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Abstract

Background: Multidrug resistance (MDR), extended-spectrum beta-lactamase (ESBL) and carbapenemase-produc-
ing Gram-negative bacteria (GNB) has become a public health threat worldwide. This threat is worse in developing
countries where there is high infectious disease burden and spread of antimicrobial resistance co-exist. The aim of the
present study was, therefore, to assess MDR, ESBL and carbapenemase producing GNB from patients attending three
selected referral hospitals in Amhara region.

Methods: A cross-sectional study was conducted from December 2017- April 2018 at the University of Gondar
Comprehensive Specialized Hospital, Dessie Referral Hospital and Debre Markos Referral Hospital of Amhara national
regional state. A total of 833 study subjects were recruited using a convenient sampling technique. Clinical samples
such as blood, urine, stool, wound, abscess, ear discharge, nasal discharge, cervical discharge and body fluid speci-
mens were aseptically collected. Culturing for identification of bacteria and determination of drug susceptibility test-
ing were done following standard microbiological techniques. Selected MDR isolates were phenotypically assessed
for ESBL and carbapenemase production.

Results: Of the 833 clinical samples cultured for bacterial growth, 141 (16.9%) were positive for GNB. The most
common GNB identified were E. coli 46 (32.6%), Klebsiella spp. 38 (26.5%) and Proteus spp. 13 (9.2%). The overall MDR
prevalence was 121 (85.8%). Among the total isolates, 137 (97.2%) were resistant to ampicillin followed by cotrimoxa-
zole 115 (81.6%), amoxicillin-clavulanic acid 109 (77.3%), cefixime 99 (70.2%), cefepime 93 (66.0%) and tetracycline

91 (64.5%). The extended-spectrum beta-lactamase producing GNB were 69/124 (55.6%). Of which Klebsiella spp. 19
(15.3%) and E. coli 17 (13.7%) were common ESBL producers. Carbapenemase-producing isolates were 8/51(15.7%). Of
which Enterobacter, Klebsiella and E. coli were common carbapenemase producers.

Conclusion and recommendation: Multi-drug resistance and ESBL producing isolates in the present study were
high. E. coli and Klebsiella spp. were the most common ESBL producing GNB. Klebsiella spp., Enterobacter spp., E. coli
and Citrobacter spp. were typical carbapenemase-producing isolates. Continuous monitoring, antibiotic stewardship
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and molecular detection of the gene responsible for drug resistance are important means to reduce the spread of

drug-resistant pathogens.
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Introduction

The rapid increase and spread of multidrug resistance
(MDR) Gram-negative bacterial infections in hospitals
and community has become one of the world’s greatest
threats, due to the limited availability of alternative effec-
tive therapeutic options [1, 2]. The problem is even worse
in developing countries where a high infectious disease
burden and spread of antimicrobial resistance co-exists
[3]. As a result, antimicrobial resistance is estimated
to cause 700,000 deaths per year, a figure estimated to
increase to 10 million deaths per year by 2050, as cur-
rent therapies lose their effectiveness and antimicro-
bial-resistant infections spread [4]. The most commonly
used classes of antimicrobial agents, for the treatment of
infections caused by Gram-negative pathogens, include
the fluoroquinolones, cephalosporins, and B-lactam/p-
lactamase inhibitor combinations. Resistance to these
agents would compromise the efficacy of empiric treat-
ment of suspected Gram-negative infections [5].

The Beta-lactam antimicrobial agents are the most
important drug of choice for the treatment of bacte-
rial infections and remain to be the prominent source
of resistance to Gram-negative bacteria worldwide. The
persistent contact of bacterial strains to a multitude of
B-lactams has induced an energetic and constant pro-
duction and mutation of f-lactamases in these bacteria,
escalating their activity even against the newly developed
B-lactam antibiotics [6]. These enzymes are known as
extended-spectrum P-lactamases (ESBLs) [7]. An over-
all pooled estimate of 42% ESBL was reported in east
African hospitals [8]. Some reports from Ethiopia also
showed that, there is a high prevalence of multidrug-
resistant and ESBL-producing Gram-negative bacteria
exist [9, 10]. However, the prevalence of ESBL production
among clinical isolates varies from country to country
and from institution to institution [6].

Carbapenem antibiotics are effective against multid-
rug-resistant Gram-negative bacteria, particularly those
producing extended-spectrum [-lactamase, as well as a
broad range of Gram-positive bacteria. However, their
usefulness is threatened by the emergence and spread of
bacteria that produce carbapenemase [11].

Carbapenemase-producing ~ Gram-negative  bac-
teria under the family Enterobacteriaceae are
resistant to nearly all available antibiotics and are of par-
ticular concern in health care settings [12]. The dissemi-
nation of some multidrug-resistant isolates including

carbapenemase producers occur rapidly. As a result,
continuous monitoring, coordinated surveillance and
control strategies at all levels of the health system should
be undertaken [13]. Local epidemiological data along
with local resistance patterns is fundamental for reduc-
ing mortality and morbidity of infections due to resistant
bacteria. However, there are no comprehensive regional
estimates of MDR, ESBL and carbapenemase-producing
Gram-negative bacteria from different clinical samples.
Therefore, the present study was aimed to determine the
prevalence of multidrug resistance, ESBL and carbapene-
mase-production among the clinical isolates in the three
referral hospitals of Amhara region, Ethiopia.

Materials and methods

Study design, period and area

A cross-sectional study was conducted from December
2017- April 2018 in the Amhara national regional state
of the three referral hospitals. These are: University of
Gondar Comprehensive Specialized Hospital (UGCSH),
which is located in Gondar, 750 km northwest of Addis
Ababa, and serves more than five million inhabitants
in the Amhara region; Dessie Referral Hospital (DRH)
which is a Zonal Hospital and serves three million people
in South Wollo Zone; and Debre Markos Referral Hospi-
tal (DMRH) is also a Zonal Hospital, and serves two mil-
lion people in East Gojjam Zone.

Study populations, sample size and sampling technique

The source population was patients who were attending
the University of Gondar Comprehensive Specialized
Hospital, Dessie Referral Hospital and Debre Markos
Referral Hospital seeking treatment during the study
period. The study populations were all patients suspected
of having bloodstream, UTI, wound and other infections.
Patients who were on antibiotics treatment within the
last two weeks before visiting the hospitals were excluded
from the study. We have estimated the sample size using
a single population proportion formula considering the
previous study, P=78.57% [14]; and a 5% margin of error.
Therefore, considering a 5% non-response rate, the mini-
mum sample size of the 3 referral hospitals together was
815. As a result, samples were collected from 833 patients
by using convenient sampling technique. Written con-
sents were obtained from study participants/ assents
from parents or guardians. Patient’s sociodemographic
characteristics were taken and clinical samples such as
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blood, urine, stool, wound, abscess, ear discharge, nasal
discharge, cervical discharge and body fluid specimens
were aseptically collected.

Sample collection, processing and bacterial identification
Blood samples of 10 ml from adults, 5 ml from pediat-
rics age group and 2 ml from neonates were aseptically
collected by using 70% alcohol and 2% iodine tincture
(2 bottles for each patient at the different time points).
The blood samples were inoculated simultaneously in
tryptic soya broth (OXOID UK) and incubated immedi-
ately aerobically at 37°C for five days and were checked
for turbidity, hemolysis and clot formation daily. Bottles
which showed signs of growth were further processed
by Gram stain and sub-cultured on to blood agar, choco-
late agar and MacConkey agar. The chocolate agar plates
were incubated in a carbon dioxide atmosphere for up to
48 h, and the blood agar and MacConkey agar plates were
incubated aerobically overnight. Those blood culture bot-
tles which did not show growth were continuously moni-
tored for the potential growth of pathogens for five days
and if no growth was observed after five days, the blood
culture was reported as negative [15].

Mid-stream urine samples were collected using a ster-
ile test tube and inoculated on to Cysteine Lactose Elec-
trolyte Deficient agar (CLED) using a calibrated loop
(1.3 mm diameter, deliveringl pL) and incubated over-
night at 37 °C. The samples with significant bacteriuria
(>10° CFU/mL) were sub-cultured on to blood agar,
MacConkey and Chocolate agar. Bacteria from other
clinical samples such as stool, wound and other body flu-
ids were processed following standard procedures [15].

Identification of Gram-negative bacteria was done
using colony characteristics, Gram reaction and different
biochemical tests such as, triple sugar iron agar, indole,
motility, urease production, hydrogen sulphide produc-
tion, citrate utilization, and lysine decarboxylase tests
[15].

Antibiotic susceptibility testing

Following identification of bacterial isolates, modified
Kirby-Bauer disk diffusion method was done on Muller-
Hinton agar according to the Clinical and Laboratory
Standard Institute (CLSI) guide line [16]. About 3-5
pure colonies of young culture suspension was prepared
in equivalent to 0.5McFarland standards and plated. The
plates were allowed to dry for 3—5 min; antibiotic discs
were evenly distributed on the inoculated plate using
sterile forceps and incubated at 37 °C for 18-24 h. The
diameter of the zone of inhibition around the antibiotic
disc was measured using a ruler. Results were inter-
preted as Sensitive, Intermediate, and Resistance based
on CLSI 2017 guide-line. The antibiotic discs used
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were: ampicillin (AMP, 10 pg), amoxicillin-clavulanic
acid (AMC, 20/10 pg), cotrimoxazole (SXT, 25 ug), tet-
racycline (TET, 30 pg), ciprofloxacin (CIP, 5 pg), chlo-
ramphenicol (CHL, 30 pg), gentamycin (GEN, 10 pg),
cefepime (FEP, 30 pg), cefixime (CFM, 5 ug), ceftriax-
one (CRO, 30 pg), cefoxitin (FOX, 30 pg), and ceftazi-
dime (CAZ, 30 pg) (all from Abtek bio.Ltd UK) and were
selected following CLSI guide-line. Multi-drug resistance
patterns of the isolates were determined following the
criteria set by Magiorakos et al. [17].

Detection of extended-spectrum B-lactamase (ESBL)
Following antimicrobial susceptibility testing bacterial
isolates showing zones of inhibition diameters <22 mm
to ceftazidime [30 pg] or <27 mm to cefotaxime [30 ug]
were subjected to ESBL production test. Phenotypic
confirmation of ESBL production was done by using the
double-disk diffusion method; cefotaxime [30 pg] and
cefotaxime-clavulanic acid [30/10 pg] or ceftazidime
[30 pg] and ceftazidime clavulanic acid [30/10 pg] as pre-
viously described [10, 16].

Detection of carbapenemase producer bacteria
Carbapenemase-producing isolates of Gram-negative
bacteria were phenotypically investigated by Modified
Hodge Test (MHT). A 0.5 McFarland suspension of car-
bapenem susceptible strains of E. coli ATCC25922 was
used as a lawn culture over Mueller Hinton agar plates
and meropenem (10 pg) disc was placed at the centre of
the plates. With the help of sterile loop, pure colonies
of test strains were streaked on the plate from merope-
nem disk towards the edge. A positive control, K. pneu-
moniae ATCC1705 and negative control, K. pneumoniae
ATCC1706 were used in the same plate. Inoculated plates
were kept for 15 min at room temperature and incubated
at 37°C for 24 h. Observing a clover leaf like shape was
considered as positive for carbapenemase production
[10, 16].

Data analysis

Data were entered and analyzed using SPSS version 20.
Descriptive statistics were applied to see the distribu-
tion of sociodemographic variables. Frequency and per-
centages were computed using descriptive statistics. A
P-value less than 0.05 at a 95% confidence interval was
considered statistically significant.

Quality control

Five percent of questionnaires were pretested and
checked for completeness before the commencement
of the actual work. All the laboratory activities were
done as per standard operating procedures. The sterility
and the performance of the media were checked daily.
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To check the sterility, 5% of the prepared media were
incubated overnight at 37 °C for 24 h. E. coli (ATCC
25922), K. pneumoniae (ATCC1705) and K. pneumoniae
(ATCC1706) were used as quality control for identifica-
tion and antimicrobial susceptibility testing. The reli-
ability of the findings was guaranteed by implementing
quality control measures such as pre-analytical, analyti-
cal and post-analytical throughout the whole processes of
the laboratory work. Multi-drug resistance was consid-
ered as simultaneous resistance to 3 or more antibiotic
classes.

Results

A total of 833 patients were enrolled in the present
study. Of these 388 (46.6%) were females and 445
(53.4%) were males. Majority of the study participants
were age<5 years, 252(30.3%) followed by age group
16-30 years, 211(25.3%); 31-45 years, 150 (18.0%) and
the least age groups were age greater than 60 years, 39
(4.7%). Four hundred eighty-five (58.2%) were urban resi-
dence and 348(41.8%) were rural residence (Table 1).

Gram-negative bacterial profile in different clinical samples
A total of 833 clinical samples (blood, urine, wound dis-
charges, abscesses, body fluid and stool) were cultured
for bacterial growth, and 141 (16.9%) Gram-negative bac-
teria were identified. Culture positivity was higher in dis-
charges 31 (50.8%); followed by urine culture 66 (41.8%);
and abscess 33 (38.4%) (table not presented).

Majority of Gram-negative bacteria were isolated from
urine 45/141 (31.9%) followed by blood culture 39/141
(27.7%), wound and abscesses 17/141(12.1%) each, and
discharges 15/141 (10.6%). The most common isolates in
urine culture were E. coli 27/45(60%) followed by Kleb-
siella spp. 12/45 (26.7%), and Citrobacter spp. 4/45(8.9%).
The most common isolates in blood culture were E. coli
and Klebsiella spp. 11/39(28.2%) (each), and Enterobac-
ter spp. 8/39(20.5%). As Proteus spp was a common iso-
late in wound 6/17(35.3%); Klebsiella spp was common
in abscesses 8/17 (47.1%) and discharges (Eye, Ear and
Nasal) 5/15 (33.3%) each (Table 2).

Distribution of clinical isolates in the three referral
hospitals, Amhara region

The distribution of clinical isolates in the three refer-
ral hospitals demonstrate that 44% were from the Uni-
versity of Gondar Comprehensive Specialized Hospital,
36.9% were from Dessie Referral Hospital and 19.1% were
from Debre Markos Referral Hospital. The most com-
mon isolates at the University of Gondar Comprehensive
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Table 1 Sociodemographic characteristics of patients attending
the three Referral Hospitals of Amhara region, Ethiopia; 2017-
2018

Sociodemographic characteristics Frequency Percentage (%)
Sex
Male 388 46.6
Female 445 534
Age (years)
<5 252 303
6-15 107 12.8
16-30 21 253
31-45 150 18.0
46-60 74 89
>60 39 4.7
Residence
Urban 485 582
Rural 348 41.8
Educational status
llliterate 103 124
Primary 226 27.1
Secondary 128 154
Diploma and above 124 14.9
Children <5 years 252 303
Patient setting
OPDs 417 50.1
Wards 416 49.9
Occupation
Employed 117 14.0
Merchant 74 89
Housewife 81 9.7
Daily labourer 20 24
Farmer 56 6.7
Children <5 years 252 303
Others 233 280

Specialized Hospital was Klebsiella spp. 33.9% followed
by E. coli 22.6% and Citrobacter spp. 16.1%; in Dessie
Referral Hospital E. coli 53.8%, Klebsiella spp. 21.2% and
Proteus spp. 13.5%; in Debre Markos Referral Hospital
Enterobacter spp. 25.9%, Klebsiella spp. 22.2% and E. coli
14.8%. The overall distribution of the isolates in the three
referral hospitals were E. coli 32.6%, Klebsiella spp. 26.5%
and Proteus spp. 9.2% (Fig. 1).

Antibiotic resistance pattern
Among 141 isolates tested for different antibiotics,
137 (97.2%) were resistant to ampicillin followed by
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Table 2 Gram-negative bacterial profile in different clinical
samples from the three Referral Hospitals of Amhara region,
Ethiopia; 2017-2018

Clinical specimen Isolates Frequency Percentage
Blood Citrobacter spp 2 5.1
Enterobacter spp. 8 20.5
E. coli 1 282
Klebsiella spp. 11 282
P aeruginosa 2 5.1
Proteus sp. 1 26
Salmonella sp. 1 2.6
Providencia spp. 3 7.7
Total 39 100
Urine Citrobacter spp 4 8.9
E. coli 27 60.0
Klebsiella spp. 12 26.7
Proteus spp. 2 44
Total 45 100
Wound Citrobacter spp 3 17.7
Enterobacter spp. 2 11.8
E. coli 1 59
Klebsiella spp. 2 11.8
P aeruginosa 2 118
Proteus spp. 6 353
Providencia sp. 1 59
Total 17 100
Discharges Citrobacter spp. 2 133
Enterobacter sp. 1 6.7
E.coli 2 133
Klebsiella spp. 5 333
P aeruginosa 1 6.7
Proteus spp. 3 20.0
Moraxilla sp 1 6.7
Total 15 100
Abscesses Citrobacter sp 1 59
Enterobacter spp. 2 11.8
E. coli 2 118
Klebsiella spp. 8 47.1
P aeruginosa 1 59
Providencia spp. 2 118
Morganella sp. 1 59
Total 17 100
Body fluids E. coli 3 75
Proteus sp. 1 25
Total 4 100
Stool Salmonella spp. 2 50
Shigella spp. 2 50
Total 4 100
Total 141 100%
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cotrimoxazole 115 (81.6%), amoxicillin clavulanic acid
109 (77.3%), cefixime 99 (70.2%), cefepime 93 (66.0%) and
tetracycline 91 (64.5%). However, comparatively low rates
of resistance were observed for ciprofloxacin 55 (39.0%),
chloramphenicol 61 (43.3%) and cefoxitin 65 (46.1%)
(Table 3).

Multidrug resistant isolates

The MDR determination was carried out by considering
the classification of antibiotics in the following six anti-
biotic classes: penicillin and cephalosporin (beta-lactam
drugs); fluoroquinolones; sulphonamides; tetracyclines;
chloramphenicol; and aminoglycosides. The MDR iso-
lates across the three referral hospitals were 55, 46, 20
from UGCSH, DRH and DMRH, respectively and the
overall MDR prevalence was 121/141 (85.8%) (Table 4).
Accordingly, all isolates of P. aeruginosa and Providencia
spp. were MDR, 6 (100%) each, followed by Proteus spp.
12 (92.3%), Klebsiella spp. 34 (89.5%), E. coli 39 (84.8%),
Enterobacter spp. 11 (84.6%) and Citrobacter spp. 10
(83.3%) (Table 5).

ESBL and carbapenemase-producing isolates
Of 141 isolates, 124 isolates of Gram-negative bacte-
ria were tested phenotypically for ESBL production. Of
these, 59 were from the University of Gondar Compre-
hensive Specialized Hospital and 47 were from Dessie
Referral Hospital and 18 were from Debre Markos Refer-
ral Hospital; and 25.8%, 19.4%, 10.5% were ESBL positive
respectively. The most common ESBL producing isolates
at the University of Gondar Comprehensive Specialized
Hospital was Klebsiella spp. 9.7% and E. coli 5.7%, at Des-
sie Referral Hospital, E. coli 10 (8.1%) and Klebsiella spp.
5 (4%) and at Debre Markos Referral Hospital Enterobac-
ter spp. 5 (4.0%) were isolated. Of the total isolates the
most common ESBL producing isolates were Klebsiella
spp- 19 (15.3%) and E. coli 17 (13.7%). The overall preva-
lence of ESBL producing GNB was 69 (55.6%) (Table 6).
Among 124 isolates tested for ESBL; 51 MDR isolates
were further checked for carbapenemase production. Of
these isolates, proportionally 24 isolates were selected
from the University of Gondar Comprehensive Special-
ized Hospital, 19 from Dessie Referral Hospital and 8
from Debre Markos Referral Hospital. Of these isolates
5.9%, 2.0% and 7.8% were positive for carbapenemase
respectively. Enterobacter, Klebsiella and E. coli were
reported positive for MHT. The overall prevalence of car-
bapenemase producing GNB was 8 (15.7%) (Table 6).
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Figure 1 Distribution of bacterial isolates from the three Referral Hospitals of Amhara region, Ethiopia; 2017-2018. (UGCSH University of Gondar
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Discussion
The overall prevalence of Gram-negative bacteria iso-
lated from various clinical samples (blood, urine, wound
discharges, abscesses, body fluid and stool) from patients
attending the three referral hospitals was 16.9%. This is
similar in studies from Mexico, where 19.1% of the iso-
lates were Gram-negative bacteria [18], and Nepal, 17%
[19]. However, it is lower than a study from Bahir Dar /
Ethiopia, 34.8% [10]. The most common isolates in the
three Referral Hospitals were E. coli, 32.6% and Kleb-
siella spp., 26.5%. This agrees with results of a Saudi
Arabian study that revealed the same results in which,
E. coli, 69.8% and K. pneumoniae, 17.2% were the most
frequently isolated Gram-negative bacteria [20]. Another
study from Ethiopia, reported that the most common iso-
lates were K. pneumoniae, 52.4% and E. coli, 12.4% [10],
which is in congruent with findings of the current study.
But a study in Iran showed that the most frequently iso-
lated bacteria were Enterobacter aerogenes, 50.6% fol-
lowed by E. coli, 16.7% and Pseudomonas aeruginosa,
7.5% [21]. The sources and numbers of the clinical sam-
ples collected, type of infections, patient types or wards
at which the samples obtained, and geographical differ-
ences used in each study may explain the observed vari-
ations among the overall prevalence and occurrences of
Gram-negative bacteria.

Regarding antimicrobial resistance rate of GNB a
high resistance rate was observed to the commonly pre-
scribed antimicrobials, except for ciprofloxacin and

chloramphenicol to which the isolates exhibited below
50% resistant. This result is similar to reports from Iran,
where the resistant patterns of GNB to ciprofloxacin was
36% [21]. Similarly, a Mexican report showed that the
isolated GNB exhibited a high resistance rate for ampicil-
lin (95.85%), cefuroxime (84.17%), piperacillin (82.93%),
cefotaxime (78.07%), ceftriaxone (77.41%), aztreonam
(75.23%), cefazolin (75.00%), and ceftazidime (73.19%)
[18]. In a study from Nepal, E. coli was found to be most
sensitive to cephalosporins and tetracycline and most
resistant to quinolones, fluroquinolones and sulphona-
mides [22]. These high rates of antimicrobial resistance
observed in our setting, alarms the stakeholders to have
more surveillance and control of the use of antimicrobi-
als to combat infections.

The overall prevalence of MDR GNB in this study
was 85.8% (95% CI:80.04%, 91.5%) which is marginally
in line with a study conducted at Bahir Dar/Ethiopia
where the MDR GNB was 80% [10]. A study from Nepal
also revealed that MDR GNB was 82.5% [19]. P aerugi-
nosa and Providencia spp. were 100% MDR GNB in the
present study; however, the most common MDR iso-
lates at Bahir Dar/Ethiopia were Klebsiella pneumoniae,
87.6% followed by E. aerogenes, 83.3%, E. coli, 82.6%,
E. cloacae, 77.8% [10]. A report from Mexico also
showed that the highest percentage of MDR profile was
observed in E, coli, 91.57%, and Acinetobacter bauman-
nii, 86.79% [18]. In Iran, MDR GNB were documented
in 25.8% of Acinetobacter spp., 20% of Klebsiella spp.,
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Table 4 Distribution of MDR isolates from the three Referral Hospitals of Amhara region, Ethiopia, 2017-2018

Isolates Study sites Total
UGCSH? DRH DMRH Non-MDR, N (%)  MDR, N (%)
Non- MDR, N (%) MDR,N (%) Non-MDRN (%) MDR,N (%) Non-MDR,N (%) MDR, N (%)
Klebsiella spp. 2(3.2) 19 (30.6) 1(1.9) 10(19.2) 1(3.7) 5(18.5) 4(10.5) 34 (89.5)
E. coli 2(32) 12(194) 4(7.7) 24 (46.2) 13.7) 3(11.1) 7(15.2) 39 (84.8)
Citrobacter spp. 2(3.2) 8(12.9) - 2(3.8) - - 2(16.7) 10 (83.3)
P aeruginosa - 3(4.8) - 1(1.9) - 2(74) - 6 (100)
Proteus spp. - 6(9.7) 1(1.9) 6(11.5) - - 1(7.7) 12 (92.3)
Enterobacter spp. 1 (1.6) 5(8.1) - - 1(3.7) 6(22.3) 2(154 11 (84.6)
Salmonellaspp. - - - 1(1.9 13.7) 1(3.7) 1(333) 2(66.7)
Providencia spp. - 2((3.2) - 1(1.9) - 3(11.1) - 6 (100)
Morganella spp. - - - 1(1.9) - - - 1(100)
Shigella spp. - - - - 2(74) - 2 (100) -
Moraxella sp. - - - - 13.7) - 1(100) -
Total 7(11.3) 55(88.7) 6(11.5) 46 (88.5) 7(25.9) 20(74.1) 20(14.2) 121(85.8)

@ UGCSH University of Gondar Comprehensive Specialized Hospital, DRH Dessie Referral Hospital, DMRH Debre Markos Referral Hospital.

and 16.6% of Pseudomonas spp. The most active anti-
microbials were vancomycin, 93.5% followed by amika-
cin, 71.5% and gentamicin, 46% [21], whereas relatively
active antibiotics in the present study were ciprofloxa-
cin, chloramphenicol, and cefoxitin. Relatively lower
resistance to cefoxitin in the current study is probably
associated with the lower clinical risk factors of the
study participants for cefoxitin resistance. For instance,
patients with none of the risk factors such as hospitali-
zation and antimicrobials usage within a month before
data collection, nursing home residency before admis-
sion, bladder surgical diversion or long-term catheteri-
zation are less likely to have cefoxitin resistance [23]. In
addition, cefoxitin has a parenteral route and thus not
as such accessible to the community in the study setting
unlike to other common antimicrobials which have an
oral route.

The global prevalence of ESBL producing Gram-
negative bacteria (GNB) varies, and the higher preva-
lence rates were from the developing continents such as
South America, Asia [24], and Africa [25]. The preva-
lence of ESBL found in this study was 55.6% which is
the same as from studies in Nepal, 55.6% (19); Ethio-
pia/Bahir Dar, 57.8%, [26], Cameroon, 55.3% [27]; and
India, 54.3% [28]. However, it is higher than studies
conducted in Jimma/Ethiopia, 36% [29]; and Gondar/
Ethiopia, 18.2% [30]; and Nigeria (20.9%) [31]; Pakistan
(44.3%) [32]; and Chad (47.7%) [33]. However, the cur-
rent result is lower than the studies from Bahir Dar/
Ethiopia 85.8% [10] and Jimma/Ethiopia, 63.4% (71/112)
[34]. The most common ESBL producing isolates were
E. coli 43.6% and Klebsiellaspp.55.9%. This is lower than

a study from Mexico, a majority of ESBL-producing iso-
lates was E. coli 83.13%, Klebsiella pneumoniae 78.84%
[18]; and from Nepal, E. coli 70.9% and Klebsiella spp.
59.4% were common ESBL producing isolates reported
[35]. A possible explanation of the observed variation
across various studies conducted globally could be the
types of patients involved in the study, for instance,
the study participants might be outpatients, inpatients,
intensive care unit (ICU) patients, patients with differ-
ent underlined diseases, and these characteristics of
patients in the hospitals allow for considerable factors
that lead to antimicrobial resistance. These factors may
include everyday use of broad-spectrum antimicrobial
drugs, use of invasive procedures and devices, patients
with a high frequency of comorbidity, and prolonged
hospital stays, among others [36].

Of the 51 isolates screened for carbapenemase produc-
tion by using the Modified Hodge Test (MHT), 8 (15.7%)
were positive. This is in line with the studies from Bahir
Dar/Ethiopia, 16.2% [10]. But it is higher than studies
from Ghana, 2.9% [37]; China, 1% [38]; and Germany,
1.2% [39]. However, the present result is lower than
reports from Sudan, 50% [40]; Uganda, 22.4% [41]; and
Yemen, 25.3% [42]. These observed variations may be due
to restricted use of antibiotics in those developed coun-
tries compared to the developing countries where most
drugs are available over the counter without prescription
by a clinician [43, 44]. For instance, the pooled estimate
of inappropriate antibiotic use in Ethiopia was 49.2%, and
the pooled proportion of self-antibiotic prescription was,
43.3% [43]. Other reasons for inappropriate use of anti-
biotics may include a wrong indication, wrong duration,
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Table 6 Distribution of ESBL and carbapenemase producing isolates from the three Referral Hospitals of Amhara region, Ethiopia;

2017-2018
Hospitals [solates ESBL N=124 (%) MHT N=51 (%)
Positive Negative Total Positive Negative Total
University of Gondar Comprehen- Klebsiella spp. 12(9.7) 8 (6.5) 20 (16.1) 2 (3.9) 11(21.6)
sive Specialized Hospital E.coli 7(6.7) 6(48) 13(105) - 7(137)
Citrobacter spp 4(3.2) 6 (4.8) 10(8.1) 1(2.0) 2(3.9 3(5.9)-
P aeruginosa 1(0.8) 2(1.6) 3(34) - - -
Proteus spp. 4(3.2) 1(0.8) 5(4.0) - 2(3.9) 2(3.9)
Enterobacter spp. 3(34) 3(34) 6 (4.8) - 1(2.0) 1.0
Providencia spp. 1(0.8) 1(0.8) 2(1.6) - - -
Total 32(25.8) 27 (21.8) 59 (47.6) 3(5.9) 21(41.2) 24.(41.0)
Dessie Referral Hospital Klebsiella spp. 5(4.0) 4(3.2) 9(7.3) - 3(5.9) 3(5.9)
E. coli 10 (8.1) 15(12.1) 25(20.2) 1(2.0) 10(19.6) 11(21.6)
Citrobacter spp 2(1.6) - 2(1.6) - 2(3.9) 2 (3.9
P aeruginosa - 0.8) 1(0.8) - - -
Proteus spp. 4(3.2) 3.4) 7 (5.6) - 3(5.9) 3(5.9)
Salmonella spp. 1(0.8) - 1(0.8) - - -
Morganella spp 1(0.8) - 1(0.8) - - -
Providencia spp. 1(0.8) - 1(0.8) - - -
Total 24 (19.4) 23(18.5) 47 (37.9) 1(2.0) 18 (35.3) 19(37.3)
Debre Markos Referral Hospital Klebsiella spp. 2(1.6) 4) 5(4.0) 1 1(2.0) 2(3.9)
E. coli - 1(0.8) - - -
P aeruginosa 2(1.6) - 2(1.6) - - -
Enterobacter spp. 5(4.0) 1(0.8) 6 (4.8) 3(5.9) 2(3.9) 5(9.8)
Salmonella spp. 1(0.8) - 1(0.8) -
Providencia spp. 3(34) - 3(34) - - -
Total 13(10.5) 5(4.0) 18 (14.5) 4(7.8) 4(7.8) 8(15.7)
Total 69 (55.6) 55 (44.4) 124 (100) 8(15.7) 43 (84.3) 51 (100)

improper route of administration, use of leftover antibi-
otics from a family member, and immature discontinua-
tion of antibiotics.

Conclusion and recommendation
Multidrug-resistance and ESBL producing isolates in the
present study were high. E. coli and Klebsiella spp. were
the most common ESBL producing GNB. Klebsiella spp.,
Enterobacter spp., E. coli and Citrobacter spp. were car-
bapenemase- producing isolates. Continuous monitor-
ing, antibiotic stewardship and molecular detection of
the gene responsible for drug resistance are important
means to reduce the spread of drug- resistant pathogens.

Abbreviations

MDR: Multidrug resistance; ESBL: Extended-spectrum beta-lactamase; CLSI:
Clinical and Laboratory Standard Institute; MHT: Modified Hodge Test; GNB:
Gram-negative bacteria.

Acknowledgements
The authors would like to thank Mr. Getachew Mengistu for data analysis
of MDR isolates. We also thank Aynalem Mohammed from Dessie Referral

Hospital and Abebaw Bitew from Debere Markos Referral Hospital for their
laboratory work and we also acknowledge the study participants.

Authors’ contributions

FM: conception of the research idea, study design, data collection, analysis
and interpretation, and the drafting of the manuscript; MG: Data collection
and laboratory work; MD: Supervision and data interpretation; AA: Data col-
lection and laboratory work; BS: Data collection and laboratory work; SE: study
design, data analysis and interpretation; WA: Data analysis and write up; YM:
Data analysis and write up; TF: Data collection and laboratory work; MT: Super-
vision of laboratory work, language edition. All authors read and approved the
final manuscript.

Funding
No external funds obtained only institutional support by the University of
Gondar (VP/RCS/05/192/2015), Ethiopia.

Availability of data and materials
All data generated or analysed during this study were included in this article.

Declarations

Ethical approval and consent to participate

Ethical approval was obtained from the institutional review board of the Uni-
versity of Gondar with reference number O/VIP/RCS/05/478/2015. Informed
written consent was obtained from each study participants. Children less than
18 years who are not able to give consent were also asked an assent and/or
written consent taken from their parents or guardians.



Moges et al. Ann Clin Microbiol Antimicrob (2021) 20:16

Consent to publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Medical Microbiology, School of Biomedical and Laboratory
Sciences, College of Medicine and Health Sciences, University of Gondar,
Gondar, Ethiopia. 2 Department of Hospital Laboratory, University of Gondar
Comprehensive Specialized Hospital, Gondar, Ethiopia. > Department of Medi-
cal Laboratory Sciences, College of Medicine and Health Sciences, Wollo
University, Dessie, Ethiopia.

Received: 15 October 2020 Accepted: 5 March 2021
Published online: 11 March 2021

References

1. Shaikh S, Fatima J, Shakil S, Rizvi SMD, Kamal MA. Prevalence of mul-
tidrug resistant and extended spectrum beta-lactamase producing
Pseudomonas aeruginosa in a tertiary care hospital. Saudi J Biol Sci.
2015;22(1):62-4.

2. NegvekarV, Sawant S, Amey S. Prevalence of multidrug-resistant Gram-
negative bacteria cases at admission in multispecialty hospital. J Glob
Antimicrob Resist. 2020,9(22):457-61.

3. Ayukekbong JA, Ntemgwa M, Atabe AN. The threat of antimicrobial
resistance in developing countries: causes and control strategies. Antimi-
crob Resist Infect Control. 2017;6(1):47.

4. Piddock LJ. Reflecting on the final report of the O'Neill Review on Antimi-
crobial Resistance. Lancet Infect Dis. 2016;16(7):767-8.

5. lzadpanah M, Khalili H. Antibiotic regimens for treatment of infetions due
to multidrug-resistant Gram-negative pathogens: An evidence-based
literature review. J Res Pharm Pract. 2015;4(3):105-14.

6. Bradford PA. Extended-spectrum B-lactamases in the 21st century: char-
acterization, epidemiology, and detection of this important resistance
threat. Clin Microbiol Rev. 2001;14(4):933-51.

7. Pitout JD, Laupland KB. Extended-spectrum B-lactamase producing
enterobacteriaceae: an emerging public health concern. The Lan Infect
Dis. 2008;8(3):159-66.

8. SondaT, Kumburu H, van Zwetselaar M, Alifrangis M, Lund O, Kibiki
G, Aarestrup FM. Meta-analysis of proportion estimates of extended-
spectrum-beta-lactamase-producing Enterobacteriaceae in East Africa
hospitals. Antimicrob Resist Infect Control. 2016;14(5):18.

9. Bitew A, Tsige E. High prevalence of multidrug resistant and extended
spectrum of B-lactamase producing Enterobacteriaceae: a cross sectional
study at arsho advanced medical laboratory, Addis Abeba. Ethiopia J Trop
Medi. 2020. https://doi.org/10.1155/2020/6167234.

10. Moges F, Eshetie S, Abebe W, Mekonnen F, Dagnew M, Endale A, Amare
A, Feleke T, Gizachew M, Tiruneh M. High prevalence of extended-spec-
trum beta-lactamase-producing Gram-negative pathogens from patients
attending Felege Hiwot Comprehensive Specialized Hospital, Bahir Dar,
Amhara region. PLoS ONE. 2019;14:4.

11. Kohlenberg A, Weitzel-Kage D, Van der Linden P, Sohr D, Végeler S, Kola A,
et al. Outbreak of carbapenem-resistant Pseudomonas aeruginosa infec-
tion in a surgical intensive care unit. J Hosp Infect. 2010;74:350-7.

12. Centers for Disease Control and Prevention. Carbapenemase producing
carbapenem-resistant Enterobacteriaceae (CP-CRE) 2018 case defini-
tion [Internet]. Atlanta, GA: Centers for Disease Control and Prevention.
Available from: https://wwwn.cdc.gov/nndss/conditions/carbapenem
ase-producing-carbapenem-resistantenterobacteriaceae/case-definition
/2018/.

13. Pascual A, Pintado V, Rodriguez-Bafio J, Miré JM. Carbapenemase-pro-
ducing Enterobacteriaceae: the end of the antibiotic era? Enferm Infec
Microbiol Clin. 2014;32(Suppl 4):1-3.

14. Legese MH, Weldearegay GM, Asrat D. Extended-spectrum beta-lacta-
mase- and carbapenemase-producing Enterobacteriaceae among Ethio-
pian children. Infect Drug Resist. 2017;10:27-34. https://doi.org/10.2147/
IDR.S127177.PMID:28182124;,PMCID:PMC5279835.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

Page 11 of 12

Chesbrough M. District laboratory practice in tropical countries. New
York: Cambridge University Press; 2006.

Clinical and Laboratory Standards Institute (CLSI). Performance standards
for antimicrobial susceptibility testing; twenty-second informational sup-
plement. 27th ed. CLSI Supplement M100 Wayne, PA: CLSI; 2017.
Magiorakos AP, Srinivasan A, Carey R, Carmeli Y, Falagas M, Giske C, et al.
Multidrug-resistant, extensively drug-resistant and pan drug-resistant
bacteria: an international expert proposal for interim standard definitions
for acquired resistance. Clin Microbiol Infect. 2012;18(3):268-81.
Uc-Cachén AH, Gracida-Osorno C, Luna-Chi IG, Jiménez-Guillermo JG,
Molina-Salinas GM. High prevalence of antimicrobial resistance among
gram-negative isolated bacilli in intensive care units at a tertiary-care
hospital in Yucatdn Mexico. Medicina (Kaunas). 2019;55(9):588.

Ghimire A, Acharya B, Tuladhar R. Extended Spectrum {3-Lactamase (ESBL)
producing multidrug resistant gram-negative bacteria from various clini-
cal specimens of patients visiting a Tertiary Care Hospital. Tribhuvan Univ
J Microbiol. 2018;4:1-8.

Jaffar A, Rabaan A, Justin VS, Ali MB. Antimicrobial resistance of gram-
negative bacteria: A six-year longitudinal study in a hospital in Saudi
Arabia. J Infect Public Health. 2020;13(5):737-45.

Hadi H, Pegah S, Ata M, SiminOzar M, Taher EM. Antimicrobial suscep-
tibility patterns among bacteria isolated from intensive care units of

the largest teaching hospital at the northwest of Iran. Braz J Pharm Sci.
2016;52(3):404-12.

Lamichhane B. Antibiotic resistance patterns of Gram-negative isolates in
a tertiary care hospital of Nepal. Asian J Pharm Clin Res. 2014;7(3):30-3.
McCue JD. Cefoxitin resistance in community acquired Gram negative
bacillary bacteremia, associated clinical risk factors. Arch Intern Med.
1985;145(5):834-6.

Jean SS, Hsueh PR. High burden of antimicrobial resistance in Asia. Int J
Antimicrob Agents. 2011,37(4):291-5.

Leopold SJ, van Leth F, Tarekegn H, et al. Antimicrobial drug resistance
among clinically relevant bacterial isolates in sub-Saharan Africa: a sys-
tematic review. J Antimicrob Chemother. 2014;69:2337-53.

Abera B, Kibret M, Mulu W. Extended-Spectrum beta (beta)-lactamases
and Antibiogram in Enterobacteriaceae from clinical and drinking water
Sources from Bahir Dar City Ethiopia. PLoS ONE. 2016;11:e0166519.
Lonchel CM, Melin P Gangoué-Piéboji J, Assoumou MCO, Boreux R, De
Mol P. Extended-spectrum {-lactamase-producing Enterobacteriaceae in
Cameroonian hospitals. Eur J Clin Microbiol Infect Dis. 2013,;32:79-87.
Vinodhini R, Moorthy K, Palanivel P, Punitha T, Saranya S, Bhuvaneshwari
M, Kanimozhi C. Detection and antimicrobial susceptibility pattern

of ESBL producing Gram negative bacteria. Asian J Pharm Clin Res.
2014;7:243-7.

Gashaw M, Berhane M, Bekele S, Kibru G, Teshager L, Yilma Y, Ahmed

Y, Fentahun N, Assefa H, Wieser A, Gudina EK, Ali S. Emergence of high
drug resistant bacterial isolates from patients with health care associated
infections at Jimma University medical centre: a cross sectional studly.
Antimicrob Resist Infect Control. 2018;7:138.

Biset S, Moges F, Endalamaw D, Eshetie S. Multi-drug resistant and
extended-spectrum [3-lactamases producing bacterial uropathogens
among pregnant women in Northwest Ethiopia. Ann Clin Microbiol Anti-
microb. 2020;19(1):25.

Ogbolu DO, Daini OA, Ogunledun A, et al. High levels of multidrug resist-
ance in clinical isolates of gram-negative pathogens from Nigeria. Int J
Antimicrob Agents. 2011;37:62-6.

Manzoor A, Mukhtiar H, Anwar K, Imran T, Muhammad H, Hassan

BA, Abdul S, Qaisar M, Ghulam M. Prevalence of extended spectrum
B-lactamase and antimicrobial susceptibility pattern of clinical isolates of
pseudomonas from patients of Khyber Pakhtunkhwa, Pakistan. Pakistan
Biomed Res Int. 2016;2016:6068429.

Oumar OM, Manon L, Mallorie H, Yann D, Abelsalam T, Kadidja K, et al.
High prevalence and characterization of extended-spectrum R-lactamase
producing Enterobacteriaceae in Chadian hospitals. BMC Infect Dis.
2019;19:205.

Zeynudin A, Pritsch M, Schubert S, Messerer M, Liegl G, Hoelscher M,
Belachew T, Wieser A. Prevalence and antibiotic susceptibility pattern of
CTX-M type extended-spectrum beta-lactamases among clinical isolates
of gram-negative bacilli in Jimma Ethiopia. BMC Infect Dis. 2018;18:524.
Parajuli NP, Acharya SP, Mishra SK, Parajuli K, Rijal BP, Pokhrel BM. High
burden of antimicrobial resistance among Gram negative bacteria


https://doi.org/10.1155/2020/6167234
https://wwwn.cdc.gov/nndss/conditions/carbapenemase-producing-carbapenem-resistantenterobacteriaceae/case-definition/2018/
https://wwwn.cdc.gov/nndss/conditions/carbapenemase-producing-carbapenem-resistantenterobacteriaceae/case-definition/2018/
https://wwwn.cdc.gov/nndss/conditions/carbapenemase-producing-carbapenem-resistantenterobacteriaceae/case-definition/2018/
https://doi.org/10.2147/IDR.S127177.PMID:28182124;PMCID:PMC5279835
https://doi.org/10.2147/IDR.S127177.PMID:28182124;PMCID:PMC5279835

Moges et al. Ann Clin Microbiol Antimicrob

36.

37.

38.

39.

40.

(2021) 20:16

causing healthcare associated infections in a critical care unit of Nepal.
Antimicrob Resist Infect Control. 2017;6:1-9.

Tran GM, Ho-Le TP, Ha DT, Tran-Nguyen CH, Nguyen TSM, Pham TTN,
Nguyen TA, Nguyen DA, Hoang HQ, Tran NV, et al. Patterns of antimicro-
bial resistance in intensive care unit patients: a study in Vietnam. BMC
Infect Dis. 2017;17:429.

Francis SC, Eric SD, Thomas JS, Keith M. Phenotypic and genotypic char-
acterization of carbapenem-resistant gram-negative bacilli pathogens
from Hospitals in Ghana. Microbial Drug resistance. 2019;25:1449-57.

Hu L, Zhong Q, Shang Y, Wang H, Ning C, Li Y, et al. (2014) The prevalence
of carbapenemase genes and plasmid-mediated quinolone resistance
determinants in carbapenem-resistant Enterobacteriaceae from five
teaching hospitals in central China. Epidemiol Infect. 2014;142:1972-7.
Ehrhard I, Karaalp AK, Hackel T, Holl G, Rodewald N, Reif U, et al. Preva-
lence of carbapenemase-producing bacteria in hospitals in Saxony,
Germany. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitss-
chutz. 2014,57(4):406-13.

Dahab RA, Ibrahim AM, Mohamed MBB. Detection of carbapenem resist-
ant gram-negative bacilli from infected wounds in Khartoum State-2014.
Clin Microbiol. 2017;6:4.

41.

42.

43.

44,

Page 12 of 12

Okoche D, Asiimwe BB, Katabazi FA, Kato L. Najjuka CF (2015) preva-
lence and characterization of carbapenem-resistant enterobacteriaceae
isolated from Mulago National Referral Hospital, Uganda. PLoS ONE.
2015;10:8. https://doi.org/10.1371/journal.pone.0135745.

Alyahawi A, Alkaf A, Ainamer R, Alnosary T. Study of resistance for recently
marketed carbapenem drug among hospitalised patients in Sana’a
Yemen. Univers J Pharm Res. 2018;3(5):54-7.

Muhie OA. Antibiotic use and resistance pattern in Ethiopia: system-
atic review and meta-analysis. Int J Microbiol. 2019;15:20. https://doi.
0rg/10.1155/2019/2489063.

Mukonzo JK, Namuwenge PM, Okure G, Mwesige B, Namusisi OK,
Mukanga D. Over-the-counter suboptimal dispensing of antibiotics in
Uganda. J Multidiscip Healthc. 2013;6:303-10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1371/journal.pone.0135745
https://doi.org/10.1155/2019/2489063
https://doi.org/10.1155/2019/2489063

	Multidrug resistance and extended-spectrum beta-lactamase producing Gram-negative bacteria from three Referral Hospitals of Amhara region, Ethiopia
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion and recommendation: 

	Introduction
	Materials and methods
	Study design, period and area
	Study populations, sample size and sampling technique
	Sample collection, processing and bacterial identification
	Antibiotic susceptibility testing
	Detection of extended-spectrum β-lactamase (ESBL)
	Detection of carbapenemase producer bacteria
	Data analysis
	Quality control

	Results
	Gram-negative bacterial profile in different clinical samples
	Distribution of clinical isolates in the three referral hospitals, Amhara region
	Antibiotic resistance pattern
	Multidrug resistant isolates
	ESBL and carbapenemase-producing isolates

	Discussion
	Conclusion and recommendation
	Acknowledgements
	References




