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Background: Little is known about bacteria that produce extended-spectrum beta-lactamases (ESBLs) and carbapenemase in patients
with urinary tract infections (UTIs) in Tigrai, Ethiopia. The aim of this study was to describe the magnitude of ESBL- and
carbapenemase -producing gram-negative bacteria among patients suspected of community- and hospital-acquired UTIs at a referral
hospital in Tigrai, Ethiopia.

Methods: A cross-sectional study was conducted at Ayder Comprehensive Specialized hospital from January 2020 to June 2020.
A 10-20 mL sample of morning mid-stream and catheter urine was collected from consenting participants. Urine samples were
cultured on cysteine lactose electrolyte deficient medium and MacConkey agar, and bacteria were identified using standard micro-
biological protocols. The Kirby-Bauer disk diffusion method was used for antimicrobial susceptibility testing. The combination disk
and modified Hodge tests were used detect ESBL and carbapenemase production, respectively. The data was entered into EPI 3.1
software and analyzed using SPSS version 21.

Results: Overall, 67 gram-negative bacteria were recovered from 64 participants. Escherichia coli was the predominant isolate
(68.6%), followed by Klebsiella pneumoniae (22.4%), while ESBL production was found in both Escherichia coli and Klebsiella
pneumoniae (52.2% and 86.7%, respectively). Isolates recovered from patients with hospital-acquired UTIs were more likely to
produce ESBLs (AOR= 16.2; 95% CI: 2.95-89.5). Carbapenemase was produced by 4.3% of E. coli and 20% of Klebsiella
pneumoniae isolates. High resistance rates were found against tetracycline (84.8%), ampicillin (78.3%), amoxicillin/clavulanic acid
(58.7%) for Escherichia coli isolates and against ampicillin (93.3%), sulphamethexazole trimethoprim (93.3%), cefotaxime (86.6%),
and ceftazidime (86.6%), and tetracycline (73.3%) for Klebsiella pneumoniae.

Conclusion: Most UTIs were caused by ESBL-producing bacteria, especially those that were related to healthcare. Microbiological-
based therapy for patients with UTIs is essential at our study site due to high rates of ESBL and significant carbapenemase production
with concomitant high rates of drug resistance to several antibiotics.
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Introduction

Urinary tract infections (UTIs) are one of the major causes of morbidity and mortality among the global population and
ranked next to upper respiratory infections.! Globally, an estimated 150 million people suffer from UTIs every year.'
Members of the Enterobactericeae family such as Escherichia coli (E.coli), Klebsiella species, Proteus species and other
non-fermenter gram-negative rods such as Pseudomonas species are the predominant etiologic agents of UTIs.” The
human intestinal system is the primary reservoir for E.coli, and these pathogens use specialized virulence factors such as
adhesions, siderophores, and toxins to colonize and invade the urinary tract in an ascending pattern.® The presence of
capsular polysaccharides, type 1 and type 3 pili, aggregative adhesion factors, and siderophores all play key roles in
Klebsiella pneumoniae (K. pneumoniae) infections.*

Despite the efforts of infection control and antibiotic stewardship, the incidence of carbapenem-resistant and
extended-spectrum beta-lactamase-producing bacteria is rising globally and untreatable superbugs are emerging.”°
World Health Organization (WHO) predicted that deaths associated with antibiotic resistance will be 10 million
per year by 2050 globally unless appropriate control and prevention strategies are implemented.” Multidrug resistance
(MDR) has grown around the world, threatening the public’s health. Recent studies have revealed the emergence of
multidrug-resistant bacterial infections, which warrants a prudent use of antibiotics and laboratory-based patient care.* '
Empirical treatment of UTIs results in an increase in medication resistance among patients, making management of
community and hospital-acquired bacterial UTIs challenging.®

On top of this, bacteria causing UTIs are known for producing extended-spectrum beta-lactamase (ESBLs) and are
often resistant to third-generation cephalosporins.'' Extended-spectrum beta-lactamase can hydrolyze and become
resistant to the latest generation of cephalosporin and monobactams.'? Additionally, because some uropathogens produce
carbapenemase enzymes, resistance to last-resort antibiotics like carbapenemase is rising.'> The proportion of carbape-
nemase-producing bacterial isolates reported from hospital-based studies in sub-Saharan African countries ranged from
9% to 60%.'*'> A significant incidence of ESBL-producers, carbapenem-resistant, and MDR bacteria from patients with
UTIs has also been documented in several earlier studies in various contexts, notably from sub-Saharan African
countries.'*1°

In Ethiopia, where several studies have documented the range and antibiotic resistance pattern of bacteria causing
UTIs, there are significant changes in the etiology and resistance profiles of bacterial pathogens across geographical areas
and time.'” % In a 2015 study at Gondar University Hospital in Northwest Ethiopia, 160 (87.4%) of the patients were
MDR where the most common isolates were K. pneumoniae and E.coli. Five isolates (2.7%) were carbapenemase
producers, and all carbapenemase strains were 100% ESBL producers.*” In a 2016 study at Jimma University Specialized
Hospital in southwest Ethiopia, 23% of the uropathogens were ESBL producers where E. coli and K. pneumoniae were
the most prevalent. Cefotaxime (100%), ceftriaxone (100%), and ceftazidime (70.6%) resistance was observed in ESBL-
producing phenotypes.”'

Even though the different etiologies could have an impact on treatment options, the bulk of research in Ethiopia is mainly
concentrated on UTIs that were acquired in hospitals, neglecting the bacterial range and antibiotic resistance profiles
uropathogens that could be acquired in the community. In addition, although the Ethiopian Ministry of Health has published
a national action plan to prevent and control antimicrobial resistance, antibiotic stewardship programs have not been
systematically implemented in many Ethiopian hospitals, including our study site.”* Antibiotics are also generally available
to the general public over the counter in Ethiopia and are used to empirically treat a variety of bacterial diseases, which may
lead to an increase in antimicrobial resistance from time to time.** Therefore, this study was conducted to describe ESBL-
and carbapenemase- producing gram-negative bacteria and associated factors among patients suspected of community and
hospital acquired UTIs at Ayder comprehensive specialized hospital, Tigrai, Ethiopia.

Materials and Methods
Study Setting

A cross-sectional prospective study was conducted from January 1, 2020 to June 30, 2020 at Ayder Comprehensive
Specialized hospital. The hospital is located in Mekelle, a city located 783 kilometers north of Addis Ababa. The hospital’s
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primary function is to provide medical care, but it also conducts medical education and research. The hospital has a capacity
of more than 500 beds and serves 350 patients on average per day at all outpatient departments and in various admission
units. More than 9 million people from Tigrai and bordering regions of Amhara and Afar are served by the hospital.

Study Population and Recruitment

The study populations were all patients suspected of having community and/or hospital acquired UTIs at Ayder
Comprehensive Specialized hospital during the study period. Patients of any age group who provided written consent and
assent and with suspected UTIs (both community- and hospital-acquired UTI) were included. Following that, data on socio-
demographic characteristics of study participants such as age, gender, and other sociodemographic parameters were obtained
prospectively using a standardized questionnaire prior to urine sample collection. The clinical profile data for the participants
was extracted using a standardized recording format from the patients’ medical recoding document retrospectively.

Sample Size Determination

The sample size was determined using a single proportion formula, n1 =z p (1-p)/d2, where nl was the initial sample
size, with a confidence level of 95%, an estimated proportion of 50%, and a margin of error of 5%. After applying a finite
population correction, n2 =nl/(1 + (n1/N)), where N was the total number of patients suspected with UTI at study site for
a three months period (N = 1300), we obtained a final sample size of 297. The sample was then proportionally
distributed, with 126 participants coming from hospital and 171 from the community acquired groups, respectively.
A convenient sampling technique was employed to recruit the study participants.

Study Variables and Definitions

Dependent variables in this study were microbiologically confirmed UTIs (community- and hospital-acquired),
ESBL production, and drug resistance pattern (susceptible, resistant, and intermediate). Community-acquired
infections are defined as infections that have an onset within 48 hours of hospital admission or that present in
the outpatient setting.”> Hospital acquired infections, on the other hand, are newly acquired bacteria contracted
within a hospital environment after 48 hours of admission or within three days after discharge from other
healthcare, and within a month following surgery.’® Age, sex, and other sociodemographic factors were considered
as independent variables. In addition, several clinical characteristics and related factors were taken into considera-
tion, such as having a urinary catheterization, having benign prostate hyperplasia, having an underlying disease,
undergoing dialysis, having stones in the kidneys, being pregnant, and if the participant has chronic renal fever.

Urine Sample Collection

A sterile, dry, wide-necked, 100 mL container with a leak-proof seal was provided to study participants for the collection
of 10-20 mL of morning mid-stream for the ambulatory patients. A trained nurse also aseptically collected catheter urine
from inpatients.

Bacterial Isolation and Identification

Collected urine samples were inoculated onto cysteine lactose electrolyte deficient (CLED) (Oxoid, UK) and
MacConkey agar (Oxoid, UK) media using a calibrated loop (1pL) and incubated at 35 °C£2°C for 24 hours.
A participant was declared positive for UTIs if the colony count was > 10° CFU/mL in symptomatic ambulatory
patients, whereas the presence of any possible bacterial pathogens in catheterized patients was considered positive
for UTIs. The isolates were identified using sequential microbiological procedures such as gram staining and
a series of biochemical tests including triple sugar iron test, lysine decarboxylase test, sulfide and indole positivity
test, motility and citrate utilization tests, urease production, and oxidase positivity tests.?’

Antimicrobial Susceptibility Testing
For antimicrobial susceptibility testing, we used the disk diffusion method in accordance with the 2014 Clinical
Laboratory Standard Institute’s (CLSI) guidelines.”®* Following species identification, three to five colonies of the
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same morphological type were chosen from CLED agar (Oxoid, UK). The growth was transferred into a tube containing
4 to 5 mL of normal saline and turbidity was adjusted to 0.5 McFarland standards as assessed by turbidometer. A sterile
cotton swab was submerged and swirled several times before being pushed against the upper test tube wall. It was then
swabbed 60 degree across the Mueller Hinton Agar (Oxoid, UK) surface. The antibiotic classes we considered were
penicillins (ampicillin, amoxicillin/clavulanic acid), cephalosporins (cefotaxime and ceftazidime), aminoglycosides
(amikacin and gentamicin), carbapenems (meropenem), tetracyclines (tetracycline), floroquinolones (ciprofloxacin),
and nitrofuran (nitrofurantoin) and sulfonamides (trimethoprim sulfamethoxazole). All of the antibiotic discs used
were from Oxoid, UK and specifically included cefotaxime (30 pg), ampicillin (30 pg), amikacin (30 pg), ceftazidime
(30 pg), amoxicillin/clavulanic acid (20/10 pg), ciprofloxacin (30 pg), gentamicin (10 pg), meropenem (30ug), nitrofur-
antoin (300 ug), tetracycline (30 pg), and trimethoprim sulfamethoxazole (20 pg). These antibiotics were chosen based
on CLSI guidelines and availability.*® Antimicrobial impregnated paper disks were placed on the plate and incubated
aerobically at 35°C+2 °C for 18 hours. The isolates were then categorized as sensitive, intermediate, or resistant using the
CLSI’s defined charts.”® Multidrug resistance (MDR) is defined as resistance to three or more classes of antibiotics.*

Screening for Potential ESBL-Producing Isolates

The ESBL screening test was performed by the standard disk diffusion method by using ceftazidime (30 pg) and
cefotaxime (30 pg) (Oxoid, UK) discs as recommended by CLSI guidelines.®® Freshly grown colonies were suspended in
normal saline, and the suspension’s turbidity was set at 0.5 McFarland’s standard. The suspension was then inoculated
onto Mueller-Hinton agar (Oxoid, UK) using a sterile cotton swab, and the two antibiotic discs were placed at a gap of
20 mm and incubated at 35 2°C for 16-18 hours. The isolates that showed inhibition zone size of < 22 mm for
ceftazidime (30 pg) and <27 mm for cefotaxime (30 pug) were considered as potential ESBL-producers. Further con-
firmation for ESBLs production was made by using combination disk test (CDT) as recommended by CLSI guidelines as
described below.*®

Phenotypic Confirmation of ESBL Producers

A suspension of pure bacterial culture matched with 0.5 McFarland turbidity standards was distributed on a Mueller-
Hinton agar plate (Oxoid, UK), and amoxicillin-clavulanic acid (Oxoid, UK), was added, along with cefotaxime (30 g)
and ceftazidime (30 g) (Oxoid, UK). The plate was incubated at 350C for 24 hours before being inspected for an
enhancement of the oxyimino-B-lactam caused by the inhibitory zone induced by the clavulanate synergy in the
amoxicillin-clavulanate disk. An increase in inhibition zone diameter > 5 mm for a combination of the discs relative

to ceftazidime or cefotaxime disc alone was recognized as confirmation of ESBL producer according to CLSI criteria.?®

Phenotypic Detection of Carbapenemase Production

The Modified Hodge test (MHT) was used to detect carbapenemase production in all meropenem-resistant and
meropenem-intermediate Enterobactericeac and P. aeruginosa isolates in this study. Briefly, E. coli ATCC 25922 was
prepared as a 0.5 McFarland dilution in 5 mL of broth and a Mueller Hinton agar plate (Oxoid, UK) was streaked with
a 1:10 dilution as lawn. In the middle of the test area, a 10 pg disc of meropenem was positioned. From the edge of the
disk to the edge of the plate, the test organism was streaked in a straight line. The plate was then incubated for 24 hours at
35°C. When E.coli ATCC 25922 grew around the streak organism and showed indentation, the isolate was recorded as
a carbapenemase producer, whereas no growth of E. coli ATCC 25922 along the streak organism indicated a negative test

and the isolate was not a carbapenemase producer.”*-'!

Quality Control

The quality of microbiological analysis was ensured by following standard quality assurance protocols. Commercially
available E. coli (ATCC 25922), S. aureus (ATCC 25923), and P. aeruginosa (ATTC 27853) from the Ethiopian Public
Health Institute (EPHI) were utilized as controls in each batch of media prepared and during microbiological identifica-
tion. Mueller-Hinton agar was also tested for quality, with a thickness of 4mm and a pH of 7.2-7.4.
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Data Analysis
Data were entered into EPI 3.1 software (http://www.epidata.dk) and analyzed by SPSS version 21 (IBM Corporation,
Armonk, NY, USA). Bivariate and multivariate logistic regression models were used to examine the potential predictor

variables with the outcomes of interest. Covariates with p-values of < 0.25 in a bivariate analysis and co-linearity matrix
index of < 0.7 were considered for inclusion in the multivariate model. P-value < 0.05 with 95% confidence interval was
considered as statistically significant.

Ethical Considerations

Ethical clearance was obtained from the Institutional Review Board (IRB) of Mekelle University, College of Health
Sciences with reference number (ERC) 1484/2020. The study was carried out in accordance with relevant national,
international and scientific guidelines’ along with our study was conducted in accordance with the Declaration of
Helsinki. After briefing the objectives of the study and before collecting the data, informed consent and assent were
collected from adult participants and minors’ guardians, respectively. The data and samples were kept confidential and
used for the specified objectives only and finally, the specimens were discarded following the infection prevention
guideline.

Results

Socio-Demographic and Clinical Characteristics
Table 1 shows the sociodemographic and clinical characteristics of the study participants. In total, 297 urine samples
were collected from 126 and 171 patients suspected of having UTIs in the community and hospital, respectively. The

Table | Baseline Characteristics of Participants Enrolled in a Study for Describing ESBL- and
Carbapenemase- Producing Gram-Negative Bacteria and Associated Factors Among Patients
Suspected of Community- and Hospital- Acquired UTls at a Referral Hospital, Tigrai, Ethiopia
from January 2020 to June 2020 (n = 297)

Characteristics Category Frequency Percent

Age (Years) 0-5 36 12.1
6-15 24 8.1
16-30 98 33
3145 58 19.5
46-60 52 17.5
>60 29 9.8

Gender Female 162 54.5
Male 135 455

Place of Residence Rural 84 283
Urban 213 71.7

Department Intensive care Unit 43 14.5
Medical Ward 77 259
Medical OPD 131 44.1
Dialysis 2 0.7
MICHU Clinic 6 2.0
GYN-Ward 2 0.7
Emergency OPD 18 6.1
GYN OPD 6 2.0
Surgical Ward 4 1.3
Surgical OPD 8 27

Patient setting Community 171 574
Hospital 126 424

Abbreviations: OPD, Outpatient diagnosis; GYN, Gynecology.
Infection and Drug Resistance 2023:16 htps: 4029
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participants’ median age was 30 years, with an interquartile range of 18—47 years. Eighty-eight (33%) of the participants
were between the ages of 16 and 30, and 162 (54.5%) were females. The majority of participants, 213 (71.7%), were
from urban areas. A large number of the urine samples, 131 (44.1%), were taken from medical outpatient departments
(OPDs), followed by 77 (26%) from medical wards. Furthermore, 112 (37.7%) of the participants had underlying disease
status, with chronic renal disease and diabetes mellitus accounting for 28 (9.4%) and 31 (10.4%) of the cases,
respectively. More than one-third of the participants (34.4%) had a history of urinary catheterization, and 146 (49.2%)
had previously taken antibiotics, with 17.2% and 13.5% using at least ceftriaxone and ceftazidime, respectively. Seventy-
eight (26.3%) of the samples was collected from patients who had recurrent UTIs twice.

Prevalence of Gram- Negative Bacteria

A total of 67 gram-negative bacteria were found among 64 (21.5%) participants, 3 of which were mixed infections. The
most common isolate was E. coli 46 (68.6%), followed by K. pneumoniae 15 (22.4%) and P. aeruginosa 3 (4.5%),
Figure 1. The majority of E. coli isolates (63%) were from patients who had UTIs in the community. In contrast, 12
(80%) of K. pneumoniae isolates were recovered from patients with hospital acquired UTIs. All carbapenemase
producing bacteria 7 (22.6%) were recovered from patients with hospital acquired UTIs, Table 2.

Phenotypic Characteristics of the Recovered Isolates

ESBL production was observed in 24 (52.2%) of E. coli, 13 (86.7%) of K. pneumoniae, and 2 (100%) of E. cloacae
isolates. None of the isolated P. aeruginosa or Acinetobacter species produced ESBL. On the other hand, 2 (4.3%) of E.
coli, 3 (20%) of K. pneumoniae, and 1 (33.3%) of P. aeruginosa isolates produced carbapenemase, Table 2.

Antimicrobial Resistance Pattern of the Recovered Isolates
High resistance rates were found against tetracycline 39/46 (84.8%), ampicillin (78.3%), amoxicillin/clavulanic acid
(58.7%) for Escherichia coli isolates and against ampicillin (93.3%), sulphamethexazole trimethoprim (93.3%), cefotax-
ime (86.6%), and ceftazidime (86.6%), and tetracycline (73.3%) for Klebsiella pneumoniae. E. coli showed the lowest
rates of resistance to amikacin (4.3%) and meropenem (4.3%), whereas K. pneumoniae showed the lowest rates of
resistance to amikacin (13.3%), meropenem (26.7%) and nitrofurantoin (33.3%). Out of the 3 P. aeruginosa isolates, 1
(33.3%) was resistant to ciprofloxacin, 1 (33.3%) for gentamicin, and another 1 (33.3%) for meropenem. None of the
isolates of P. aeruginosa and Acinetobacter Spp were resistant to amikacin and ciprofloxacin, respectively, Table 3.
The antibiotic resistance pattern was further divided to the community and hospital isolates, as shown in Table 4.
Tetracycline (79.4% vs 86.7%), ampicillin (76.5% vs 90%), and tetracycline (79.4% vs 86.7%) had higher rates of
resistance in isolates recovered from both community- and hospital-acquired UTIs. Twenty-eight (90.3%) of the resistant
isolates in the hospital- acquired and 11 (30.5%) in the community- acquired groups were ESBL producers.

4.5% 3% 1%

B E. coli

22.4%

B K. pneumoniae
E.cloacea

B P. aeruginosa

68.6% m Acinetobacter Spp

Figure | Prevalence of gram negative bacterial isolates among patients suspected for community and hospital- acquired UTI in ACSH, Tigrai, Ethiopia.
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Table 2 Magnitude of Gram-Negative Bacteria Recovered from Patients with Community-and Hospital-

Acquired UTls and Their ESBL and Carbapenemase Production Rate at a Referral Hospital, Tigrai, Ethiopia
from January 2020 to June 2020 (n = 297)

Bacterial Isolates (n) Frequency (n, %) ESBL (n, %) Carbapenemase (n, %)
CA-UTI HA-UTI CA-UTI HAUTI CA- UTI HA-UTI

E.coli (46) 29 (63) 17 (37) 9(19.6) 15(32.6) - 2(4.3)

K. pneumoniae (15) 3 (20) 12(80) 1(6.7) - 3(20)

E. clocae (2) | | 1(50) - 1(50)

P. aeruginosa (3) 2(66.6) 1(33.3) - - - 1(33.3)

Acinetobacter spp (1) 1(100) - - - - -

Total 36(53.7) 31(46.3) 11(30.6) 28(90.3) - 7 (22.6)

Abbreviations: ESBL, Extended-Spectrum B-Lactamase; CA-UTI, community acquired urinary tract infection; HA-UTI, hospital acquired

urinary tract infection.

Table 3 Antimicrobial Resistance Pattern of Gram-Negative Bacteria Recovered from Patients with

Community-and Hospital-Acquired UTIs at a Referral Hospital, Tigrai, Ethiopia from January 2020 to

June 2020 (n = 297)

Antibiotics Resistance Isolates of Gram Negative Bacteria, n(%)
E.coli K. pneumoniae | E. cloacae P. aeruginosa | Acinetobacter
(4¢6) (15) (2) (3) spp (1)

Penicillins

AUG 27 13 2 | |

AMP 36 14 2 | |

Cephalosporins

CTX 24 13 | |

CAZ 23 13 | |

Floroquinolones

CIP 24 10 2 2 0

Aminoglycosides

AN 2 2 | 0 |

GN 16 10 2 | |

Carbapenems

MEP 4 | | |

NIT 5 2 NA |

Sulfonamides

SXT 29 14 2 | |

Tetracyclines

TET 39 I 2 | |

Abbreviations: AN, amikacin; AUG, amoxicillin/clavulanic acid; AMP, ampicillin; CTX, cefotaxime; CIP, ciprofloxacin; SXT, sulphamethex-
azole trimethoprim; GN, gentamicin; MEP, meropenem; NIT, nitrofurantoin; CAZ, ceftazidime; TET, tetracycline; CP, Carbapenemase; S,
sensitive; |, intermediate; R, resistance.

Multidrug Resistant of Gram Negative Bacterial Isolates

The overall multidrug resistant gram negative bacteria in our study were 56 (83.6%). Thirteen (19.4%) and nine (9%) isolates

showed MDRs to seven and eight antimicrobial classes, respectively. The multidrug resistance rates of E. coli and

K. pneumonia were 37 (80.4) and 14 (93.3) respectively. Seven (15.2%) and six (40%) isolates of E. coli and K. pneumonia

showed resistant to seven classes of antibiotics respectively. Three isolates (6.5%) of E. coli showed resistant to eight classes of

antibiotics. The only two isolates of Enterobacter cloacae and only one isolates of Enterobacter spp showed MDRs to eight

classes of antibiotics but 1 (33.3%) isolate of Pseudomonas showed MDR to seven classes of antibiotics, Table 5.

Infection and Drug Resistance 2023:16

4031

Dove:


https://www.dovepress.com
https://www.dovepress.com

Gebremedhin et al Dove

Table 4 Antimicrobial Resistance Pattern of the Isolated Gram-Negative Bacteria Across Patients with Community- Vs Hospital-
Acquired UTls at a Referral Hospital, Tigrai, Ethiopia from January 2020 to June 2020 (n = 297)

Antibiotics Tested Community Acquired UTlIs No. of Isolates Hospital Acquired UTlIs
Isolates Tested

S n(%) I n (%) R n (%) S n (%) 1 n(%) R n(%)
Penicillins
AUG 34 15 (44.1) 5(14.7) 14(41.2) 30 1(3.3) NA 29(96.7)
AMP 34 6 (17.6) 2(5.9) 26 (76.5) 30 3 (10) NA 27 (90)
Cephalosporins
CTX 34 23(67.6) I (323) 30 I (3.3) 29(96.7)
CAZ 36 23(63.9) 1(2.7) 12 (33.3) 31 3(9.7) 28(90.3)
Floroquinolones
Cip 36 23(63.9) 1(2.7) 12 (33.3) 31 5 (le.l) 1(3.2) 25(80.6)
Aminoglycosides
AN 36 33091.7) | 127) 2 (5.5) 31 26 (83.8) 1(/3.2) 4(12.9)
GN 36 25(69.4) 2(5.5) 9(25) 31 9 (29.0) 1(3.2) 21(67.7)
Carbapenems
MEP 36 35(97.2) 1(2.7) 31 24 (77.4) 7(22.6)
Nitrofuran
NIT 34 27(79.4) 1(2.9) 6(17.4) 30 17(56.7) 3 (10) 10(33.3)
Sulfonamides
SXT 34 12(35.3) 2(5.9) 20(58.9) 30 4(13.3) - 26(86.7)
Tetracyclines
TET 34 3(8.8) 4(11.7) 27 (79.4) 30 3(10) 1(3.3) 26 (86.7)

Notes: n (%) shown in the table for all (S, I, R); Method for determining susceptibility/resistance (disk diffusion, CLSI criteria).

Abbreviations: CA, Community acquired; HA, hospital acquired; AN, amikacin; AUG amoxicillin/clavulanic acid; AMP, ampicillin; CTX, cefotaxime; CIP, ciprofloxacin; SXT,
sulphamethexazole trimethoprim; GN, gentamicin; MEP, meropenem; NIT, nitrofurantoin; CAZ, ceftazidime; TET, tetracycline; CP, Carbapenemase; S, sensitive; |, intermediate; R,
resistance.

Table 5 Distribution of Multidrug-Resistant Bacteria to Indicated Class Range of Antibiotics for Isolates
Recovered from Patients with UTIs at a Referral Hospital, Tigrai, Ethiopia from January 2020 to
June 2020 (n = 297)

Isolates Distribution of MDRs Gram Negative Bacteria, n (%) MDRs n (%)
R3 R4 R5 Ré R7 R8

K. pneumoniae (15) 1(6.7) 2(13.5) 3(20.2) 2(13.5) 6 (40) - 14 (93.3)

E. coli (46) 6 (13) 4 (87) 10 (21.7) 7(15.2) 7(15.2) 3 (6.5) 37 (80.4)

E. cloacae (2) - - - - - 2 (100) 2 (100)

P. aeruginosa (3) 1 (33.3) 1 (33.3) - 2 (66.6)
Acinetobacter spp (1) - - - - - I (100) I (100)

Total 67 8 (11.9) 6 (9) 13 (19.4) 9 (134) 13 (19.4) 6(9) 56 (83.6)

Notes: R3, resistant for three classes of antibiotics, R4 resistant for four classes of antibiotics etc, MDR, multidrug resistant.

Factors Associated with Urine Culture-Proven Community- and Hospital-Acquired
UTls

In a multivariate logistic regression analysis, being female [AOR= 2.072; 95% CI: 1.065-4.031], living in a rural area
[AOR= 2.061; 95% CI: 1.352-5.003], having underlying disease [AOR= 2.145; 95% CI: 1.116—4.123], and having
a frequency of UTI recurrence greater than two times [AOR= 4.287; 95% CI: 1.872-9.821] were significantly associated
with having a microbiologically confirmed community and hospital acquired UTIs, Table 6.
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Table 6 Factors Associated with Having a Microbiologically-Confirmed Community- and Hospital -Acquired UTls at a Referral
Hospital, Tigrai, Ethiopia from January 2020 to June 2020 (n = 297)

Variables Category UTI COR [95% CI] AOR [95% CI] P-value
Yes n (%) | No n (%)

Sex Female 39 (24.4) 121 (75.6) | 1.405 [0.799, 2.472] 2.072 [1.065, 4.031] 0.032*
Male 25 (18.7) 109 (81.3) | 1.000 1.000

Place of Residence Rural 28 (33.3) 56 (66.7) 2.417 [1.355, 4.309] 2.601 [1.352, 5.003] 0.004*
Urban 36 (17.1) 174 (82.9) | 1.000 1.00

Underlying Disease status Yes 37 (33.3) 74 (66.7) 2.889 [1.637,5.098] 2.145 [1.116, 4.123] 0.022*
No 27 (14.7) 156 (85.3) | 1.000 1.000

Previous history of Characterization Yes 32 (32.0) 68 (68.0) 2.382 [1.353, 4.196] 1.585 (0.768, 3.270)
No 32 (16.5) 162 (83.5) | 1.000 1.000 0.213

Previous history of antibiotic use Yes 39 (26.4) 109 (73.6) | 1.732 [0.984, 3.047] 1.084 [0.536, 2.194] 0.822
No 25 (17.1) 121 (82.9) | 1.000 1.000

Prior IV therapies at home or Clinic in the | Yes 40 (30.5) 91 (69.5) 2.546 [1.438, 4.506] 1.421 [0.671, 3.007] 0.359

last 3 days No 24 (14.7) 139 (85.3) | 1.000 1.000

Previous admission in health facility for >2 | Yes 36 (31.6) 78 (68.4) 2.505 [1.425, 4.405] 1.584 [0.761, 3.296] 0.219

days No 28 (15.6) 152 (84.4) | 1.000 1.000

Frequency of UTI recurrence No 27 (15.4) 148 (84.6) | 1.000 1.000
2 times 20 (25.6) 58 (74.4) 1.890 [0.984, 3.632] 1.771 [0.863, 3.635] 0.119
>2 times 17 (41.5) 24 (58.5) 3.883 [1.884, 8.175] 4.287 [1.872, 9.821] 0.001*

Notes: 1.000: Reference Category, *Statistically significant at 0.05 (5%).
Abbrviations: AOR, Adjusted Odds Ratio; COR, Crude Odds Ratio.

Factors Associated with ESBL Production Among the Recovered Isolates
In a multivariate analysis, isolates recovered from patients with hospital acquired UTIs were significantly more likely to
produce ESBL [AOR= 16.237; 95% CI: 2.947, 89.473] as compared to those recovered from patients with community

acquired UTIs, Table 7.

Table 7 Factors Associated with ESBL Production Among Gram-Negative Bacterial Uropathogens Recovered from Patients with

Community-and Hospital-Acquired UTls at a Referral Hospital, Tigrai, Ethiopia from January 2020 to June 2020 (n = 297)

Variables Category ESBL Production COR [95% CI] p-value | AOR [95% CI] P-value
Yes n (%) | None (%)
Patient setting CA-UTI 11 (30.6) 25 (69.4) 1.000 1.000
HA-UTI 28 (90.3) 3 (99 18.667 [4.707,74.023] | <0.001* | 16.237[2.947,89.47] 0.001*
Underlying Disease status Yes 27 (69.2) 12 (30.8) 2.596 [0.948, 7.106] 0.063 0.533 [0.110,2.587] 0.435
No 13 (46.4) 15 (53.6) 1.000 1.000
Previous history of Yes 26 (76.5) 8 (23.5) 4.412 [2.365, 12.616] | 0.006 1.800 [0.380, 8.528] 0.459
Characterization No 14 (42.4) 19 (57.6) 1.000 1.000
Previous history of Yes 31 (73.8) Il (26.2) 5.010[1.722, 14.573] | 0.003 3.139 [0.746,13.20] 0.119
antibiotic use No 9 (36.0) 16 (64.0) 1.000 1.000
Prior IV therapies in the last | Yes 30 (71.4) 12 (28.6) 3.750 [1.321, 10.644] | 0.013* 1.292 [0.292, 5.715] 0.735
3 days No 10 (40.0) 15 (60.0) 1.000 1.000
Previous admit in health Yes 28 (73.7) 10 (26.3) 3.967 [1.4116,11.146] | 0.009 1.216 [0.258, 5.732] 0.805
facility (>2 days) No 12 (41.4) 17 (58.6) 1.000 1.000
Frequency of UTI No 20 (71.4) 8 (28.6) 1.000 1.000
recurrence Two times | 12 (54.5) 10 (45.5) 0.480 [0.148, 1.552] 0.614 [0.132, 2.858] 0.534
>Two 8 (47.1) 9 (52.9) 0.356 [0.101, 1.249] 0.096* 0.292 [0.054,1.591] 0.155

Notes: 1.000: Reference Category, *Statistically significant at 0.05 (5%).
Abbreviations: E CA-UTI, community acquired urinary tract infection; SBL, Extended Spectrum of Beta lactamase; AOR, Adjusted Odds Ratio; COR, Crude Odds Ratio.
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Discussion

In this study, a total of 67 gram-negative bacteria were recovered from 64 participants with community-and hospital-
acquired UTIs. E. coli made up the majority of the isolates (68.6%), followed by K. pneumoniae (22.4%), while ESBL
production was found in isolates from both K. pneumoniae and E. coli (86.7% and 52.2%, respectively). Carbapenemase
was produced by 4.3% of E. coli and 20% of K. pneumoniae, indicating that carbapenemase-mediated resistance is
becoming a concern in our study setting. High resistance rates were observed against sulphamethexazole trimethoprim,
amoxicillin/clavulanic acid, ampicillin, and tetracycline.

Our study’s overall observed ESBL production rate (58.2%) is higher than earlier studies in different parts of
Ethiopia, most notably a study conducted in southwest Ethiopia (23%)>' and Adama hospital in Central Ethiopia
(25%).** The discrepancies could be attributed to differences in extent of antibiotic use and participant characteristics.
In the southwest Ethiopian study, for example, only 33.8% of the isolates were recovered from patients with UTIs at
a healthcare facility, but in our study, nearly half (46.3%) of the isolates were obtained from hospital associated UTIs.
Studies show that ESBL production and antimicrobial resistance are much higher in health-care associated infections
than in the community.>* > This was also demonstrated in our study, where isolates from UTIs acquired in hospitals
were substantially more likely to produce ESBL than isolates from UTIs acquired in communities. It is also worth noting
that our study period coincides with the COVID-19 pandemic, and because antibiotics may have been used to empirically
treat febrile patients to prevent secondary bacterial infections, this may have increased ESBL and carbapenemase
production and associated drug resistance including in patients with UTIs.>® Our results might indicate that ESBL-
producing gram-negative bacteria are expanding quickly in Ethiopia over time.

When compared to findings from other countries, such as those from Nepal (55.2%),>” Italy (42.9%),>® and Sri Lanka
(40.2%),>* ESBL production is also higher in our study. Although these studies included patients with healthcare-
associated UTIs like ours, the discrepancies may be due to variations in antibiotic use policies, infection prevention
practices, and sample size. Contrary to those countries, Ethiopia allows people to purchase antibiotics over-The-counter
and use them against infections, which could promote the production of ESBLs and eventually result in antimicrobial
resistance.>* Our finding, however, is lower than one from Ethiopian children, where 79% of the isolates were found to
be ESBL producers.?’ This high level of ESBL production in the previous study could be attributed to the fact that the
majority of study participants (74%) were inpatients.

K. pneumoniae was the most common ESBL producing gram- negative bacteria (88.2%). This is comparable with
previous studies done in Ethiopia'” Nigeria, North America®® & Europe*' and Bangladesh.*? On the other hand, our
findings contradicted other reports from Ethiopia,' Sri Lanka,*® and India.** This disparity in the findings could be
attributed to differences in the use of antibiotics, corticosteroid use, and hospitalization. The prevalence of carbapene-
mase producing gram negative bacteria was 10.5%, which is line with reports from northwest Ethiopia and sub-Saharan
Africa'”'® but lower than the studies from China** and Nigeria.*® The increasing incidence of carbapenemase-producing
strains is a big worry, particularly in countries like Ethiopia where antibiotics are available over the counter and can be
used without prescription.

Public health concerns exist in the study site and likely in Ethiopia due to high rates of resistance against tetracycline
(84.8%), ampicillin (78.3%), amoxicillin/clavulanic acid (58.7%) for ESBL-producing E. coli isolates and against
ampicillin (93.3%), sulphamethexazole trimethoprim (93.3%), cefotaxime (86.6%), and ceftazidime (86.6%), and tetra-
cycline (73.3%) for K. pneumoniae. This may imply that using this class of antibiotics to treat UTIs at our study site may
result in treatment failure. Antibiotics that are effective against ESBL-producing pathogens are typically few and may
provide serious treatment challenges in the future.*>*® In our investigation, E. coli showed the lowest rates of resistance
to amikacin (0.4%) and meropenem (0.4%), whereas K. pneumoniae showed the lowest rates of resistance to amikacin
(1.3%), meropenem (2.6%), and nitrofurantoin (3.3%). This further supports the need to use antibiotic susceptibility
testing results to help manage patients with UTIs at our study site.

Females, those living in rural areas, those with underlying diseases, and those who had recurrent UTIs more than
twice were more likely to have bacteriologically proven UTIs in a multivariate analysis, which is consistent with
previous reports.*”*® Instead of relying just on clinical grounds and empirical treatment, such clients presenting with UTI
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symptoms at our study site should be managed based on microbiological analysis, including antibiotic susceptibility
testing results.

Although this study provided important information on the etiologic agents of UTIs and antimicrobial resistance
profile of uropathogens at our study site, it was not without limitations. First, we were unable to undertake a molecular
analysis due to financial constraints. Given the scarcity of data in developing countries like Ethiopia, we believe that our
findings, albeit just phenotypic, will be beneficial to health programmers, particularly those aiming to prevent anti-
microbial resistance. Second, we used odds ratios to estimate associations, and as previous research has shown, odds
ratios may overestimate the association in cross-sectional studies, and Cox or Poisson regressions may be preferable for
this sort of study.*’

Conclusions

The majority of UTIs at our study sites were caused by ESBL producing bacteria and especially those acquired in the
healthcare. The documented high rate of ESBL and significant carbapenemase production with concomitant high rates of
drug resistance, including multidrug resistance to many antibiotic classes, highlights the importance of using micro-
biological-based therapy for patients with UTIs at the study sites. The associations between UTIs and being female,
living in rural areas, and having underlying diseases suggest that such clients presenting with UTI symptoms at our study
site should be managed based on microbiological analysis, including antibiotic susceptibility testing results, rather than
just on clinical grounds and empirical treatment.
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