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Abstract

Background

The spread of Extended-Spectrum beta (β)-Lactamases (ESBL)-producing Enterobacteria-

ceae has become a serious global problem. ESBL-producing Enterobacteriaceae vary

based on differences in antibiotic use, nature of patients and hospital settings. This study

was aimed at determining ESBL and antibiogram in Enterobacteriaceae isolates from clini-

cal and drinking water sources in Bahir Dar City, Northwest Ethiopia.

Methods

Enterobacteriaceae species were isolated from clinical materials and tap water using stan-

dard culturing procedures from September 2013 to March 2015. ESBL-producing-Entero-

bacteriaceae were detected using double-disk method by E-test Cefotaxim/cefotaxim+

clavulanic acid and Ceftazidime/ceftazidime+ clavulanic acid (BioMerieux SA, France) on

Mueller Hinton agar (Oxoid, UK).

Results

Overall, 274 Enterobacteriaceae were isolated. Of these, 210 (44%) were from patients and

64 (17.1%) were from drinking water. The median age of the patients was 28 years. Urinary

tract infection and blood stream infection accounted for 60% and 21.9% of Enterobacteria-

ceae isolates, respectively. Klebsiella pneumoniae was isolated from 9 (75%) of neonatal

sepsis. The overall prevalence of ESBL-producing Enterobacteriaceae in clinical and drink-

ing water samples were 57.6% and 9.4%, respectively. The predominant ESBL-producers

were K. pneumoniae 34 (69.4%) and Escherichia coli 71 (58.2%). Statistically significant

associations were noted between ESBL-producing and non- producing Enterobacteriaceae

with regard to age of patients, infected body sites and patient settings (P = 0.001). ESBL-

producing Enterobacteriaceae showed higher levels of resistance against chloramphenicol,

ciprofloxacin and cotrimoxazole than non-ESBL producers (P = 0.001)
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Conclusions

ESBL-producing Enterobacteriaceae coupled with high levels of other antimicrobials

become a major concern for treatment of patients with invasive infections such as blood

stream infections, neonatal sepsis and urinary tract infections. ESBL-producing Enterobac-

teriaceae were also detected in drinking water sources.

Introduction

Extended spectrum β-lactamases (ESBLs) are group of enzymes produced by certain bacteria

that degrade broad-spectrum β-lactam antibiotics such as third generation cephalosporins,

penicillins and monobactams [1]. ESBLs are often plasmid mediated thereby responsible for

rapid transmission of ESBL encoding genes among bacteria. β-lactam antibiotics are widely

used for the treatment of pneumonia, urinary tract and bloodstream infections. For instance, a

study in Ethiopia stated that amplicillin and ceftriaxone were frequently prescribed in surgi-

cal-patients [2].

Enterobacteriaceae includes bacterial species causing infections in the central nervous sys-

tem, lower respiratory tract, bloodstream, wound and urinary tract sites. ESBL-producing

Enterobacteriaceae have been recognized as major multidrug resistant bacteria causing serious

infections in hospital acquired and community infections worldwide [3–5].

Several studies showed that the prevalence of ESBL producing Enterobacteriaceae varies

with respect to geographical difference, countries, type of hospital settings, nature of patients

and antimicrobial prescription patterns [6–9]. In Uganda, 62% of Enterobacteriaceae from

clinical isolates were ESBL producer [10]. A study conducted in Gondar, Ethiopia reported

that 100% of Enterobacteriaceae from urinary tract infections were ESBL producers [11].

However, other studies in different parts of Ethiopia reported that 36% of E. coli and 33.3% of

Klebsiella spp., were ESBL producers [12, 13].

ESBL-Enterobacteriaceae have been detected in different ecological niches in the commu-

nity and the environment. For instance, ESBL and New Delhi Metallo bata-lactamase 1

(NDM-1) were detected in retail meat and drinking water, respectively [6, 7]. In Bangladesh,

50% E. coli from river water produce ESBL [14].

The prevailing data on ESBL-producing Enterobacteriaceae has paramount importance for

proper treatment of patients. Furthermore, detection of ESBL-producing Enterobacteriaceae

from water sources is also important to understand the transmission of ESBL-producing

Enterobacteriaceae into human.

Currently, in Ethiopia there is no regular drug resistance surveillance program. Thus, little

is known on ESBL-producing Enterobacteriaceae from clinical and drinking water samples.

This study was therefore conducted to determine the prevalence of ESBL-producing Entero-

bacteriaceae in clinical isolates at Felege Hiwot Referral Hospital and water isolates from

drinking water sources where the referral hospital is situated (Bahir Dar city), Northwest Ethi-

opia. Antimicrobial resistance levels of Enterobacteriaceae against commonly prescribed anti-

microbials were also determined.

Materials and Methods

A cross-sectional study was conducted from September 2013 to March 2015. The laboratory

investigation was carried out at Bahir Dar Regional Health Research Laboratory Centre which
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provides state- of-the-art laboratory services to Felege Hiwot Referral Hospital, nearby health

centres, private hospitals and clinics in Bahir Dar city, the capital of Amhara Region, Ethiopia.

Study population

Inpatients and outpatients with clinical diagnosis of bacterial infection from Felege Hiwot

Referral Hospital, nearby health centres and private hospitals participated in the study.

Sample size and sampling. The sample size for total isolates of Enterobacteriaceae was

determined using Epi info version 3.5.1 (public domain software http://www.cdc.gov) consid-

ering 95% confidence level, marginal error (5%) and prevalence of 36% ESBL in E. coli [12].

The sample size was estimated to be 274 Enterobacteriaceae isolates from clinical and water

samples. Purposive consecutive sampling method was used to include patients until the

required sample size was fulfilled. Patients who were under antimicrobial treatment for dura-

tion of two weeks were excluded from the study.

Data collection. According to the standard operational procedures for microbial sample

collection methods [15], the following specimens were collected: blood, urine, pus, ear dis-

charges, wound swab from surgical site infections and cerebrospinal fluid (CSF). During speci-

men collection, data such as sex, age, duration of hospital stay and hospital settings were

collected using a structured questionnaires.

Water sample collection

Water samples were collected from household private taps in Bahir Dar City. A total of 280 pri-

vate tap water samples were collected. A simple random sampling technique using house num-

bers was used to select water sampling points (private tap water) at households. According to

the WHO guideline 200millilitre water samples were collected using sterile glass bottles in the

morning [16]. The samples were quickly transported, using a cold chain box to the Microbiol-

ogy Laboratory at Bahir Dar Regional Health Research Laboratory Center. Water samples

were analyzed within 6 hours of collection.

Isolation of Enterobacteriaceae. From each specimen, samples were inoculated onto

MacConkey agar, Xylose lysine deoxycholate (XLD) agar, Cystine lactose electrolyte deficient

agar (CLED), sheep blood agar, and chocolate agar (Oxoid, UK). The plates were incubated at

37˚C aerobically for 24 hours [15].

For blood culture, blood samples were aseptically inoculated to Tryptic Soy Broth (Oxoid

UK) in 1:5–1:10 proportions and incubated at 37˚C. Overnight incubated culture bottles were

sub- cultured onto sheep blood, chocolate and MacConkey agar. Culture tubes with negative

results were examined for growth daily until fifth day and subsequently subculture when

growth was observed. Species of Enterobacteriaceae were identified from pure culture colo-

nies, based on cellular morphologies and biochemical tests as per the standards of microbiol-

ogy procedure [15].

Isolation and identification of Enterobacteriaceae species from water samples was done

using multiple tube fermentation method [15, 17]. Phenotypic bacterial identification of

Enterobacteriaceae species was made manually using the following culture media: Urea 40%

broth, Simmons citrate agar, sulphide in dole motility medium, Triple Sugar Iron Agar and

Klingler Iron Agar and Oxidase test reagents (Oxoid, UK) [17].

Detection of ESBL-producing Enterobacteriaceae

Detection of phenotypic ESBL-producing Enterobacteriaceae was performed using Double

Disc Synregy Test using E-test Cefotaxim/cefotaxim+ clavulanic acid and Ceftazidime/

ceftazidime+ clavulanic acid (BioMerieux SA, France) on Mueller Hinton agar (Oxoid, UK).
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According to the manufacturer’s instructions, ESBL-producing Enterobacteriaceae were con-

firmed by minimum inhibitory concentration (MIC) ratio of CT/CTL or TZ/TZL. Therefore,

where CT� 0.5 and CT/CTL� 8 or TZ� 1and TZ/TZL� 8, it was interpreted as ESBL posi-

tive. Furthermore, the presence of a phantom zone or ellipse deformation of the CT or TZ due

to mutation was/is deemed ESBL positive [18].

Definition. Prevalence of Extended-Spectrum beta (β)-Lactamases (ESBL) in Enterobac-

teriaceae was defined as this formula:

Prevalence of ESBL �
Number of ESBL � producing Enterobacteriaceae

Total Enterobacteriaceae isolates
� 100

Antimicrobial susceptibility testing. Antimicrobial susceptibility testing was performed

by Kirby-Bauer’s disk diffusion method on Mueller Hinton agar (Oxoid, UK). Antimicrobials

tested were ciprofloxacin (5μg), trimethoprim /sulphamethoxazole (1.25/23.75μg), ceftriaxone

(30μg), and chloramphenicol (30 μg). Susceptibility and resistance were determined according

to the guidelines of the Clinical and Laboratory Standards Institute (CLSI) [18].

Quality control. Standard strain (E. coli ATCC 25922™) was used to check for E-test for

phenotypic ESBL tastings. Moreover, E. coli (ATCC 25922) and P. aeruginosa (ATCC 27853)

were used to check the potency of antimicrobial discs and to control drug susceptibility testing

procedures.

Ethics considerations. The Research Ethics Review Committee of the College of Medicine

and Health Sciences of Bahir Dar University has approved the ethical clearance. Written con-

sent was obtained from each study participants to provide clinical specimen for diagnosis and

research purpose. For children and minors, written consent was obtained from parents and

guardian. The Amhara Regional State Health Bureau provided permission to collect drinking

water sample from Bahir Dar City. Therefore, the institutional research ethics review committee

of the Amhara Regional State Health Bureau, Research and Technology Transfer Core Process

approved ethical clearance to do microbial analyse on drinking water samples. Furthermore,

each household gave informed consent to allow tap water samples for microbial analysis.

Data analysis. Data were analyzed using Statistical package for Social Sciences version 20

Software (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk,

NY: IBM Corp). The Chi-square test was employed to compare the association of categorical

variables. P-value of less than 0.05 was considered as statistically significant.

Results

Patient characteristics

Overall, 477 patients took part in this study. Enterobacteriaceae were isolated from 210 (44%)

patients). Among 210 patients with Enterobacteriaceae infections, the majority were females

(65.7%). The median age of the patients was 28 years. Children under 5 years of age accounted

for 58 (27.62%) of the cases and 12 (20.7%) were neonates less than 28 days old. Among Enter-

obacteriaceae isolates, 34.3% were from inpatients. The majority of the Enterobacteriaceae

were isolated from urinary tract and blood stream infections (Table 1).

As shown in Table 1, E. coli was the most commonly isolated organism (58.1%), followed

by K. pneumoniae (23.3%). An important observation in this study is that 44.8% of K. pneumo-
niae was isolated from children under 5 years of age. Of these, K. pneumoniae accounted for 9

(75%) neonatal sepsis. Enterobacteriaceae species were isolated from 48 drinking tap water

samples (17.1%). A total of 48 E. coli and six K. pneumoniae were isolated in 280 drinking tap

water samples.
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ESBL-producing Enterobacteriaceae

Table 2 depicts that the overall prevalence of ESBL-producing Enterobacteriaceae in clinical

and drinking water samples. The prevalence of ESBL-producing Enterobacteriaceae in clinical

and drinking water samples were 57.6% and 9.4%, respectively. K. pneumoniae and E. coli were

the major ESBL-producer Enterobacteriaceae species in clinical samples.

Table 3 compares the ESBL-producing Enterobacteriaceae with patient characteristics. Sta-

tistically significant association was noted between ESBL-producing and non-ESBL Enterobac-

teriaceae with anatomically infected sites (P = 0.001). For instance, from blood and open

wound swabs, 84.8% and 72.7% of isolates were ESBL-producer, respectively. Furthermore,

statistically significant associations was observed between ESBL-producer and non-ESBL

Enterobacteriaceae in regard to age and patient settings (P = 0.001). However, there were no

significant association between ESBL-producers and non-ESBL producer and gender of

patients and duration of hospital stay.

Antibiogram levels

Table 4 shows the antimicrobial resistance profiles of ESBL-producing and non-producing

Enterobacteriaceae against commonly prescribed antimicrobials. Overall, ESBL-producing

Table 1. Characteristic of patients with Enterobacteriaceaee isolates, N (%).

Variables E. coli K. pneumoniae P. mirabilis E. cloacae Citrobacter spp.

Sex

Female (n = 128) 78 (61.0) 28 (21.9) 18 (14.1) 2 (1.6) 2 (1.6)

Male (n = 82) 44 (53.6) 21 (25.6) 11(13.4) 6 (7.3) -

Age (years)

0< 5 (n = 58) 24 (41.4) 26 (44.8) 4 (6.9) 2 (3.4) 2 (3.4)

6–20 (n = 20) 14 (70) - 5 (25) 1 (5) -

� 21 (n = 132) 84 (63.6) 23 (17.4) 20 (15.20 5 (3.8) -

Patient settings

Inpatients (n = 72) 32 (44.4) 33 (45.8) 2 (2.7) 3 (4.1) 2 (1.4)

Outpatients (n = 138) 90 (65.2) 16 (11.6) 27 (19.5) 5 (3.6)

Clinical samples

Urine (n = 126) 84 (66.6) 21(16.6) 17 (13.5) 4 (3.2) -

Blood (n = 46) 15 (32.6) 26 (56.5) - 3 (6.5) 2 (4.3)

Open wounds (n = 22) 17 (77.2) - 4 (18.2) 1 (4.5) -

Ear discharge (n = 8) - - 8 (100) - -

CSF (n = 8) 6 (75) 2 (25) - - -

Total 122 (58.1) 49 (23.3) 29 (13.8) 8 (3.8) 2 (0.9)

doi:10.1371/journal.pone.0166519.t001

Table 2. Prevalence of ESBL-producing Enterobacteriaceae species in clinical and water samples.

Enterobacteriaceae species Prevalence of ESBL

Clinical isolates Water isolates

E. coli 71/122 (58.2) 2/48 (4.2)

K. pneumoniae 34/49 (69.4) 2/6 (33.3)

P. mirabilis 6/29 (20.7) 0/6 (00

E. cloacae 7/8 (87.5) 2/4 (50)

Citrobacter spp. 2/2 (100) -

Total ESBL producer 121/210 (57.1) 6/64 (9.4)

doi:10.1371/journal.pone.0166519.t002
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Enterobacteriaceae showed higher levels of resistance against chloramphenicol, ciprofloxacin

and cotrimoxazole than non-ESBL producers (P = 0.001). Enterobacteriaceae species from

clinical sample revealed 70% and 47.1% of resistance to cotrimoxazole and ciprofloxacin,

respectively. All E. cloacae revealed resistance to chloramphenicol, ciprofloxacin and

Table 3. Association of ESBL-producing Enterobacteriaceae with patients’ characteristics.

Patients characteristics ESBL- producer N (%) Non- ESBL- producer N (%) P value

Sex

Female 74 (57.8) 54 (42.2) 0.318

Male 46 (56.1) 36 (43.9)

Age (years)

0–5 43 (79.6) 11 (20.4) 0.001

6–20 8 (50) 8 (50)

� 21 61 (49.1) 63 (50.9)

Patient settings

Inpatients 58 (80.5) 14 (19.5) 0.001

Outpatients 62 (44.9) 76 (50.1)

Clinical sample

Urine 58 (46) 52 (54) 0.001

Blood 39 (84.8) 7 (15.2)

Others# 24 (63.1) 14 (36.9)

Hospital stay

2–5 days (n = 40) 32 (80) 8 (20) 0.44

� 6 days (n = 34) 30 (88.2) 4 (11.8)

Total 120 (57.1) 90 (42.9)

Key:
# include clinical samples from ear discharge, open wound and cerebrospinal fluids (CSF).

doi:10.1371/journal.pone.0166519.t003

Table 4. Comparison of antibiogram profiles of clinical and water isolates; and ESBL-producing and

non-producing Enterobacteriaceae.

Enterobacteriacaea species Chloramphenicol Ciprofloxacin Cotrimoxazole

R S R S R S

Clinical isolates

E. coli (n = 122) 61 (50) 55 (45.1) 49 (40) 74 (60) 82 (67.2) 40 (32.8)

K. pneumoniae (n = 49) 25 (51) 24 (49) 28 (57) 21 (43) 30 (61) 19 (39)

P. mirabilis (n = 29) 13 (44.8) 16 (55.2) 10 (34.4) 20 (65.6) 18 (62) 11 (38)

E. cloacae (n = 8) 8 (100) - 2 (100) - 8 (100) -

Citrobacter spp., (n = 2) 2 (100) - - - 2 (100) -

Overall (n = 210) 106 (50.4) 104 (49.6) 99 (47) 111 (53) 147 (70) 63 (30)

Water isolates

E. coli (n = 48) 20 (41.6) 28 (59.4) 3 (8.3) 45 (91.7) 23 (48) 25 (52)

K. pneumoniae (n = 6) 3 (50) 3 (50) 4 (66.6) 2 (33.4) 4 (66.6) 2 (33.4)

P. mirabilis (n = 6) - 6 (100) - 6 (100) - 6 (100)

E. cloacae (n = 4) - 4 (100) - 4 (100) - 4 (100)

Overall (n = 64) 23 (36) 41 (64) 7 (10.9) 57 (89.1) 27 (42.2) 37 (57.8)

ESBL-producer 78.1 28.2 57.8 42.2 81.3 18.7

Non-ESBL producer 31.7 68.3 19.5 80.5 48.8 51.2

P value 0.001 0.001 0.001

doi:10.1371/journal.pone.0166519.t004
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cotrimoxazole. Overall, high levels of resistance for Enterobacteriaceae were exhibited against

cotrimoxazole. E. cloacae from clinical samples revealed the highest levels of resistance.

Although, isolation rate of K. pneumoniae in drinking water is low, it revealed high levels of

resistance to chloramphenicol, ciprofloxacin and cotrimoxazole.

Discussion

In the present study, Enterobacteriaceae species were frequently isolated from urinary tract

and blood stream infections. K. pneumoniae accounted for 75% neonatal sepsis. Therefore,

prevailing data on ESBL-producing Enterobacteriaceae is essential for proper treatment of

invasive infections caused by Enterobacteriaceae species. This study demonstrated simulta-

neously the prevalence of ESBL-producing Enterobacteriaceae in clinical and drinking tap

water samples.

Overall, 57.6% of Enterobacteriaceae isolated from clinical samples were phenotypic ESBL-

producers. Likewise, 62% prevalence of ESBL in Enterobacteriaceae was detected in Uganda

[10]. However, a study in Ethiopia reported that all Enterobacteriaceae from urinary tract

infections were ESBL-positive [11]. In this study, majority of (75–85%) Enterobacteriaceae

from blood, CSF and wound isolates were ESBL producer. Therefore, ESBL-producing strains

of Enterobacteriaceae pose a big challenge in treatment of patients with invasive bacterial

infections.

Statistically significant association was noted between ESBL-producer and patients’ age

(P = 0.001). The prevalence of ESBL-producing Enterobacteriaceae in 0–5 years was 79.6%.

The reason for this might be due to the fact that K. pneumoniae was the most frequent (44.8%)

causes of infections in children under 5 years of age. However, comparatively low prevalence

of ESBL (40%) was reported in paediatric infection in Thailand [19]. Therefore, children

infected with Enterobacteriaceae species need a great emphasis prior to selection of antimicro-

bial therapy. Furthermore, patient settings and types of clinical samples had statistically

significant association with ESBL-producing Enterobacteriaceae (P = 0.001). For example,

Enterobacteriaceae isolates from inpatients were 80.5% ESBL-producer while 44.9% were from

outpatients. However, statistically significant association was not observed between duration

of hospitalization and ESBL-producing Enterobacteriaceae.

The prevalence of ESBL-producing K. pneumoniae and E. coli in this study was higher than

previous studies in Ethiopia. For instance, 33.3% ESBL positive in K. pneumoniae and 36% of

ESBL-positive in E. coli were reported in Ethiopia [12, 13]. Conversely, 100% ESBL-producers

were reported from urinary tract infection in Ethiopia [11]. These variations might be due to

difference in methods of ESBL detection and types of patients. Similarly, Kateregga et al.
(2015) reported 72.7% and 58.1% of ESBL positive in K. pneumoniae and E. coli, respectively in

Uganda [10]. Furthermore, 77.7% of ESBL-producing K. pneumoniae was reported in Iran

[20].

The present study detected ESBL-producing Enterobacteriaceae from drinking water

sources. Of these, K. pneumoniae was the most ESBL-producer. Spread of ESBL-producing

Enterobacteriaceae through drinking water into human gut pose a threat for empiric treatment

of invasive infections like urinary tract and blood stream infections. Studies conducted in dif-

ferent parts of Africa detected ESBL-producing Enterobacteriaceae. Studies from Nigeria and

Democratic Republic of Congo reported 7.14% and 5.3% prevalence of ESBL-producing

Enterobacteriaceae in drinking water sources, respectively [21, 22].

Escherichia coli from drinking water exhibited high level resistance to cotrimoxazole (48%)

and chloramphenicol (41.6%). Studies from India and Egypt reported that E. coli showed 53%

and 38.5% resistance to cotrimoxazole, respectively [23, 24]. This study therefore strengthens
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the great concern of multidrug- resistant bacteria dissemination through environmental

niches like water sources [25, 26].

ESBL-producing Enterobacteriaceae showed higher levels of resistance to chlorampheni-

col, ciprofloxacin and cotrimoxazole than non-ESBL producer (P = 0.001). Similarly, studies

stated that ESBL-producing Enterobacteriaceae showed high levels of resistance to other

antibiotics like cotrimoxazole and ciprofloxacin [26, 27]. Therefore, ESBL-producing strains

are multi-drug resistant bacteria thus pose challenging scenario for empirical therapy of

invasive infections.

The major limitation of the study was that ESBL detection was only performed phenotypi-

cally using Double Disk Synergy Testing by E-test method. The other limitation of this study

was that drinking water sources for detection of ESBL were collected from Bahir Dar city not

from the hospital pipelines. Therefore, it was difficult to associate ESBL-producing strains of

clinical isolates from hospital with that of drinking water sources.

Conclusions

This study demonstrated high prevalence of ESBL-producing Enterobacteriaceae in hospital-

ized and outpatients. K. pneumonia, E. coli and E. cloaeae were the major ESBL-producer.

Overall, ESBL-producing Enterobacteriaceae exhibited higher levels of resistance than non-

ESBL producer for chloramphenicol, ciprofloxacin and cotrimoxazole. The presences of phe-

notypic ESBL-producing Enterobacteriaceae were detected in drinking water. Screening for

ESBL in patients with invasive infections needs to be initiated in the hospital. We recommend

further studies on molecular epidemiology of ESBL producing Enterobacteriaceae and their

impacts on patients and health care in the area.
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