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Background: Owing to the specific risk profile of its residents, intensive care units (ICUs) 
are the best place for selection pressure and the epicenter for resistance development and 
dissemination. Infections with β-lactamase releasing Gram-negative bacilli (GNB) at ICUs 
are an emerging global threat. This study dogged the magnitude of extended-spectrum β- 
lactamase (ESBL) and carbapenemase releasing Gram-negative bacilli infections and asso-
ciated factors among patients in the ICUs of Felegehiwot Referral Hospital, Ethiopia.
Methods: A cross-sectional study was done through February to June 2020. Wound swabs, 
urine, blood and sputum samples were collected from patients in the ICUs symptomatic for 
infections while excluding those under coma and shock. Bacterial species were verified using 
standard microbiological methods. Carbapenemase and ESBL production were identified 
using modified carbapenem inactivation and combined disk diffusion methods, respectively. 
Multivariable analysis was calculated for factors associated with ESBL production. P-value < 
0.05 was taken as cut-off for statistical significance.
Results: Out of 270 patients in the ICU, 67 (24.8%) and 14 (5.2%) had infections with 
ESBL and carbapenemase releasing GNB, respectively. The most frequent ESBL producing 
isolates were P. aeruginosa (100%), E. cloacae (100%), K. pneumoniae (82.8%) and E. coli 
(64%). The predominant carbapenemase producer isolates were K. pneumoniae (27.6%) and 
E. cloacae (33.3%). Overall, 77 (81.1%) of species were multi-drug resistant. All GNB 
species were 100% resistant to tetracycline and ampicillin. They are also resistant to 
cefuroxime, ceftazidime, sulfamethoxazole-trimethoprim and cefotaxime. Prior hospitaliza-
tion (AOR = 5.5, CI = 2.63–11.46), support with medical care devices (AOR = 23.7, CI = 
4.6–12) and arterial intravenous catheterization (AOR = 2.7, CI = 1.3–5.3) had significant 
association with β-lactamase producing GNB infection.
Conclusion: Infection with ESBL and carbapenemase producing Gram-negative bacilli 
linked with an alarming degree of multi-drug resistant isolates is a major healthcare 
threat among patients in ICUs. Hence, strict adherence to infection prevention practices 
and wise use of antibiotics are recommended to slow the spread of antimicrobial 
resistance.
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Background
Intensive care units (ICUs) are specially equipped units of hospitals which provide 
highly specialized care to patients who have suffered from a serious injury or 
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illness.1 Patients are often hospitalized to ICUs following 
problems in their respiratory, cardiac, renal and brain, after 
surgery and major trauma complications.2,3

Patients hospitalized to ICUs are most at risk to develop 
infections from various sites.4 The most common infections 
that occurred in the ICU are ventilator-associated lower 
respiratory tract infections (LRTI), central line-associated 
bloodstream infections (BSI), and urinary tract 
infections (UTI) associated with catheter and surgical site 
infections (SSIs).5

Although the interventions are greatly improved and 
follow-ups are critical for patients in the ICU, morbidity 
and mortality due to infections are very high.6 Globally, 
infections with Gram-negative bacilli (GNB) are 5–10 
times higher among patients in the ICU than those in the 
general wards.7 These, ICU-acquired infections are linked 
with underlying disease conditions, improper use of antimi-
crobials, invasive therapeutic interventions, mechanical ven-
tilation, and central venous and urinary catheterization.8

Due to the specific risk profile of its residents, the ICU is 
the optimal place for selection pressure and is deemed the 
epicenter for resistance development, dissemination, and 
amplification of antimicrobial resistance (AMR).9 In the 
ICU, over 60% of patients get broad-spectrum antimicrobial 
treatments, and it is one of the major reasons for the rising 
and spreading of multi-drug resistant (MDR) strains in ser-
ious care units.9 Thus, infections among ICU patients are 
aggravated with the emergence of extended-spectrum beta- 
lactamases (ESBLs) and carbapenemases (CP) producing 
bacteria and the resistance of these microbes for drugs 
which save the lives of critically ill patients.10

The emergence of ESBLs and CP producing GNB infec-
tions among ICU patients are one of the recent alarming 
global health threats, worldwide.10 They are major causes 
for morbidity, longer hospital stays, and mortality in the ICU 
with limited therapeutic options and they utilize many 
resources to prevent, detect and respond to it.11 Therefore, 
GNB isolates from UTI, BSI, LRTI and wound infections 
(WI) in ICUs are superbugs and nightmare bacteria.12

Extended-spectrum beta-lactamases are enzymes gener-
ated by certain bacteria which can hydrolyze extended- 
spectrum third generation cephalosporins. While, 
carbapenemase are a type of beta-lactamase enzyme released 
from GNB to defend themselves against carbapenem anti-
biotics and tend to give resistance to all penicillins and 
cephalosporins.13

Enterobacterales family, Pseudomonas aeruginosa 
(P. aeruginosa) and Acinetobacter species are potential 

superbugs which can produce ESBLs and CP and are 
widely reported in ICU settings.6,14 Infections with 
ESBL producing bacteria are treated with the last resort 
antibiotic carbapenems. However, CP mediated resis-
tance to carbapenem drugs are occurring.15 Members of 
the Enterobacterales family revealed dramatic 
increases in resistance to carbapenems.16 Therefore, 
ESBL producing Enterobacterales, carbapenemase 
expressing K. pneumoniae, carbapenem-resistant (CR) 
A. baumannii and MDR P. aeruginosa are the current 
critical organisms for research and innovation of new 
drugs.17

Although patients in the ICU are the epicenter for noso-
comial infections and sources for AMR, information on the 
ESBLs and CP producing species from patients in ICUs are 
very scarce in sub-Saharan Africa. In Ethiopia, patients in 
the ICU suffer from healthcare associated infection with 
GNB pathogens and treatment failure. The majority of 
severely ill patients in the ICU are treated with randomly 
chosen broad-spectrum antibiotics and supported with inva-
sive devices. The uses of common gloves for more than one 
patient by healthcare workers are also common practices in 
ICUs. These can induce substantial antibiotic pressure, 
AMR and the emergence and spreading of a high number 
of ESBLs and CP producing bacterial infections.18

The dearth of studies in ICU settings on beta-lactamase 
producing GNB infections in Ethiopia are associated with 
limited diagnostic and treatment facilities and habitual 
empirical treatments. Thus, genuine surveillance data on 
beta-lactamase production and related resistance to anti-
biotics among GNB is crucially required in developing 
countries including Ethiopia to alarm and create awareness 
for effective intervention measures, and emergence of 
GNB superbugs. Therefore, this study determined the pre-
valence of beta-lactamases (ESBLs and CP) producing 
Gram-negative bacilli infections and their associated fac-
tors among patients hospitalized in the ICU of Felegehiwot 
Referral Hospital, Ethiopia.

Methods
Study Design, Period and Setting
A cross-sectional study was performed through February to 
June, 2020 in the ICU of Felegehiwot Referral Hospital, 
Northwest Ethiopia. Felegehiwot Referral Hospital is one 
of the largest tertiary level referral hospitals in Ethiopia 
serving more than 7 million people. It currently delivers 
healthcare services in its different wards and ICUs. The 
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ICUs have 2 rooms, 12 beds and serve more than 60 patients 
per week. On average, 60 patients are admitted weekly at the 
ICU for different admission cases to get treatment services. 
During data collection, ICUs have one neurologist, four 
intensives, four medical doctors, 5 clinical nurses and 3 
pediatricians. All patients in the ICUs of Felegehiwot 
Referral Hospital and symptomatic for bacterial causes of 
UTI, BSI, LRTI or WI were the study population.

Variables of the Study
Beta-lactamases (extended-spectrum beta-lactamases and 
carbapenemase) producing Gram negative bacilli 
infections were the dependent variable while variables 
such as demographic (age, sex, residence, marital status, 
educational status and occupation), clinical related (admis-
sion for the last 12 months, patients ICU ward and 
patient’s referral), medical care related (urethral catheter, 
intravenous catheter, arterial intravenous and suprapubic 
catheter, support with medical care devices, mechanical 
ventilation status, ICU room cleanliness, room ventilation 
and hand hygiene practices of healthcare works) and treat-
ment related (antibiotic treatment status, history of anti-
biotic use and history of antibiotic interruption) were the 
independent variables.

Inclusion and Exclusion Criteria
Patients of all ages and both genders (male and female) 
hospitalized in the ICU with symptoms for UTI, BSI, 
LRTI or WIs were included in the study. Conversely, 
patients in the ICU that were under coma and shock 
were excluded from the study.

Sample Size Determination and Sampling
A sample size of 270 patients was obtained via calculation 
with Epi info version 3.5.1 (public domain software, www. 
cdc.gov) at 95% level of confidence, 5% margin of error 
and a 0.227 proportion of ESBL production from a study 
in India.19 A convenient sampling technique was 
employed to include the study participants from the 
study population. All patients symptomatic for BSI, UTI, 
LRTI or WI were included until the compulsory sample 
size had been reached. Therefore, 101, 91, 44 and 34 
patients in the ICUs presumptive for UTI, BSI, WI and 
LRTI, respectively were included in the study.

Data Collection
Data on demographic features and variables related to 
clinical, medical and treatment profiles of study 

participants were collected by the study team in consulta-
tion with the attending physician with face-to-face 
interviews and complementation with patient card reviews.

Specimen Collection and Processing
Specimens from study participants were collected follow-
ing diagnosis by a physician. Urine (101), blood (91), 
wound swabs (44) and bronchial sputum (34) specimens 
were collected from ICU patients symptomatic for UTI, 
BSI, WI and LRTI, respectively following standard micro-
biological methods.20

Blood Specimen Collection and 
Processing
Blood of 10 mL, 5 mL and 1 mL were drawn from adult, 
children and infants, respectively and inoculated directly 
onto Tryptone Soya Broth (TSB) (Oxoid, UK) containing 
aerobic blood culture bottles. Inoculated blood culture bot-
tles were incubated at 37 °C and inspected for 7 consecutive 
days. For those blood cultures that showed signs of micro-
bial growth, sub-cultures were performed onto Blood Agar 
and MacConkey Agar (Oxoid, UK). All of the inoculated 
agar plates were incubated at 37 °C for 48 h.21

Urine Specimen Collection and 
Processing
Five mL of urine sample was collected with leak proof and 
sterile screw-capped plastic from non-catheterized 
patients. From catheterized patients, the same volumes of 
urine were aseptically collected via a urethral or supra 
pubic catheter line and ported to a sterile urine cup. 
Using a calibrated loop (0.002 mL), the urine sample 
then inoculated onto Cysteine Lactose Electrolyte 
Deficient Agar and incubated at 37 °C for 24 h. Colonies 
with significant bacteriuria: 105 CFU/mL for urine col-
lected from non-catheterized patients and 103–105 CFU/ 
mL for urine collected from catheterized patients were 
further processed and sub-cultured onto MacConkey and 
Blood Agar plates.20,21

Wound Swab Sample Collection and 
Processing
Swabs were collected from appropriate site of wound 
infection aseptically with sterile cotton tipped swab and 
were inoculated onto Blood Agar and MacConkey Agar at 
the time (Oxoid, UK). Inoculated plates were kept at 37 °C 
for 48 h.22
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Sputum Sample Collection and Processing
Five mL of expectorated purulent sputum specimens were 
collected from participants with LRTI using dry wide 
necked clean leak proof containers. For those who had 
a suction tube, the same volumes of sputum were collected 
to a falcon tube.20,21 Upon collection, a loop full of speci-
men was streaked onto Blood Agar and MacConkey Agar 
(Oxoid, UK) and kept under aerobic condition at 37 ºC and 
bacterial growths were examined after 48 h of 
incubation.23

Bacterial Identification
Standard bacteriological methods were employed for iden-
tification of isolates.21,23 Gram-negative bacilli colonies 
were pre-identified with their colony appearance and 
Gram staining morphology. Pure cultures of isolates were 
further identified by necessary biochemical tests.21,23 

Biochemical tests such as lactose fermentation, indole 
production, citrate utilization, gas production, motility 
and oxidases were used to identify members of the 
Enterobacterales, P. aeruginosa and A. baumannii. All 
the suspected isolates were further confirmed by an auto-
mated Vitek2 Compact (Biomerieux, France).

Antimicrobial Susceptibility Testing
All the identified isolates were subjected to susceptibility 
testing against amoxicillin-clavulanic acid (30 µg), ampicil-
lin (10 µg), cefepime (30 µg), cefotaxime (30 µg), ceftazi-
dime (30 µg), ceftriaxone (30 µg), cefuroxime (30 µg), 
ciprofloxacin (5 µg), gentamicin (10 µg), imipenem (10 
µg), meropenem (10 µg), nitrofurantoin (10 µg), piperacillin 
(100 µg), sulfamethoxazole-trimethoprim (1.25/23.75 µg), 
and tetracycline (30 µg) (Oxoid, UK) using the Kirby-Bauer 
method on Mueller Hinton Agar (MHA) (Oxoid, UK). Zone 
sizes from the Clinical and Laboratory Standard Institute 
guidelines were employed to interpret the results. Bacterial 
isolates which were resistant to three or more antibiotics 
from different classes were considered as MDR.24

Screening and Confirmation of Extended- 
Spectrum β-Lactamase Producers
ESBL producing isolates were screened using the Kirby 
Bauer disk diffusion test.24 A 0.5 McFarland adjusted 
bacterial suspension was properly streaked onto MHA. 
Ceftriaxone (30 µg), cefotaxime (30 µg) and ceftazidime 
(30 µg) disks were placed onto the inoculated MHA plate 
and incubated overnight at 37 °C. Isolates that revealed 

≤22 mm inhibition zone size for ceftazidime and/or 
≤27 mm for cefotaxime and/or ≤25 mm for ceftriaxone 
were considered as ESBL positive.24 These isolates were 
then subjected to double disk synergy confirmatory test 
according to the 2019 CLSI guidelines.24 Organisms sus-
pended in normal saline were inoculated onto MHA plate. 
Ceftazidime (30 µg), cefotaxime (30 µg) and ceftriaxone 
(30 µg) disks were placed around amoxicillin-clavulanic 
acid (20/10µg) 20 mm apart. After incubation at 37 °C for 
24 h, isolates that revealed ≥5 mm increase in the growth 
inhibition zone for any antimicrobial associated with 
amoxicillin-clavulanic acid was considered as positive 
and the isolates were interpreted as an ESBL producer.24

Carbapenemase Detection Methods
Bacterial isolates exhibiting a growth inhibition zone size 
of ≤19 mm to meropenem and imipenem disks in the 
Kirby Bauer disk diffusion test were subjected to 
a modified carbapenem inactivation method (mCIM) 
test.20 Briefly, the bacterial isolates were emulsified in 
tryptic soya broth with meropenem disk (10 µg) and 
incubated for 4 h. McFarland standard equivalent suspen-
sion carbapenem sensitive indicator organism (E. coli 
ATCC®25,922) evenly swabbed onto MHA, and then the 
meropenem in the tryptic soya broth was dispensed and 
incubated at 37 °C for 24 h. The zone of inhibition for 
meropenem was measured. A zone diameter of 6–15 mm 
or presence of pinpoint colonies within a 16–18 mm zone 
was considered as CP producer.24

Quality Control
A questionnaire was prepared in English and translated 
into the national language (Amharic) and back to English 
to check its consistency. The questionnaire was checked 
for completeness during and after data collection. The 
qualities of the sputum sample were evaluated for proper 
culture according to the criteria given by the American 
Society for Microbiology.25 The sterility of culture 
media were checked with overnight incubation of 5% 
prepared media and observed for the presence of any 
growth. American Type Culture Collection (ATCC) stan-
dard reference strains (E. coli ATCC-25922 and 
P. aeruginosa ATCC-27853) were used to check the 
performance of the culture media. K. pneumoniae 
ATCC 700603 and E. coli ATCC 25922 control strains 
were used for quality control of ESBL detection. 
K. pneumoniae BAA1705 and E. coli ATCC 25922 
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control strains were taken as a positive and negative 
quality control, respectively for carbapenemase 
detection.

Data Analysis
Data were coded and analyzed using IBM SPSS statistics 
for Windows, Version 25 (IBM Corp, Armonk, NY, 
USA). Descriptive statistics were calculated. Variables 
were fitted to the bivariable logistic regression. 
Variables with a P-value of ≤ 0.2 in the bivariable 
analysis were then further entered into a logistic regres-
sion model to identify independent predictors of beta- 
lactamases producing bacterial infection. Backward 
stepwise logistic regression techniques were fitted in 
the multivariable analysis and confounding and multi-
collinearity were controlled. A P-value < 0.05 was con-
sidered as cut-off for statistical significance. Crude and 
adjusted odds ratio with 95% confidence intervals were 
calculated. Hosmer and Lemeshow gardens-of-fit test 
was used to check the fulfillment of the necessary 
assumptions for the implementation of logistic regres-
sion. A P-value > 0.005 was considered a good fit.

Ethical Approval and Consent to 
Participate
This study was conducted in accordance with the 
Declaration of Helsinki. Ethical approval was obtained 
from Bahir Dar University College of Medicine and 
Health Sciences Institutional Review Board (IRB) dated 
on 05/02/2020 with the registration number of 002. 
Before data collection, permission was taken from 
APHI and Felegehiwot Referral Hospital. From the 
study participants whose age was 18 years and above, 
written informed consents were taken. For children, writ-
ten assents were obtained from caregivers before they 
are asked to give data and sample. Participation in the 
study was fully voluntary. All information obtained from 
this study was kept confidential at all levels and utilized 
only for the study. Positive findings were reported to the 
physicians attending in the ICU for the proper manage-
ment of patients.

Results
Demographic and Clinical Characteristics
A total of 270 patients in the ICU with symptoms of UTI 
(101, 37.4%), BSI (91, 33.7%), WI (44, 16.3%) and LRTI 
(34, 12.6%) were included during the study. Of the 270 

patients, 147 (54.4%) were males. The median age of 
study participants was 54 years and the majority (32.2%) 
were older than 60 years. One hundred thirty eight (51.1%) 
of the study participants were rural residents (Table 1).

Table 1 Culture Confirmed Gram-Negative Bacilli Infections and 
Demographic Characteristics of Study Participants

Variables Number of 
Study 
Participants

Culture Confirmed 
Gram-Negative 
Bacilli Infection

N (%) N (%)

Sex

Male 147 (54.4) 54 (36.7)
Female 123 (45.6) 41 (33.3)

Age (in years)
< 15 54 (20) 14 (25.9)

16–30 26 (9.6) 9 (34.6)

31–45 59 (21.9) 16 (27.1)
46–60 44 (16.3) 1. (36.4)

> 60 87 (32.2) 40 (46)

Marital status

Single 99 (36.7) 26 (26.3)
Married 136 (50.4) 50 (36.8)

Divorced 35 (13) 19 (54.3)

Residence
Urban 132 (48.9) 33 (25)

Rural 138 (51.1) 62 (44.9)

Educational level

Cannot read and write 91 (33.7) 38 (41.8)

Primary 87 (32.2) 32 (36.8)
Secondary 58 (21.5) 17 (29.3)

Diploma and above 34 (12.6) 8 (23.5)

Occupation

Employed 32 (11.9) 7 (21.9)

Merchant 31 (11.5) 17 (54.8)
Housewife 50 (18.5) 15 (30)

Daily laborer 32 (11.9) 9 (28.1)

Farmer 45 (16.7) 23 (51.1)
Others 80 (29.6) 24 (35.2)

Patient referral
Referred 170 (63) 72 (42.4)

Not referred 100 (37) 23 (23)

Site of infection

UTI 101 (37.4) 33 (32.7)

BSI 91 (33.7) 30 (33)
WI 44 (16.3) 16 (36.9)

LRTI 34 (12.6) 16 (47.1)

Total 270 (100) 95 (35.2)

Abbreviations: UTI, urinary tract infection; BSI, bloodstream infection; WI, 
wound infection; LRTI, lower respiratory tract infection.
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Gram-Negative Bacilli Infections
Table 1 illustrates the prevalence of infection with GNB. 
Overall, 95 (35.2%) patients had culture confirmed GNB 
infection. The percentage of culture confirmed UTI, BSI, 
WI and LRTI was 33 (32.7%), 30 (33%), 16 (36.9%) and 
16 (47.1%), respectively. The percentage of GNB infection 
was higher among rural (44.9%) than urban (25%) inha-
bitants. Referred patients had higher percentages (42.4%) 
of infection than the counter (23%).

Prevalence of β-Lactamase Producing 
GNB Infection
Overall, 67 (24.8%) patients had infection with ESBL 
producing GNB. The percentage of UTI, BSI, LRTI and 
WI with ESBL producing GNB was 23 (22.8%), 18 
(19.8%), 12 (35.3%) and 14 (31.8%), respectively. The 
prevalence of carbapenemase producing GNB infection 
was 14 (5.2%). The percentage of CP production was 5 
(14.7%), 5 (5.5%), 2 (4.5%) and 2 (1.98%) in LRTI, BSI, 
WI and UTI, correspondingly (Figure 1).

Frequency of Bacterial Isolates
Table 2 illustrates the frequency of GNB isolates. Overall, 
K. pneumoniae 29 (30.5%) was the most predominant isolate 
with E. coli 25 (26.3%), Acinetobacter spp. 13 (13.7%) and 
Enterobacter spp. 6 (6.3%). The most common isolated bac-
teria from UTI were E. coli 15 (45.5%) and K. pneumoniae 
10 (30.3%). P. aeruginosa 6 (37.5%) was the most common 
organism from wound infections with K. pneumoniae 3 
(18.8%) and Acinetobacter spp. 3 (18.8%). From BSI, 

K. pneumoniae 9 (30%) followed by E. coli 6 (20%) and 
Acinetobacter spp. 5 (16.7%) were the most common iso-
lates. Similarly, K. pneumoniae 7 (43.8%) was the leading 
isolate with Acinetobacter spp. 4 (25%) from LRTI.

Frequency of Extended-Spectrum β- 
Lactamase and Carbapenemase 
Production
All P. aeruginosa and E. cloacae isolates were found to be 
ESBL producers. The majority of K. pneumoniae (82.8%) 
and E. coli (64%) species were ESBL producers. ESBL 
production was found in 56.6–81.3% of isolates from 
various specimens with the highest percentage recorded 
among isolates from wound (81.3%) and sputum samples 
(75%). The proportion of CP production was 8 (27.6%), 2 
(18.2%) and 2 (8%) among K. pneumoniae, P. aeruginosa 
and E. coli species, respectively. The proportion of CP 
production was, 4 (40%), 3 (18.8%), 5 (15.2%) and 2 
(12.5%) from blood, wound, urine and sputum sample 
isolates, respectively (Table 3).

Antimicrobial Resistance Profiles of the 
Bacterial Isolates
All GNB species were 100% resistant to tetracycline and 
ampicillin. They revealed 83.3–100% resistance towards 
piperacillin. GNB showed a high percentage of resistance 
toward cefuroxime (83.2%), ceftazidime (77.9%), sulfa-
methoxazole-trimethoprim (77.9%) and cefotaxime 
(75.8%). The least percentage of resistance was found 

Figure 1 Prevalence of ESBL and carbapenemase producing Gram-negative bacilli infections.
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toward ciprofloxacin (51.6%), imipenem (16.8%) and mer-
openem (21%) (Table 4).

All P. aeruginosa and E. cloacae isolates showed 
resistance to sulfamethoxazole-trimethoprim, cefuroxime, 
cefotaxime, and ceftazidime. K. pneumoniae isolates 
revealed 72.4–89.7% of resistance toward ciprofloxacin, 
cefepime, ceftriaxone, nitrofurantoin, sulfamethoxazole- 
trimethoprim, cefotaxime and amoxicillin clavulanic acid, 
respectively. P. aeruginosa isolates showed 90.9–100% of 
resistance toward cefepime, nitrofurantoin, amoxicillin, 
piperacillin, cefuroxime, ceftazidime, cefotaxime, ceftriax-
one, gentamicin, sulfamethoxazole-trimethoprim and 
amoxicillin-clavulanic acid, respectively. Acinetobacter 
spp. showed 76.9−100% of resistance toward ceftazidime, 
ciprofloxacin, sulfamethoxazole-trimethoprim, nitrofuran-
toin, cefuroxime and piperacillin, respectively. Moreover, 
E. cloacae revealed 83.3–100% of resistance toward gen-
tamicin, nitrofurantoin, piperacillin, ceftriaxone, sulfa-
methoxazole-trimethoprim, cefotaxime, ceftazidime, and 
cefuroxime, respectively (Table 4).

Multi-Drug Resistance Profile of the 
Bacterial Isolates
Overall, 77 (81.05%) bacterial species were MDR. All of 
P. aeruginosa, Acinetobacter spp., Citrobacter spp. and 
E. cloacae were found to be MDR. The MDR rate of 
E. coli and K. pneumoniae isolates were 27 (93.1%) and 
16 (60%), respectively (Figure 2).

Multivariable Analysis
Under multivariable analysis, ESBL production was signifi-
cantly associated with a history of admission for the last 12 
months (AOR = 5.5, CI = 2.63–11.46), support with medical 
care devices (AOR = 23.7, CI = 4.6–12), with arterial intra-
venous catheterization (AOR = 2.7, CI = 1.3–5.3) and hospi-
talization in surgical ICU (AOR = 6.69, CI = 1.2–36.5). 
Participants who had a history of admission in the last 12 
months were 5.5 times more likely to have an ESBL produ-
cing bacterial infection compared to others. Likewise, patients 
hospitalized in surgical ICU had 6.7 times the risk of devel-
oping ESBL producing bacterial infection than those admitted 
to medical and neonatal ICU. Participants who had support 
with medical care devices were 23.7 times more likely to 
develop ESBL producing bacterial infections compared to 
those who had no the support. Moreover, participants who 
had arterial IV catheters were 2.7 times more likely to be Ta
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infected with ESBL producing bacterial infections as com-
pared to their counterparts (Table 5).

Discussion
Although there is lack of preliminary baseline data in 
Ethiopia on culture confirmed bacterial infections in the 
ICU, the overall Gram-negative bacilli infections among 
ICU patients in the present study is alarmingly high. This 
could be due to poor adherence to infection prevention 
practices in the study area. Study participants referred 
from other healthcare facilities had a higher percentage 
of infection than their counterparts. Similar results were 
found in Uganda.6 This could be due to circulations of 
pathogens among healthcare worker's attire, inpatients, 
hospital equipment, or interventional procedures.

The prevalence of GNB infection (35.2%) among ICU 
patients in the present study was analogous with studies from 
Uganda (32%)6 and India (37%).26 However, it was higher 
than other studies done in Ethiopia (25.13%),27 Mexico 
(19%),28 Nipa (19.5%)29 and Nepal (12.6%).30 Conversely, 
a high percentage of infections had been reported in Bosnia 
(65.2%),31 India (62%)32 and Nigeria (50.9%).33

The most prevalent cultured confirmed infections in the 
present study were lower respiratory tract infections and 
wound infections which are reliable with studies from 
Mexico28 and Southern India,34 where most of the infec-
tions were lower respiratory tract infections and wound 
infections. This might be due to the high chance of expo-
sure to hospital pathogens during care and following the 
use of mechanical ventilation and other supportive devices 

for intensive care. Moreover, respiratory and wound infec-
tions are one of the most predominant clinical syndromes 
worldwide.

Taken as a whole, 24.8% of patients in the ICU had 
infections with ESBL producing Gram-negative bacilli in 
the present study. This is a major threat for patients and 
healthcare workers. Because patients in the ICU are criti-
cally ill and immunocompromised this requires intensive 
care services. Healthcare workers have frequent contact 
with patients for intensive care. Moreover, infections with 
ESBL producing organisms are resistant to third genera-
tion cephalosporins and require more complex treatments, 
prolonged hospitalization and intravenous carbapenem 
antibiotics. The prevailing percentage of ESBL infections 
in the current study was concurrent with former findings 
from India (21.4%),26 France (25%),35 Qatar (26%)36 and 
Nepal (28.2%).30 However, lower than a study from India 
(35.2%).37

A higher percentage of infections with ESBL produ-
cing GNB was found among patients with lower respira-
tory tract infections (35.3%) and wound 
infections (19.8%). Fairly similar findings were reported 
in India where 34.3% of patients in the ICU had LRTI with 
ESBL producing bacteria26 and Saudi Arabia where 38.8% 
of ICU patients had LRTI with ESBL producing 
bacteria.38

E. cloacae and P. aeruginosa isolates were the leading 
ESBL producers with K. pneumoniae and E. coli. This is 
consistent with findings reported in Indonesia,39 Algeria40 

and India37 where E. cloacae was the predominant ESBL 

Figure 2 MDR profile among bacterial isolates from intensive care units. 
Abbreviation: MDR, multi-drug resistance.
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Table 5 Bivariable and Multivariable Analysis of Factors Associated with β-Lactamase Producing GNB Infection Among Patients in the 
Intensive Care Units

Variables ESBL Producing GNB 
Infection

COR (95% CI) P-value AOR (95% CI) P. value

Positive Negative

Sex

Male 34 113 1

Female 33 90 0.821(0.47–1.43) 0.484 NA NA

Age (years)

≤ 15 10 44 2.316 (1.02 −5.24) 0.044 0.3 (0.002–0.48) 0.13
16–30 7 19 1 0.21 (0.3 −1.58) 0.13

31–45 11 48 1.429 (0.54–3.77) 0.47 0.29 (0.056 −1.52) 0.15

46–60 9 35 2.297 (1.04–5.06) 0.04 0.58 (0.18 −1.87) 0.36
> 60 30 57 2.049 (0.87–4.816) 0.10 0.81(0.25–2.55) 0.72

Marital status
Single 18 81 4.76 (−2.06) < 0.001 1.6 (0.5–5.18) 0.49

Married 31 105 1 1

Divorced 18 17 3.58 (1.65–7.78) 0.001 2.9 (1.1–7.64) 0.02

Residence

Urban 22 110 1
Rural 45 93 0.41 (0.23–0.74) 0.003 0.55 (0.26–1.18) 0.12

History of admission for the last 12 months

Yes 37 33 0.15 (0.09–0.89) < 0.001 5.5 (2.63–11.46) < 0.001

No 30 170 1

History of antibiotic use

Yes 42 72 3.18 (1.78–5.67) < 0.001 0.51 (0.6–4.32) 0.538
No 24 131 1

Hospital visit for the last 3 months
Yes 43 71 3.3(1.8–5.9) < 0.001 1.7 (0.58–4.96) 0.329

No 24 132 1

Patients on antibiotic treatment

Yes 66 191 4.14 (0.52–32.5) 0.17 5.2 (0.31–85) 0.247

No 1 12

History of antibiotic interruption

Yes 48 90 0.31 (0.17–0.57) < 0.001 0.92 (0.28–2.9) 0.892
No 19 113 1

Patients’ ICU ward
Medical ICU 8 24 0.29 (0.07–1.2) 0.09

Surgical ICU 56 148 0.25 (0.08–0.87) 0.03 6.69 (1.20–36.5) 0.03

Neonatal ICU 3 31 1

Patient has diarrhea

Yes 28 39 3.02(1.6–5.4) < 0.01 1.89 (0.79–4.37) 0.14
No 39 164 1

Patient was referred
Yes 50 120 0.5 (0.26–0.9) 0.024 0.9 (0.37–2.36) 0.897

No 17 83 1

(Continued)
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producing isolate. In reports from Uganda,6 Nepal,30 

Brazil41 and Mexico,28 E. coli and K. pneumoniae were 
also the most common ESBL producing isolates. 
Moreover, 56.6–81.3% of GNB isolates from blood, 
urine, sputum and wound samples of the present study 
are ESBL producers. This showed that, Enterobacterales, 
P. aeruginosa and Acinetobacter are the predominant 
ESBL producers. This might be due to continuous expo-
sure of these bacteria to a variety of β-lactams that leads to 
the production of beta-lactamases.42 Moreover, plasmid 
and chromosomal gene mediated beta-lactamase enzymes 
are major reasons for antibiotic resistance.30

Though data on carbapenemase producing GNB infec-
tion among patients in ICUs is very limited in Ethiopia, 
the present study prevalence (5.2%) is higher than a report 
from Addis Ababa (2%), Ethiopia.27 This is because, the 
former study included both ICU and non-ICU patients. It 
is a fact that non-ICU patients have a lower risk and lower 
chance of acquiring CP producing bacteria than patients in 
the ICU. Previous studies in Nigeria,33 India,37 Taiwan,43 

Indonesia,39 Nepal30 and Romania44 reported 34.5%, 
34.5%, 15.4%, 13.7%, 11.2% and 21.6% of CP produc-
tion, respectively which are much higher than the present 
finding. This could be due to heterogeneity in region, ICU 

Table 5 (Continued). 

Variables ESBL Producing GNB 
Infection

COR (95% CI) P-value AOR (95% CI) P. value

Positive Negative

ICU room cleanliness

Yes 48 168 1.9 (0.9–3.6) 0.05 0.79 (0.32–1.93) 0.79

No 19 35 1

ICU room with ventilation

Yes 38 124 1.2 (0.68–2.09) 0.52 NA NA
No 29 79

Hand hygiene practices
Yes 61 196 2.7 (0.89–8.5) 0.07 0.43 (0.08–2.09) 0.29

No 6 7

Patient with supportive medical care devices

Yes 53 201 26.5 (5.85–120.43) < 0.001 23.7 (4.6–12) < 0.001
No 14 2

Patient was under mechanical ventilation
Yes 9 33 1.2 (0.56–2.77) 0.58 NA NA

No 58 170

Patient has supra pubic catheter

Yes 43 156 1.8 (1.02–3.36) 0.04 0.44 (0.17–1.14) 0.09

No 24 47

Patient has urethral catheter

Yes 59 190 1.98 (0.78–5.01) 0.149 0.7(0.17–2.7) 0.614
No 8 13

Patient has intravenous catheter
Yes 52 161 1.19 (0.60–2.33) 0.61 NA NA

No 15 39

Patient has arterial IV catheter

Yes 28 118 2 (1.1–3.5) 0.015 2.7 (1.3–5.3) 0.002

No 39 82

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; COR, crude odds ratio; ESBL, extended-spectrum beta-lactamase; GNB, Gram-negative bacilli, ICU, 
intensive care unit; IV, intravenous; NA, not applicable; 1, reference category.
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settings, bacterial species, and methods of carbapenemase 
detection, local antibiotic use and infection control 
systems.

The predominant carbapenemase producing bacteria 
were isolated from LRTI (14.7%) and BSI (5.5%) in the 
present study. It is true that P. aeruginosa and 
K. pneumoniae are common etiologies of LRTI and BSI. 
These isolates are the major carbapenemase producers in 
the present study. Similarly, carbapenemase producing 
bacteria were isolated from LRTI among ICU patients.26

The principal carbapenemase producing bacteria in the 
present study were P. aeruginosa (27.6%) and 
K. pneumoniae (18.2%). In spite of percentage differences, 
K. pneumoniae (4.21%) and P. aeruginosa (2.6%) were the 
predominant carbapenemase producing isolates in 
Algeria.40 Similarly, K. pneumoniae (91%) and 
P. aeruginosa (66%) were the commonest carbapenemase 
producing organisms in Taiwan.45

The burden of beta-lactamase producing bacterial 
infections among ICU patients is aggravated by the high 
percentage (81.5%) of multi-drug resistant strains. The 
prevailing prevalence of MDR is in accord with studies 
done in Uganda (58%),6 India (72.5%),26 Nepal (62.1% 
and 79%)30,46 and Mexico (70.96%).28 The high burden of 
MDR isolates in the present study could be associated with 
empirical and non-selective use of antibiotics, irrational 
dose regimens, and the transfer of MDR determining 
genes among the isolates. Furthermore, mutations in the 
chromosome might result in over production of ESBLs, 
over-expression of efflux pumps, target modifications and 
permeability alterations.

In this study, all the bacterial isolates were resistant to 
ampicillin and tetracycline. These antibiotics are fre-
quently used for a first line of treatment for common 
infections. Comparable results were reported in Ethiopia 
where bacterial isolates were 100% resistant to ampicillin 
and 81.9% resistant to sulfamethoxazole-trimethoprim.27

Besides the high burden of beta-lactamase production 
and MDR, resistance of GNB towards third generation 
cephalosporins is a serious issue and poses a major chal-
lenge in the management of patients in the ICU. 
Antimicrobial susceptibility testing of isolates revealed 
a high percentage of resistance to cefuroxime (83.1%), 
ceftazidime (77.9%), cotrimoxazole (77.9%) and cefotax-
ime (75.8%) in this study. A study from Mexico reported 
84.17% resistance to cefuroxime, 82.93% resistance to 
piperacillin, 78.1% resistance to cefotaxime and 77.4% 

resistance to ceftriaxone.28 Another study from Nepal 
reported 66.1% resistance to ceftazidime.46

Strong resistance towards third generation cephalos-
porins occurs among P. aeruginosa, E. cloacae, 
K. pneumoniae and E. cloacae isolates in the present 
study as all P. aeruginosa and E. cloacae were resistant 
against sulfamethoxazole-trimethoprim, cefuroxime, cefo-
taxime, and ceftazidime. The findings are comparable with 
a study from Algeria where P. aeruginosa and E. cloacae 
isolates were 100% resistant to sulfamethoxazole- 
trimethoprim, cefuroxime, cefotaxime, and ceftazidime.40

In general, the reason for the observed resistance to 
different antibiotics among GNB isolates could be due to 
the syndromic management of patients and non-selective 
prescription of broad spectrum antibiotics to treat various 
sites of bacterial infections. In Ethiopia, syndromic man-
agement of patients and use of antibiotics without definite 
diagnosis and prescription are common practices which 
results in overuse and misuse of drugs that greatly con-
tributes to the emergence and spreading of drug resistance.

A previous history of hospital admission within the 
past year, and use of arterial intravenous catheters are 
predictor variables for beta-lactamase producing bacterial 
infection in the present study. This is consistent with 
studies from India47 and Poland.3 In the present study, 
the use of a supportive medical care device is strongly 
associated with the occurrence of a beta-lactamase produ-
cing bacterial infection. This is consistent with a report 
from Poland.3 Hospitalization in a surgical ICU is also 
a predictor variable in our finding, and the finding is in line 
with a previous study.48 This might be due to inappropriate 
infection prevention control, and biofilm formation of 
pathogens which have become resistant to many drugs.

Conclusions
The alarming prevalence of beta-lactamase producing 
GNB infections among patients in the ICU is obtained. 
These beta-lactamase producing isolates are extremely 
MDR and revealed a high burden of resistance to cepha-
losporin, penicillins, tetracycline and anti-metabolite 
classes of antibiotics. Thus, to slow the threat of these 
superbugs, treatment of ICU patients has to be guided 
with regular drug susceptibility testing and intensive care 
services should be given in accord with strict infection 
prevention practices. Further, similar studies that include 
identification of ESBL and CP determining genes among 
patients in ICU are recommended in Ethiopia.
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Strengths and Limitations
Findings from this study will be an important touchstone for 
future, larger, studies to explore the distribution of carbape-
nemase and ESBL organisms and associated factors in 
intensive care unit settings. As the present study was based 
on phenotypic detection of ESBL, carbapenemase and 
AMR, some beta-lactamases, carbapenemases and patho-
genic strains might have been missed. Thus, molecular 
characterizations are recommended for future studies.
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