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Abstract
Background Klebsiella species are opportunistic bacteria responsible for different infections such as pneumonia, urinary tract infections (UTI) and
septicemia in nosocomial and community environments. Beta-lactam drugs are used extensively to treat patients with Klebsiella infections. But today,
most Klebsiella species are resistance to third- and fourth-generation cephalosporins and monobactams.

Objectives To assess the prevalence, antibiotic susceptibility patterns including ESBL production and associated risk factors of Klebsiella species
among UTI suspected patients attended at Bahir Dar town health institutions, Northwest Ethiopia.

Methods Institutional based cross-sectional study was conducted at Bahir Dar town health institutions from January to May 2019. A simple random
sampling technique was used to enroll 384 study participants. Midstream urine samples were collected and inoculated onto Cystine–lactose–
electrolyte-de�cient and MacConkey agars. Identi�cation was carried out by using biochemical tests. Antimicrobial susceptibility patterns of the
isolates were determined by Disc-diffusion method. ESBL-producing Klebsiella species was detected by using combined and single antibiotic disks on
Mueller Hinton agar. A statistical analysis was done using SPSS version 20 statistical package. P-value < 0.05 was considered as statistically
signi�cant with 95% con�dence interval.

Result Out of 385 study subjects, prevalence of Klebsiella species was 38(9.9%), of them 25(65.8%) were Klebsiella pneumonia, 4(10.5%) K. oxytoca,
6(15.8%) K. ozaenae and 3(7.9%) K. rhinoscleromatis species. Moreover; 22(57.9%) of isolates were from female participants. A multi-variable logistic
regression analysis showed that pervious antibiotic use, history of hospitalization and habit of tight dressing were statistically signi�cant for getting
UTI 2.618 (AOR = 2.618, 95% CI = 1.18–6.129), 5.873 (AOR = 5.873, 95% CI = 2.355–14.6) and 15.038 (AOR = 15.038, 95% CI = 1.7–139) times more at
risk respectively.

Conclusions The overall prevalence of UTI was lower than the previous studies conducted in Ethiopia. High ESBL producing Klebsiella species was
detected. Pervious antibiotic use, history of hospitalization and habit of tight closing were signi�cant risk factors for UTI. This result calls up for
improving of the prevention and control system of Klebsiella species.

Background
The Genus Klebsiella, names after Edwin Klebs a 19th century German scientist, is a member of the family Enterobacteriaceae. Non-motile, aerobic,
facultative anaerobic, rod shaped, gram negative and capsulated is a unique feature to Klebsiella species. The capsule covers the entire cell outer
layers, accounts for the large appearance of the organism on gram stain, and provides resistance against many host defense mechanisms (1). Of the
genus Klebsiella, commonly isolated species are K. pneumoniae and Klebsiella oxytoca. Klebsiella species cause urinary tract infection mostly caused
by K. pneumoniae (1, 2). The pathogenic success of K. pneumoniae in causing urinary tract infections can be attributed to its ability to form bio�lms,
particularly on indwelling medical devices (3).

Urinary tract infection is the microbial invasion of any tissues of the urinary system and is a common medical problem with an unpredictable natural
history. Even though many urinary infections resolve spontaneously, some others can progress to destroy the kidney (4). The incidence of UTI is greatly
in�uenced by age, sex and predisposing factors that impair the normal defense mechanism, maintaining the sterility of the normal urinary tract.
Females are more prone to suffer from UTI because of short urethra and have in close proximity of the anus and urethral trauma during intercourse (5,
6 &8). Moreover; anatomic and hormonal changes during pregnancy can cause UTI that may lead to serious complications in both the mother and
fetus (8, 10, &11).

UTIs remain common among outdoor and indoor patients and pose a serious challenge to antimicrobial therapy. Antibiotics are usually given
empirically before the laboratory results of urine culture are available. Globally; it has been estimated that more than 6 million out patient’s visits and
300,000 hospital stays every year are due to UTI. Approximately 10% will have urinary tract infections at some time during their lives (7). UTI is one of
the most common bacterial infections of which Klebsiella pneumoniae is one cause of epidemic and endemic hospital associated UTI (9 &10).

Antibiotic resistance is an increasing global problem that leads to signi�cant challenges and costs in the health care system. The resistance level of
pathogens against commonly used antibiotics of uncomplicated UTI has signi�cantly increased in recent years. Recognition of this fact has led to an
international re-evaluation of therapeutic recommendations for uncomplicated UTIs (11). Due to the rapidly evolving adaptive strategies of bacteria,
antibiotic resistance pro�le of bacterial uropathogens have changed considerably over the past years, both in community and nosocomial infections.
Apparent shift in the etiological agents of UTI and associated problem of antibiotic resistance among bacterial uropathogens from time to time and
from one institution to another have initiated health institution to carry out continuous evaluation of UTI from the view point of their spectrum and drug
susceptibility testing (12).

Since Klebsiella. Spp are able to develop cross resistance to many of the commonly used antibiotics including cephalosporin and aminoglycosides,
patients suffering from such infections are enforced to visit health institutions frequently may be due to treatment failure (10).

Accurate identi�cation of bacterial uropathogens and determining their drug susceptibility pattern are critical for e�cient management of patients with
UTI. They are also associated with signi�cant clinical and �nancial bene�ts, via the reduction of mortality rates and overall hospitalization costs (12).
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Antibiotic resistance in urinary pathogens is increasing worldwide and varies according to geographic locates and is directly proportional to misuse of
antibiotics. Understanding the rate of drug resistance to the commonly cause of UTI is critically important to determine the empirical therapy (5).

Antimicrobial resistance (AMR) is a signi�cant concern in developing nations due to mutations, gaining new genetic material, contact to cells with new
genetic material and use of antimicrobial agents as growth supporters in animal feeds destined for human feeding contribute to increase multidrug
resistance. But, misuse, over-use of antimicrobial agents, widespread availability of substandard drugs, and poor infection control measures are a
current situation worldwide (14).

 The scarcity of reliable and timely information, particularly in sub-Saharan Africa, may further limit epidemiological surveillance and effective
stewardship efforts. Antimicrobial resistance with clinical isolates of K. pneumoniae has become progressively more serious problem over the past 20
years and there are several examples of rapid global spreading of novel mechanisms of resistance, such as ESBL producing K .pneumoniae,   K.
pneumoniae carbapenemase (KPC) and the New Delhimetallo-beta-lactamase (NDM) (13). So, this study was intended to determine the prevalence,
antibiogram, ESBL production patterns and its associated risk factors of Klebsiella species isolated from urinary tract infection suspected patients.

Methods

Study area, design and period
An institutional based cross-sectional study was conducted to determine the prevalence, antibiogram, ESBL production patterns and its associated risk
factors of Klebsiella species isolated from UTI suspected patients attended at FelegeHiwot referral Hospital, Gammby private general Hospital and
Bahir dar health center from January to March 2019.

Source population
The Source population was all population who were attended in Bair-dar town health institution during the study period. The study population was all
UTI suspected patients seeking medical service in the selected health institutions during the study period.

Sample size determination and sampling techniques
The sample size was calculated using a single population proportion formula based on the assumption of 5% expected margins of error, and
considering 95% con�dence. The �nal sample size became 385.

A simple random sampling method was employed to select two hospitals and one health center.  All UTI patients who were attended before one month
of the study period in the selected health institutions were found to be 395 and the estimated number of patients during the data collection period,
from January to March 2019, was calculate as 1185. Therefore the 385 study participants were allocated proportionally as 278 for Felege-Hiwot
referral Hospital, 83 for Gammby private general Hospital, and 24 for Bahir-dar health center.

Data collection and Laboratory processing
Structured questionnaires were administered to collect the socio-demographic variables (age, sex, marital status, education level, occupation, and
residence), potential risk factors for infection and other relevant clinical data (history of catheterization, history of UTI, history of previous
hospitalization and history of antibiotic use). To ensure the reliability of information, all the questionnaires were administered by native Amharic
speakers and were checked for completeness and consistency every day.

After giving an orientation on sample collection processes, sterilized urine cap was given to the patient or patient guardian to collect urine sample and
was transported to the laboratory unit for examination.

The collected midstream urine specimens were inoculated onto Cystine–lactose–electrolyte-de�cient and MacConkey agars. Identi�cation of the
species were carried out by using biochemical tests and their antimicrobial susceptibility patterns were determined by disc-diffusion method. Also,
ESBL-producing Klebsiella species were detected by using combined and single antibiotic disks on Mueller Hinton agar.

Culture and Identi�cation
Each urine sample was inoculated onto Cystine–lactose–electrolyte-de�cient (CLUDE) agar and incubated at 370C for 24 hrs. The counted colonies
yielded bacterial growth of 105/ml urine was considered as signi�cant for positive bacteriuria. Pure colony was transferred to MacConkey agar and
incubated at 370C for further 24 hrs. The sample that form pink colony in MacConkey agar showed positive for lactose fermenter and was considered
as Gram negative bacteria. Finally, a series of biochemical tests namely; triple sugar iron agar, indole, Simon’s citrate, urea, and motility were performed
on pink colonies from MacConkey agar for �nal identi�cation of the isolates.
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Antimicrobial Susceptibility Testing (DST)
A suspension of pure colony from each con�rmed culture isolate was inoculated in sterile normal saline and incubated at 370C for 30 minutes. The
suspension was adjusted at 0.5% McFarland standard (32&33). A sterile cotton applicator stick was used for uniform distribution of the suspension on
Muller Hinton agar (Oxoid Ltd. England). Then Modi�ed Kirby-Bauer disk diffusion technique was implemented for antibiotic susceptibility pattern
using different antibiotics such as ampicillin (10µg), amoxicillin/clavulanic acid (20µg), cipro�oxacin (5µg), gentamycin (10µg), cotrimoxazole (25µg),
chloramphenicol (30µg), nitrofurantoin (300µg), meropenem (10µg), ceftazidime (30µg), cefotaxime (30µg) and cefoxitin (30µg). After incubation at
370C for 24hrs, the zones of inhibition were measured by a calliper. Finally the results were measured, recorded and classi�ed as susceptible,
intermediate and resistant using clinical and laboratory standards institute (CLSI) 2018 performance standards for antimicrobial susceptibility testing
interpretation (26).

Extended Spectrum β-Lactamase Detection
The screening for ESBL were done by using ceftazidime (≤22 mm) or cefotaxime (≤27 mm). The organisms that showed zone of inhibition lower than
the minimum for any of the above antibiotic disc were considered as ESBL positive. The phenotypic con�rmations were done by testing the isolated
bacterial species against ceftazidime (30μg) and ceftazidime-clavulanic acid combination (30/10μg/discs). In these tests, an overnight culture
suspension of the bacterial isolate was adjusted to 0.5% McFarland’s standard. Lawn culture were done on the Mueller-Hinton Agar (MHA) plate. The
ceftazidime and ceftazidime-clavulanic acid discs were placed at 20mm apart on the agar surface. After incubating at 370C for 24 hours, a ≥5mm
increase in the zone diameter in comparison to ceftazidime were taken as indicative for ESBL positive/producer. Escherichia coli ATCC 25922 was
used as an ESBL-negative and Klebsiella pneumoniae 700603 was used as an ESBL-positive reference strain (28).

Data management and quality assurance
The questionnaire was pre-tested before the actual study undertook to make sure that whether the questionnaire was appropriate and understandable
on UTI suspected patients for the actual study area. The questionnaire was prepared in English and translated to Amharic then translated back to
English to check the accuracy of the translation. 

Sterility of cotton swabs, test tubes and petri-dishes were maintained by autoclaving at 1210C for 15 minutes. Moreover, contaminations were avoided
by using proper aseptic techniques such as; wearing clean laboratory coats, gloves and washing hands. MacConkey agar (Oxoid Ltd. England), Muller
Hinton agar (Oxoid Ltd. England) and different biochemical test (Oxoid Ltd. England) were incubated aerobically at 350C for 24hrs to cheek the sterility
of the prepared culture media. Moreover, known strains of Klebsiella pneumonia (700603) was inoculated in to MacConkey agar (Oxoid Ltd. England)
biochemical test (Oxoid Ltd. England) and Muller Hinton agar (Oxoid Ltd. England) as a positive control for ESBL production. Escherichia coli (ATCC
25922) strain was used as ESBL negative control. Laboratory identi�cation procedures like inoculation of culture media, colony characterization and
measuring of antibiotic susceptibility testing were checked by an experienced microbiologist.

Data entry and analysis
Data was entered and coded in Epi data and was exported and analyzed using SPSS version 20 statistical package. The characteristics of the study
population were summarized using frequencies, mean and standard deviation. Binary logistic regression was done to determine the association of
variables with Klebsiella species and Crude odds ratio was calculated. Moreover, adjusted odds ratio was computed using multivariate logistic
regression for variables with p value < 0.2. P-value < 0.05 was considered as statistically signi�cant at 95% con�dence interval. Finally, the �ndings of
the study were presented in tables and �gures.

Ethical considerations
This study was ethically approved by Ethical Review Committee of School of biomedical and laboratory sciences, University of Gondar. Moreover; legal
permission was obtained from Felege-Hiwot referral Hospital, Gammby private general Hospital and Bahir-dar health center of higher management
prior to data collection. Written assent and consent were taken from each participant after they understood the purpose of the study. All the subject’s
data were kept in full con�dentiality and was not be disclosed to an unauthorized person.

Results

Socio-demographic characteristics
A total of 385 clinically UTI suspected patients were included in the study; of these, 205 (53.2%) were females and majority of the study participants
(37.9%) were in the age groups of 16-30 with participants median age of 32 years. Moreover; 60.8% of the participants were   from urban and 24.4%
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were illiterate (Table 1).

Prevalence of Klebsiella species
Out of the 385 study subjects, the overall prevalence of Klebsiella species was 38(9.9%) of which 25(65.8%) Klebsiella pneumonia, 4(10.5%) Klebsiella
oxytoca, 6(15.8%) Klebsiella ozaenae and 3(7.9%) Klebsiella rhinoscleromatis species were isolated moreover; 22(57.9%) of the total isolates were
from female participants. The frequency distribution of Klebsiella species among health institutions were 25, 8, 5 in Felege-Hiwot referral hospital,
Gammby private general hospital and Bahir-dar health center, respectively (�gure1).

A multi-variable logistic regression analysis showed that pervious antibiotic use, history of hospitalization and habit of tight dressing were statistically
signi�cant for getting UTI at 2.618 (AOR = 2.618, 95% CI: 1.18-6.129), 5.873 (AOR = 5.873, 95% CI: 2.355-14.6) and 15.038 (AOR = 15.038, 95% CI: 1.7-
139) times more risk respectively. 

 

 

 

 

 

Table 1: Socio-demographic characteristics of UTI suspected patients attended at selected Bahir-dar town health institutions, Ethiopia, 2019

Demographic characteristics Categories Number of participants (N) Percentage (%)  

 

Gender Male 180 46.8  

Female 205 53.2  

Age group

 

<5 20 5.2  

6-15 44 11.4  

16-30 146 37.9  

31-45 116 30.12  

46-60 53 14.3  

>60 24 6.2  

Level of education

(educational status)

Illiterate 94 24.4  

Primary school 86 23.3  

Secondary school 107 27.8  

College and university 98 25.5  

Health facility Felege Hiwot 278 72.2  

Gammby 87 22.6  

Bahir dar health center 20 5.2  

Residency Urban 234 60.8  

Rural 151 39.2  

Occupational status Merchant 29 7.5  

Housewife 112 29.1  

Civil 102 26.5  

Farmer 71 18.4  

Others 71 18.4  
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Figure 1:  Prevalence of Klebsiella species among UTI suspected patients attended at selected Bahir-dar town health institutions, Ethiopia, 2019.

Antimicrobial Susceptibility of Klebsiella species
Klebsiella pneumoniae isolates showed that 20(80%), 19(76%), 19(76%) were resistance to amoxicillin/clavulanic acid, ampicillin and cotrimoxazole
respectively. However, were sensitive to 22(88%) meropenem, 18(72%) chloramphenicol, 17(68%) ceftazidime and 16(64%) cipro�oxacin.  

Klebsiella ozonae showed that 6(100%), 5(83.3%), and 5(83.3%) were resistance to ampicillin, amoxicillin/clavulanic acid, and cotrimoxazole
respectively. However; 5(83.3%) was sensitive to cefotaxime, gentamycin, chloramphenicol, and nitrofurantoin. Moreover; it was 100% sensitive to
meropenem.

Klebsiella Oxytoca was 4(100%) resistance to ampicillin however was 4(100%) sensitive to meropenem. Moreover; 75% of the isolates were sensitive to
Gentamycin, amoxicillin/clavulanic acid, cipro�oxacin, ceftazidime, chloramphenicol and nitrofurantoin.

Klebsiella rhinoscleromatis was 3(100%) sensitive to cefoxitin and cefotaxime moreover; 66.7% of the isolates were sensitive to gentamycin,
chloramphenicol, ceftazidime, meropenem, cipro�oxacin, nitrofurantoin. However, 66.7% were resistance to ampicillin, amoxicillin/clavulanic acid and
cotrimoxazole (table 2)

Table 2: Antimicrobial susceptibility patterns of Klebsiella species isolated from UTI suspected patients attended at selected Bahir-dar town health
institutions, Ethiopia, 2019

Klebsiella
.Isolates

Sensitivity AMP GEN AMC CXT CTX CIP MER COT CAZ CHL NIT

K. pneumoniae
(n=25)

S 6

(24)

11

(44)

1

(4)

15

(60)

15

(60)

16

(64)

22

(88)

5

(20)

17

(68)

18

(72)

13

(52)

I 0 6

(24)

4

(16)

3

(12)

4

(16)

4

(16)

1

(4)

1

(4.)

3

(12)

4

(16)

5

(20)

R 19

(76)

8

(32)

20

(80)

7

(28)

6

(24)

5

(20)

2

(8)

19

(76)

5

(20)

3

(12)

7

(28)

K. ozonae (n=6) S 0 5(83.3) 1(16.7) 5(83.3) 4(66.7) 4(66.7) 6(100) 1(16.7) 5(83.3) 5(83.3) 5(83.3)

I 0 0 0 00 00 1(16.7) 0 0 00 0 0

R 6(100) 1(16.7) 5(83.3) 1(16.7) 2(33.3) 1(16.7) 0 5(83.3) 1(16.7) 1(16.7) 1(16.7)

K. Oxytoca (n=4) S 0 3(75) 3(75) 2(50) 3(75) 3(75) 4(100) 0 3(75) 3(75) 3(75)

I 0 1(25) 0 1(25) 1(25) 1(25) 0 2(50) 0 0 0

R 4(100) 0 1(25) 1(25) 0 0 0 2(50) 1(25) 1(25) 1(25)

K.
rhinoscleromatis
(n=3)

S 1(33.3 2(66.7) 1(33.3) 3(100) 3(100) 2(66.7) 2(66.7) 1(33.3) 2(66.7) 2(66.7) 2(66.7)

I 0 0 0 0 0 0 0 0 0 0 0

R 2

(66.7)

1

(33.3)

2

(66.7)

0 0 1

(33.3)

1

(33.3)

2

(66.7)

33.3 1

(33.3)

1

(33.3)

AMP=Ampicillin; GEN=Gentamycin; AMC=Augmentin; CXT=Cefoxitin; CTX=Cefotaxime; CIP=Cipro�oxacin; MER=Meropenem; COT=Cotrimoxazole;
CAZ= Ceftazidime; CHL=Chloramphenicol; NIT=Nitrofurantoin; S= Sensitive; I= Intermediate; R; Resistant

Multi drug resistance pattern
Overall 26(68%) Klebsiella species showed multi-drug resistance to at least three antimicrobial drugs of which 15(57.7%) of Klebsiella pneumonia,
5(19.3%) of Klebsiella ozonea, 3(11.5%) of Klebsiella oxytoca and 3(11.5%) of Klebsiella rhinoscleromatis were found to be multi-drug resistance (table
3).
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Table 3: Multi-drug resistance pro�le of Klebsiella species isolated from UTI suspected patients attended at selected Bahir-dar town health institutions,
Ethiopia, 2019.

Antimicrobial pattern                        Bacterial isolate Total

K.pneumoniae (n=25) K.ozonae

(n=6)

K. Rhinoscleromatis

(n=3)

K. oxytoca

(n=4)

AMP,AMC,COT 5 3 2   10

AMP,AMC,CTX   1   1 2

AMP,AMC, CHL       1 1

AMP, AMC, COT, NIT       1 1

AMP, AMC,COT, CHL 1       1

AMP, AMC,COT,CIP   1     1

AMP,GEN,AMC, COT 3       3

CIP,NIT, GEN, MER,CHL     1   1

AMP,AMC, CTX, CIP,COT 2       2

AMP,AMC,CTX,COT,NIT, 1       1

AMP,GEN,AUG,CTX,CIP,COT,NIT 1       1

AMP,NIT,GEN, AUG, CTX,

CIP,MER, COT, CAZ, CHL,

2       2

Total 15/25 5/6 3/3 3/4 26/38

AMP=Ampicillin; GEN=Gentamycin; AMC=Augmentin; CXT=Cefoxitin; CTX=Cefotaxime; CIP=Cipro�oxacin; MER=Meropenem; COT=Cotrimoxazole;
CAZ= Ceftazidime; CHL=Chloramphenicol; NIT=Nitrofurantoin; S= Sensitive; I= Intermediate; R; Resistant.

 

Extended spectrum production patterns of isolated Klebsiella species
Among the total Klebsiella species, 10(26.3%) isolates were ESBL producer. Based on CLSI guideline, 38 isolates were checked for the con�rmation of
ESBL production by combined disk diffusion method. All ESBL producing species were Klebsiella pneumonia in which 5(50%), 3(30%) and 2(20%)
isolates were found in the age group of 16-30, 46-60 and 6-15 years moreover 6(60%) were from female participants.  ESBL producing Klebsiella
pneumoniae showed, ampicillin (100%), amoxycillin/clavulanic (100%), TMP-SMX (100%), cipro�oxacin (50%), gentamycin (40%), nitrofurantoin
(50%), cefoxitin (40%), cefotaxime (50%), ceftazidime (50%) and 2/10(20%) resistance to meropenem and chloramphenicol. Among ESBL producing
Klebsiella pneumonia isolates, 1(10%) species was sensitive, 3(30%) intermediate and the remaining 6(60%) were resistance to cefotaxime. However;
3(30%) were sensitive, 2(20%) intermediate and 5(50%) resistance to ceftazidime (table 4).

Table 4: The associations of ESBL patterns with cefotaxime and ceftazidime antibiotics among Klebsiella species isolated from UTI suspected
patients attended at selected Bahir-dar town health institutions, Ethiopia, 2019.

Organism Drug ESBL status Sensitive Intermediate Resistance Total

Klebsiella pneumoniae Cefotaxime Positive 1 3 6 10

Negative 14 1 0 15

Ceftazidime Positive 3 2 5 10

Negative 14 1 0 15

Associated risk factor
A multi-variable logistic regression analysis was done to evaluate the associated risk factors for UTI and the result showed that those study
participants who had previously use of antibiotic were 2.618 times (AOR = 2.618, 95% CI: 1.18-6.129) more likely to have UTI as compared to their
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counter parts. Similarly, Patients who had history of previous hospitalization had 5.873 times (AOR = 5.873, 95% CI: 2.355-14.6) and habit of wearing
tight dresses had 15.038 times (AOR = 15.038, 95% CI: 1.7-39) more likely to acquire UTI.

 

 

 

Table 5:  Predictors of urinary tract infections among UTI suspected patients attended at selected Bahir-dar town health institutions, Ethiopia, 2019
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Variables

 

Culture Result COR

(95% CI)

P -
value

AOR

 (95% CI)

P
value

Culture
positive

N (%)

Culture
negative

N (%)

Sex Male 16 (8.9) 164 (91.1) 0.812   (0.412-
1.598)

0.546. - -

Female 22  (10.7) 183 (91.1) 1 - - -

Age group <5 2  (10) 18 (80) 1 - - -

6-15 7  (16) 37  (82) 1.800  (0.294-
11.031)

0.525 - -

16-30 10 (6.84) 136  (93.15) 1.057  (0.276-
4.052)

0.935 - -

31-45 7 (7.2) 89  (92.8) 2.720  (779-
9.503)

0.117 - -

46-60 8 (14.5) 47 (85.5) 2.543 0.166 - -

>60 4  (16.7 20 (83,3) 1.175 0.809 - -

Health facility Felege Hiwot referral
hospital

25 (9) 253 (91) 1 - - -

Gammby private General
Hospital

8(9.2) 79(9.8) 3.373

(1.132-10.057)

0.029    

Bahirdar Health

Center

5 (33.3) 15(72.7) 3.292(.947-
11.446)

0.061    

Residence Urban 21 (8.97)     213  
(91.3)

0.777(.396-
1.526)

0.464 - -

Ruler 17 (11.2) 134 (88.8) 1 - - -

Educational status Illiterate 13 (13.8) 81(86.2) 1      

Primary 16 (18.6) 70 (81.4) 0.702(.316-
1.561)

0.386   0.084

Secondary 4 (3.9) 103 (96.1) 4.133 (1.928-
13.155)

0.016   0.211

College & above 5 (5.1) 93(6.9) 2.985 (1.020-
8.734)

0.046   0.067

 

Occupational status Merchant 3 (10.3) 26 (89.7) 1 - - -

Housewife 13 (11.6) 99 (88.4) 0.800 (0.188-
3.440

0.764 - -

Governmental 5 (4.9) 97 (95.1) 0.703 (.254-
1.943)

0.497 - -

Farmer 11 (15.5) 60 (84.5) 1.791 (.525-
6.113)

0.352 - -

Others 6 (8.5) 65 (91.5) 0.503 (.175-
1.446)

0.202 - -

Previous history of 
antibiotic use

Yes 28 (16.9) 138 (83.1) 4.24 (1.996-9.008 0.000 2.618

(1.18-6.129)

0.027

No 10 (4.6) 209 (96.4) 1 - - -

Previous hospitalization Yes 16 (37.2) 27(62.8) 8.620 (4.054-
18.3)

0.000 5.873

(2.355-14.6)

0.000

No 22 (6.4) 320 (93.6) 1 - - -

Patient treated department OPD 29 (8.3) 322 (91.7) 0.250 (.107-.586) 0.001    

IPD 9 (26.5) 25 (73.3) 1 - - -
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Previous history of UTI Yes 17

(19.1)

72(80.9) 3.092 (1.551-
6.165)

0.001    

No 21

(7.1)

275(92.9) 1 - - -

Catheteriz-ation  history Yes 2

(33.3)

4(66.7) 4.764 (.843-
26.919)

0.077    

No 36

(9.5)

343(90.5) 1 - - -

Tight closing Yes 4

(66.7)

2(33.3)   20.294

 (3.585-144.88)

0.001 15.038(1.7-
139)

0.015

No 34(9) 345(90) 1 - - -

 

Discussion
This study was conducted to determine the prevalence, antimicrobial susceptibility, ESBL producing patterns and associated factors of Klebsiella
species among clinically suspected UTI patients, of which, 85 (22.4.7%) were culture positive. Among these, Klebsiella species accounted 38(9.9%).
Moreover; K. pneumoniae 29.6% (25/85), K. ozaenae 6.9% (6/85), K. oxytoca 4.6% (4/86) and K. rhinoscleromatis 3 (3.5%) were isolated.

In the present study, the distribution of Klebsiella species was higher in female 22(57.9%) than male 16(42.1%). This result is in line with a study done
in Pakistan 50% in older women and up to 40% in older men (12).

In the current study, the overall prevalence of Klebsiella species was 38(9.9%) which is higher than the study conducted in Nepal (3.8%) (21), India
(4.3% and 6.3%) (15, 16), Uganda (6%) (25), Addis Ababa, Yikatit 12 hospital (4.4%) (29), kathmandu, Nepal (2.29%) (20) and Nigeria (8%) (22).
However, it was lower than a study conducted in Greek (16%) (19). This variation might be due to difference in target population, specimen’s quality
and bacteriological techniques. 

The current �nding also showed that K. pneumoniae 25(65.7%) was higher than a study done in Saudi Arabia (21.5% and 23.5%) (17 &18), Nigeria
(7%) (24), Yemen (10%) (23), Uganda (11.6%) (25), Addis Ababa (7%) (27), Dessie referral hospital (5.88%) (29), Gondar (15.8%) (30) and Bahirdar
(13.6%) (31). these difference might be due to type and quality of specimen collection, processing procedure and population difference.

Klebsiella species harboring ESBLs have caused numerous outbreaks of infections and now are signi�cant problem in hospitalized patients
throughout the world leading to an increasing therapeutic problem.

The current study showed high level of amoxicillin, amoxicillin/clavulanic acid, and cotrimoxazole resistance. One of the reasons for development of
these resistance might be the occurrence of ESBL in these species 10/25(40%).

This �nding was in agreement with the study reported from Ilam 39.4%, Tehran 50.7% and Tabriz 45.8%.  However lower than the previous study
reported from India (58.7%) (13).

The current �nding pointed out that meropenem was the most effective antibiotics against ESBL-producing and non ESBL producing Klebsiella
species as it showed sensitivity of 80 and 100% in  ESBL producers and non ESBL producers Klebsiella isolates respectively. This was in agreement
with a study conducted in India, meropenem (65.7%) sensitivity (28).

Among the predictor variables for Klebsiella species prevalence for UTI’s, pervious antibiotic use, history of hospitalization and tight closing habit were
signi�cant risk factors for UTI. On the present study the participant’s previous history of antibiotic use was signi�cant risk factor to develop UTI by
Klebsiella species with odds ratio (2.618), con�dence interval at 95% (1.18-6.129) and p-value of 0.027. Additionally, the predictor variables of previous
hospitalization were showed signi�cant statistical association with  odds ratio (5.873), con�dence intervals at 95% (2.355-14.6) and p-value of (0.000)
the present �ndings were supported by previous study reported from India where previous antibiotics usage was noted as a risk factor for acquisition
of an ESBL-producing organism (34).

Conclusion
Klebsiella species were prevalent in varying magnitude among UTI suspected patients in bahir- dar town health institutions. The prevalence of ESBL
producing Klebsiella species was higher as compared to previous studies leading to development of multidrug resistance. ESBL producing patterns of
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Klebsiella pneumoniae was higher than other Klebsiella species. Moreover; empirically use of broad-spectrum antibiotic, history of hospitalization and
tight dressing had signi�cant association for infection.

To prevent ESBL producing Klebsiella species infections and development of multidrug resistance, continuous evaluation of antibiotic resistant pattern
including a more detailed molecular characterization and encouraging good antibiotic prescribing and dispensing practice should be targeted.
Moreover; the government should follow and control proper use of antibiotic in all governmental and private health institutions.

 

Abbreviations
AMR- Antimicrobial Resistance, ATCC- American Type Culture Collection, CDC- Center for Disease Control and Prevention, CLED- Cystine–lactose–
electrolyte-de�cient agar or medium, CLSI- Clinical Laboratory Standard Institute, CAUTI-   Catheter Associated Urinary Tract Infection ESBL- Extended
Spectrum Beta-Lactamase, HAIs- Hospital Acquired Infections, HAUTI- Hospital Associated Urinary Tract Infection, KPC- Carbapenemase producing
Klebsiella. Pneumoniae, LTCF- Long Term Care facility, NDM - New Delhimetallo-beta-lactamase, MHA- Muller Hinton Agar, SOPs- Standard Operative
Procedures, SPSS -Statistical Package for Social Sciences, and UTI - Urinary Tract Infection

Declarations

Acknowledgements
 We would like to thank all participants of this research, staff of Felege-Hiwot referral Hospital, Gammby private general Hospital, Bahir dar health
center, University of Gondar, College of Medicine and Health Sciences, School of Biomedical and Laboratory Science, Department of Medical
Microbiology, for their contribution in the maturation and the success of this research.

Availability of data and materials
All data generated or analyzed during this study are included in this article. Data that support the �ndings of this study are also available from the
corresponding author upon reasonable request.

Authors’ contributions
AA: Research idea, data collection, analysis, interpretation, manuscript writes up and review. TE: Conception of research idea, study design, data
collection, analysis and interpretation, manuscript writes up and reviews.  MG: data collection, qualitative and quantitative data analysis. All authors
read and approved the �nal manuscript.

Ethics approval and consent to participate
 Ethical clearance was obtained from the University of Gondar ethical review committee. legal permission was obtained from Felege Hiwot referral
hospital, Gammby private general Hospital and Bahir dar health center of higher management prior to data collection.

Consent for publication
Not applicable.

Competing interests
The Authors declare that they don’t have competing interests

Funding         
There was no funding of the research.                                             

References
1. Murray PR. Murray Medical microbiology. 7th edition ed. CHINA Elsevier Inc.; 2013. 1023 p.



Page 12/13

2. Petersson-Wolfe CS, Mullarky IK, Currin JF. Klebsiella spp.: A Practical Summary for Controlling Mastitis. 2011:1-2.

3. Chung PY. The emerging problems of Klebsiella pneumoniae infections: carbapenem resistance and bio�lm formation. FEMS microbiology letters.
2016; 363(20):1-6.

4. Behzadi P, Behzadi E, Yazdanbod H, Aghapour R, Cheshmeh MA, Omran DS. A survey on urinary tract infections associated with the three most
common uropathogenic bacteria. Journal of Clinical Medicine. 2010; 5(2):111-5.

5. Jazayeri Moghadas A, Irajian G. Asymptomatic urinary tract infection in pregnant women. Iranian Journal of Pathology. 2009; 4(3):105-8.

�. Getachew T. Bacterial pathogens implicated in causing urinary tract infection (UTI) and their antimicrobial susceptibility pattern in Ethiopia.
Revista CENIC Ciencias Biológicas. 2010; 41:1-6.

7. Stamm WE. Scientific and clinical challenges in the management of urinary tract infections. Am J Med 2002; 113: 1S–4S.

�. Sharma M, Pathak S, Srivastava P. Prevalence and antibiogram of Extended Spectrum β-Lactamase (ESBL) producing Gram negative bacilli and
further molecular characterization of ESBL producing Escherichia coli and Klebsiella spp. JCDR. 2013; 7(10):2173-7.

9. Control CfD, Prevention. Urinary tract infection (UTI) event for long-term care facilities. 2015. p. 1-14.

10. Nickel C, Bellou A, Conroy S. Geriatric Emergency Medicine: Springer; 2018.

11. Control CfD, Prevention. Facility guidance for control of carbapenem-resistant Enterobacteriaceae (CRE)—November 2015 update CRE toolkit.
Atlanta (GA): United States Department of Health and Human Services. 2015:1-24.

12. Petrino R, Tua A, Salvi F. Urinary Tract Infections in Older Patients. Geriatric Emergency Medicine: Springer; 2018. p. 235-46.

13. Azar S, Ebadi A. Examining the Pattern of Susceptibility and Antibiotic Resistance in Klebsiella Pneumoniae Strains Isolated from Urine Samples
of Children with Urinary Tract Infections from the Children's Hospital of Tabriz in 2015. Br Biomed Bull. 2017; 5(3):1-3.

14. Kumar ar, kalpana S. Prevalence and antimicrobial susceptibility pattern of Escherichia coli causing urinary tract infection. Int J Pharm Bio Sci.
2013; 4(4):927-36.

15. R SA, A U. Prevalence of Klebsiella Bacteriuria and Antimicrobial Susceptibility in a Tertiary Care Hospital, Tiruchirapalli, India. International
Journal of Pharmaceutical and Clinical Research. 2016; 8(6):538-42.

1�. Nerurkar A, Solanky P, Naik SS. Bacterial pathogens in urinary tract infection and antibiotic susceptibility pattern. Journal of Pharmaceutical and
Biomedical Sciences© (JPBMS). 2012; 21(12):1-3.

17. Al-Mijalli S. Bacterial uropathogens in urinary tract infection and antibiotic susceptibility pattern in Riyadh Hospital, Saudi Arabia. Cell Mol Med.
2017; 3(1).

1�. Al Yousef SA, Younis S, Farrag E, Moussa HS, Bayoumi FS, Ali AM. Clinical and laboratory pro�le of urinary tract infections associated with
extended spectrum β-lactamase producing Escherichia coli and Klebsiella pneumoniae. Annals of Clinical & Laboratory Science. 2016; 46(4):393-
400.

19. Ahmed E, Bugti S, Shaikh AA, Ejaz M, Javed S. Isolation and Drug Sensitivity of Extended Spectrum Beta Lactamase (ESBL) Uropathogens.
Journal of Rawalpindi Medical College. 2015; 19(2):155-8.

20. Chander A, Shrestha CD. Prevalence of extended spectrum beta lactamase producing Escherichia coli and Klebsiella pneumoniae urinary isolates
in a tertiary care hospital in Kathmandu, Nepal. BMC Research notes. 2013; 6(1):487.

21. Shakya P, Shrestha D, Maharjan E, Sharma VK, Paudyal R. ESBL Production Among E. coli and Klebsiella spp. Causing Urinary Tract Infection: A
Hospital Based Study. Open Microbiol J. 2017; 11: 23-30.

22. Alo M, Saidu A, Ugah U, Alhassan M. Prevalence and antbiogram of bacterial isolates causing urinary tract infections at federal teaching hospital
Abakaliki I (FETHA I). British Microbiol Res J. 2015;8(2):403-17.

23. Sumairi H, Alzubiery T, Alharazi T. Community and Hospital-Acquired UTI Pathogens: Prevalence and Susceptibility Pattern in Sana'a City, Yemen:
The Last Bullet.2018.

24. Sule H, Kumurya AS. The Prevalence of Klebsiella Species Causing Urinary Tract Infections in Murtala Muhammad Specialist Hospital, Kano,
Nigeria. American Journal of Biomedical and Life Sciences. 2016; 4(2):11-5.

25. Odoki M, Almustapha Aliero A, Tibyangye J, Nyabayo Maniga J, Wampande E, Drago Kato C, et al. Prevalence of Bacterial Urinary Tract Infections
and Associated Factors among Patients Attending Hospitals in Bushenyi District, Uganda. International journal of microbiology. 2019; 2019.

2�. Wayne P. Clinical and laboratory standards institute. Performance standards for antimicrobial susceptibility testing. 2007; 17.

27. Bitew A, Molalign T, Chanie M. Species distribution and antibiotic susceptibility pro�le of bacterial uropathogens among patients complaining
urinary tract infections. BMC infectious diseases. 2017; 17(1):654.

2�. Varghese A, George S, Gopalakrishnan R, Mathew A. antibiotic susceptibility pattern of klebsiella pneumoniae isolated from cases of urinary tract
infection in a tertiary care setup. J Evolution Med Dent Sci. 2016; 5(29):1470-4.

29. Agalu A, Argaw-Denboba A, Mekonnen A. Prevalence and antibiotic resistance pattern of urinary tract bacterial infections in Dessie area, North-
East Ethiopia, 2014. 687 p.

30. Eshetie S, et al. Multidrug resistant and carbapenemase producing Enterobacteriaceae among patients with urinary tract infection at referral
Hospital, Northwest Ethiopia. Antimicrobial resistance and infection control. 2015; 4(1):12.



Page 13/13

31. Derbie A, et al. Pro�le of uropathogens isolated at bahir dar regional health research laboratory centre, northwest ethiopia. Pan African medical
journal. 2017;26(134):1-6.

32. Singh RE et al. ESBL production: Resistance pattern in Escherichia coli and Klebsiella pneumoniae, a study by DDST method. IJABPT.
2011;2(4):415-22.

33. Manikandan C, Amsath A. Antibiotic susceptibility pattern of Klebsiella pneumoniae isolated from urine samples. Int J Curr Microbiol App Sci.
2013;2(8):330-7.

34. Rawat D, Nair D. Extended-spectrum beta-lactamases in Gram Negative Bacteria. J Glob Infect Dis. 2010;2(3):263-74.

Figures

Figure 1

Prevalence of Klebsiella species among UTI suspected patients attended at selected Bahir-dar town health institutions, Ethiopia, 2019.


