent

(acetone/alcohol) over the slide and watch the excess run off the bottom edge of the slide.

5. Cover the smear with basic fuchsin or safranin (red counterstain); leave for 10-60 seconds.
Wash with water and drain; air-dry in an upright position.

6. Leave until dry and look for a microscope (100 xs)

7. Report as gram positive (blue coccii or rods) and gram negative (red rods or coccii) and others
accordingly

Biochemical tests
Catalase test procedure
Principle

Catalase acts as a catalyst in the breakdown of hydrogen peroxide to oxygen and water. An
organism is tested for catalase production by bringing it into contact with hydrogen peroxide.
Bubbles of oxygen are released if the organism is a catalase producer. The culture should not be

more than 24 hours old.

Required

Hydrogen peroxide, 3% H202 (10 volume solution)

Method

1. Pour 2-3 ml of the hydrogen peroxide solution into a test tube.

2. Using a sterile wooden stick or a glass rod (not a nichrome wire loop), remove several
colonies of the test organism and immerse in the hydrogen peroxide solution. — Important: Care
must be taken when testing an organism cultured on a medium containing blood because catalase
is present in red cells. If any of the blood agar is removed with the organism, a false positive

reaction may occur.
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3. Look for immediate bubbling.

Results Active bubbling . ........... Positive catalase test
Nobubbles.............. Negative catalase test
Coagulase test procedure

Principle -Coagulase causes plasma to clot by converting fibrinogen to fibrin. Required EDTA
anti- coagulated human plasma or rabbit plasma. The plasma should be allowed to warm to room

temperature before being used. Slide test method (detects bound coagulase)
1. Place a drop of distilled water on each end of a slide or on two separate slides.

2. Emulsify a colony of the test organism in each of the drops to make two thick suspensions and
mix gently, look for clumping. Note: Colonies from a Mannitol salt agar culture are not suitable

for coagulase testing. The organism must first be cultured on nutrient agar or blood agar.

3. Add a loop full (not more) of plasma to one of the organisms within 10 seconds.

.Results Clumping within 10 seconds .. ........... S. aureus
No clumping within 10 seconds . . ........ no bound coagulase .
Indole test

Testing for indole production is important in the identification of enterobacteriaceae. Most strain
of E. coli, P. vulgaris, P. rettgeri, M. morganii, and Providencia species break down the amino

acid tryptophan with the release of indole.

Principle

The test organism is cultured in a medium which contains tryptophan. Indole production is
detected by Kovac's or Ehrlich's reagent which contains 4 (p)-dimethylaminobenzaldehyde. This
reacts with the indole to produce a red colored compound.

Method
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1) Using a sterile straight inoculating wire pick bacterial colony, stab the SIM semisolid agar and

incubate the inoculated tube.

2) Add 3-5 drops of Indole reagent (modified kovac's reagent).
Results- Positive test: Red color

Negative test: No red color

Urease test (Christensen’s (modified) urea broth):

Urea agars were inoculated heavily over the entire surfaces of the slantsand then incubated at
370C for 3-12 hours. A urease-positive culture produces an alkaline reaction in the medium,
evidenced by pinkish red color of the Medium. Urease-negative organisms do not change the
color of the medium, which is pale yellow-pink.

Triple Sugar Iron (TSI) Agar Slant:

Using a sterile inoculating needle, stab the butt of the TSI slant then streak back and forth along
the surface of the agar with the organism. Incubate at 37-C for 18 to 24 h. If acid slant-acid butt
(yellow—yellow): glucose and sucrose and/or lactose fermented. If alkaline slant—acid butt (red—
yellow): glucose fermented only. If alkaline slant alkaline butt (red—red): glucose not fermented.
The presence of black precipitate (butt) indicates hydrogen sulfide production, and presence of
splits or cracks with air bubbles indicates gas production.

Citrate utilization test using Simmon’s citrate agar:

Simmon‘s citrate slopes was prepared in as recommended by the manufacturer (stored at 2-80C).
And the slopes then inoculated and incubated at 370C aerobically for 24 hours. Blue color
indicates a positive reaction and if Simmon‘s citrate agar slopes remained as green in color

indicate negative reaction.
Motility Test (using motility agars):

Motility agar was prepared and inoculated with a straight inoculating needle making a single stab

about 1-2cm down into the medium. The motility was examined after 35-370C for 24 hour.
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Motility indicated by the presence of diffuse growth (appearing as coloring of the medium) away

from the line of inoculation.
Modified Kirby-Bauer susceptibility testing technique
Method

1) Using a sterile wire loop, touch 3-5 well-isolated colonies of similar appearance to the test

organism and emulsify in 3—4 ml of sterile physiological saline or nutrient broth.

2) Match the turbidity of the suspension to the turbidity standard (mix the standard immediately

before use.

3) Using a sterile swab, inoculate a plate of Mueller Hinton agar. Remove excess fluid by
pressing and rotating the swab against the side of the tube above the level of the suspension.
Streak the swab evenly over the surface of the medium in three directions, rotating the plate

approximately 600 to ensure even distribution.

4) With the Petri dish lid in place, allow 3-5 minutes (no longer than 15 minutes) for the surface

of the agar to dry.

5) Using sterile forceps, needle mounted in a holder, or a multidisc dispenser, place the
appropriate antimicrobial discs, evenly distributed on the inoculated Mueller Hinton agar. Note:
The discs should be about 15 mm from the edge of the plate and no closer than about 24 from
disc to disc. Each disc should be lightly pressed down to ensure its contact with the agar. It

should not be moved once in place.

6) Within 30 minutes of applying the discs, invert the plate and incubate it aerobically at 37°C
for 16-18 h

7) After overnight incubation, using a ruler on the underside of the plate, measure the diameter of

each zone of inhibition in mm.
SOP for media preparation

Procedure for preparation:
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Prepare as instructed by the manufacturer.

1. Suspend certain gram of powder in liter of distilled or deionized water based on manufacturer
2. Heat and boil until completely dissolved with frequent agitation.

3. Sterilize in autoclave at 121°C for 15 minutes

4. Cool to 45-50 °C

5. Mix well and dispense (15-20 ml) aseptically into sterile petri dishes.

6. Leave standing to solidify.

7. Perform sterility testing..

8. Label the bottom of each plate with date of preparation and batch number.

Store the culture media plates upside down at 2-8°C sealed in plastic bags to reduce chances of

contamination. Test Samples for performance, using stable, typical control culture.
Extended spectrum beta-lactamase detection

Isolates that shows Inhibition zone < 22 mm Ceftazidime for and <25 mm forceftriaxone for
were confirmed for their ESBL production by combination disk test based on CLSI

recommendation.

Combination disk test

For each test disks containing cephalosporin alone (ceftriaxone and ceftazidime) and in
combination with clavulanic acid was applied. The inhibition zone around the cephalosporin
disk/tablet combined with clavulanic acid was compared with the zone around the disk/tablet

with the cephalosporin alone. The test was considered positive if the inhibition zone diameter is
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5 mm and larger with clavulanic acid than cephalosporin alone in all other cases the test result

was considered is negative.
Carbapenemase Detection

Isolates, which showed resistance the tested carbapenem, was confirmed for carbapenemase-

production by the modified carbapenem inactivation methods
Modified carbapenem inactivation methods

After preparation of bacterial suspension of tested isolates in 2ml Trypticase soya broth,
meropenem disk (10 pg) was added and incubated at 35°C £ 2°C in ambient air for 4 hours + 15
minutes. When the time is completed, meropenem disk (10 ug) was placed on a Muller Hinton
agar plate previously inoculated withmeropenem susceptibleE. coli ATCC 25922 suspension of
0.5-McFarland turbidity standards and was be incubated overnight (18-24hrs.) at 37°C.
Bacterial isolates having a zone of inhibition 6-15 mm or presence of pinpoint colonies within a
16-18 mm zone and no inhibition of the meropenem-susceptible E. coli ATCC 25922 was

confirmed as carbapenemase-producing (CLSI, 2025).

Interpretive Categories and Zone Diameter Breakpoints(CLSI, 2025).

Enterobacterales-recommendedantimicrobialagentsandzonesofinhibition

Antimicrobial Agent | Disk Content InterpretiveCategoriesandZoneDiameter
Breakpoints,nearestwholemm
S I

Ampicillin 10ug >17 14-16 <13

Amoxicillin- 20/10 pg >18 14177 <13
Clavulanate

Cefotaximeor 30 pug > 26 23-25" <22
Ceftriaxone 30 pug > 23 20-22n <19
Cefoxitin 30 g >18 15177 <14
Ceftazidime 30 pug >21 18-20" <17
Meropenem 10 pg > 23 20-22n <19
Gentamicin 10 pg > 18 1517~ <14
Amikacin 30 pug > 20 17-19n <16
Tetracycline 30 pg >15 12-14 <11
Ciprofloxacin S5ug > 26 22-25" <21
Nalidixic acid 30 pug >19 14-18 <13

65




Trimethoprim- 1.25/ 23.75 pg > 16 11-15 <10
Sulfamethoxazole

Chloramphenicol 30 pg > 13-17 <12
Nitrofurantoin(U)a 300 pg > 15-16 <14

ZoneDiameterBreakpointsforStaphylococcusspp

Antimicrobial Agent Disk Content InterpretiveCategoriesandZone Diameter
Breakpoints, nearest whole mm
S | R
Penicillin 10 units >29 - <28
cefoxitin 30 pg cefoxitin >22 - <21 (cefoxitin)
(surrogate test for | (cefoxitin)
Oxacillin
Gentamicin 10 pg >15 13-14 <12
Tetracycline 30 pug >19 15-18 <14
Ciprofloxacin Spug >21 16-20 <15
Clindamycin 2 ug >21 15-20 <14
Trimethoprim- 1.25/ 23.75 >16 11-15 <10
Sulfamethoxazole Mg
Chloramphenicol* 30 pg >18 13-17 <12
Nitrofurantoin 300 pg >17 15-16 <14

66




