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Purpose: The Enterobacterales family colonizes the human gut as normal flora in all age groups, with bacterial infections being the 
most common cause. Resistance is currently observed in all normal flora. The aim of this study was to determine the frequency of fecal 
carriage of carbapenem-resistant Enterobacterales (CRE), carbapenemase-producing Enterobacterales (CPE), and associated factors in 
the faeces of admitted patients.
Methods: A cross-sectional study was conducted in Saint Paul’s Hospital Millennium Medical College, Addis Ababa, Ethiopia. 
A total of 384 rectal swabs were collected from various wards in admitted patients who have consented to participate. The specimens 
were inoculated on a MacConkey agar plate, and then they were incubated at 37 °C for 18 to 24 hours. Using the BD PhoenixTM M50 
compact system identification and antimicrobial susceptibility testing were performed. Using the modified carbapenem inactivation 
method, it was determined whether the carbapenem-resistant bacterial isolate produced carbapenemase or not.
Results: Overall prevalence of carbapenem-resistant Enterobacterales carriage and carbapenemase producing Enterobacterales in 
admitted patients was 17.2% (95%, Confidence Interval: 13.3–21.1%) and 7% (95%, Confidence Interval: 4.7–9.9%), respectively. The 
predominate carbapenem-resistant Enterobacterales in fecal carriage was K. pneumoniae, 15.4% (23/149), E. cloacae 15.4% (6/39), 
followed by E. coli 12.4% (37/307) of carbapenem-resistant Enterobacterales (CRE) isolate. Carbapenem-resistant Enterobacterales 
carriage isolates showed large level of resistance to ciprofloxacin, and sulfamethoxazole-trimethoprim. Prior intake of antibiotics 
(Odds Ratio 2.42, 95% CI: 11.186–4.95) was significantly associated with higher carbapenem-resistant Enterobacterales carriage.
Conclusion: We observed a high prevalence of carbapenem-resistant Enterobacterales carriage and carbapenemase-producing 
Enterobacterales among admitted patients. There were only amikacin and colistin that could be effective for carbapenem-resistant 
Enterobacterales isolates. Hence, the control of carbapenem-resistant Enterobacterales carriage should be given priority by carbape-
nem-resistant Enterobacterales screening for fecal of admitted patients, and adhering to good infection prevention practice in hospital 
settings.
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Background
The family of Enterobacterales heavily colonizes the human gut as normal flora in all age groups of the individual, and 
bacterial infection is the most common cause.1 Multidrug resistance, now days, is observed in all normal commensal 
flora.2 The implemented strategies designed work to monitor antibiotic resistance mainly focus on examining pathogenic 
organisms.3 Carbapenem resistance Enterobacterales (CRE) is a bacteria that develops resistance to one or more 
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antimicrobials belonging to carbapenem classes like imipenem, ertapenem, and meropenem using the current CLSI 
breakpoints.4 It was determined to be one of the multidrug-resistant Gram-negative bacteria (MDR-GNB), which have 
limited treatment options and high fatality rates when compared to susceptible strains.5 Know a day’s treatment by 
carbapenems is very common due to the introduction of MDR.6 β-lactams antibiotics like penicillin, cephalosporins, 
carbapenems, and aztreonam are routinely utilized to treat bacterial infection.7

Enterobacterales use two main mechanisms to develop resistance to carbapenems. Non-carbapenemase-producing 
carbapenem-resistant Enterobacterales (via alterations in membrane permeability, development of drug efflux pumps, or 
alterations in antimicrobial target site binding) and carbapenemase-producing carbapenem-resistant Enterobacterales (eg, 
KPC, VIM, and OXA).8

Carbapenem-resistant recently, it has been noted that Enterobacterales is widespread and that it is primarily 
responsible for the synthesis of carbapenemases. These enzymes can confer a high degree of resistance to most β- 
lactam antibiotics, such as cephalosporins and carbapenems.9

It is critical to identify patients who are asymptomatic carriers, since they could act as a source of transmission.10 

Since the gastrointestinal system is the primary CRE reservoir, screening for CRE carriage, stool samples can be used.11 

In a hospital setting without active surveillance tests, gastrointestinal carriage might not be detected.12 To the best of our 
knowledge, there is no study that specifically focuses on CRE-fc patients admitted to hospital settings in Ethiopia, and 
information on the prevalence of CRE-fc in the country is still lacking. However, there are very few reported data on 
CPE.13,14 Therefore, this study is designed to determine the prevalence of carbapenem-resistant Enterobacterales, 
determine the prevalence of carbapenemase-producing Enterobacterales, and associated factors among admitted patients.

Materials and Methods
Study Design, Period, and Setting
A cross-sectional study design was conducted from December to January 2022 at Saint Paul’s Hospital Millennium 
Medical College, Addis Ababa, Ethiopia. In addition to teaching undergraduate and specialty programs, conducting 
research projects, and providing medical specialty services to referred patients, the institution employs more than 2800 
staff members (clinical, academic, administrative, and support). Despite having more than 700 beds available for patients, 
the hospital sees 1200 emergency and outpatient patients every day on average. A Lottery method was conducted to 
select each ward and according to the number of beds, a proportional sample size from each ward was taken: Medical 
Wards (226 patients), Surgical Wards (135 patients), and Intensive Care Units (23 patients). After receiving verbal 
informed consent from all patients, a successive sampling technique was utilized to collect stool and rectal samples from 
patients who had been hospitalized. Structured, previously tested questionnaires were used to collect data on socio- 
demographics and related aspects. Through the assessment of medical records, information about past antibiotic usage 
(over the previous 12 months) was gathered. The Clinical Bacteriology and Mycology National Reference Laboratory of 
the Ethiopian Public Health Institute (EPHI) carried out the laboratory analysis. Since 2016, the laboratory has held 
accreditation from the national accreditation office of Ethiopia.

Variables
Prevalence of carbapenem-resistant Enterobacterales carriage, prevalence of carbapenemase-producing Enterobacterales 
carriage, and antibiotic susceptibility pattern of carbapenem-resistant Enterobacterales carriage were the dependent 
variables, while age, sex, prior intake of antibiotics, previous hospital admission, long hospital stays, hematologic 
malignancy, and indwelling devices were the study’s independent factors.

Inclusion and Exclusion Criteria
All admitted patients for greater than or equal to 48 hours were included in this study. However, patients who were seen 
in the outpatient department, those who were observed in the emergency room for less than 48 hours, and patients who 
were who are less than 18 years old, and patients undergone same-day treatment or surgery during the survey date were 
excluded from this study.
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Bacterial Identification
The identification of bacteria was performed using the BD PhoenixTM M50 automated system, which utilizes a series of 
conventional, chromogenic, and fluorogenic biochemical tests for the identification of the organism at the species-level. 
The ID panels are modifications of the classical methods. These include tests for fermentation, oxidation, degradation, 
and hydrolysis of various substrates. The system utilizes chromogenic and fluorogenic substrates as well as single carbon 
source substrates in the identification of organisms. A maximum of 50 identification and antimicrobial susceptibility test 
can be performed in the BD phoenix M50 instrument at a time using BD phoenix combination panels. A sealed and self- 
inoculating molded polystyrene tray with 136 micro-wells containing dried reagents serves as the BD phoenix dis-
posable. The combination panel includes an identification side with dried substrates for bacterial or yeast identification 
and AST side with varying concentration of antimicrobial agents. To cover different types of reactivity within the range 
of taxa, it uses growth-based and enzymatic substrates. Therefore, bacterial identification is based on microbial utilization 
and degradation of specific substrates detected by various color indicator systems. When the testing bacteria utilize the 
carbohydrate substrate, the pH drops because of acid formation which is indicated by the color indicator (phenol red), in 
addition upon enzymatic hydrolysis of either p-nitroanilide or p-nitrophenyl compounds the chromogenic substrate forms 
a yellow color. Additional tests are also used that can detect the ability of the organism to degrade, hydrolyze, reduce, or 
utilize a substrate. Lastly, results from each substrate were displayed as +, -, V, or X for each reaction, then the organism 
identification was reported with the probability percentage, compared from the Phoenix updated database version 
V6.81A.15

Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing was performed simultaneously with the BD PhoenixTMM50 automated system using 
NMIC/ID-431 combination panels based on the manufacturer’s instructions. The system uses a broth-based micro- 
dilution using a redox indicator solution for the detection of testing bacterial growth in the existence of an antimicrobial 
agent. The AST broth is cation-adjusted (Ca+++ and Mg+++) to optimize susceptibility. Each AST panel configuration 
contains several antimicrobial agents with a wide range of two-fold doubling dilution concentrations. Finally, the MIC 
value of each antibiotic is released and interpreted as susceptible, intermediate, or resistant based on the CLSI.4,15

NMIC/ID-431 panels are formalized in the BD PhoenixTM M50 automated system to determine the susceptibility of 
the clinically relevant aerobic gram-negative rod to the antimicrobial agents; in addition, it indicates resistance markers 
like carbapenemase. This panel is composed of all CLSI recommended antimicrobial agents for Enterobacterales such as 
amikacin, cefepime, ceftazidime, ceftolozane-tazobactam, ciprofloxacin, colistin, gentamicin, imipenem, levofloxacin, 
meropenem, and piperacillin-tazobactam.

Test for Carbapenemase Production
After AST tests, candidate (non-susceptible) isolates having ≥4 µg/mL MIC for imipenem and/or meropenem were 
selected for further carbapenemase production testing (Modified Carbapenem Inactivation Method: mCIM).4 A loop full 
of test CRE isolate was suspended, in two tubes containing 2 mL of tryptic soy broth. Meropenem (MEM: 10 μg, Abtek 
Biologicals Ltd, Liverpool, United Kingdom) disks were submerged in each tube, and the tubes were incubated at 
ambient temperatures for 4 hours ± 15 minutes. Then, the disks were removed from the tubes and placed on Mueller– 
Hinton agar plates upon which a carbapenem-susceptible reporter E. coli ATCC 25922 was freshly applied. Finally, the 
sample was incubated with Mueller–Hinton agar plates at 35 °C ±2 °C in ambient air for 18–24 hours. After incubation, 
a measure of inhibition zone with diameter of 6–15 mm or pinpoint colonies was determined as positive for carbape-
nemase enzyme production; and a zone of inhibition ≥19 mm was considered to be negative for carbapenemase enzyme 
production. The procedure was monitored using Quality Control (QC) strains; K. pneumoniae ATCC BAA-1706 was as 
a negative control and K. pneumoniae ATCC BAA-1705 was as the positive control.4
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Quality Assurance
The questionnaire underwent pre-testing (5%) to ensure its quality in order to safeguard the integrity of the data. On-site 
and daily checks for completeness, accuracy, and clarity were made on the collected data. All culture media were made in 
accordance with the manufacturer’s instructions, and overnight incubation at 35–37°C was used to confirm the sterility. 
The following ATCC control was used to evaluate the performance of culture media: P. mirabilis 12453, E. coli 29212, 
E. faecalis 29212, S. aureus 25923, and S. flexneri, 12022.

According to the manufacturer’s specifications, the phoenix system was validated using standard strains of E. coli 
25922, E. coli 35218, and K. pneumonia, 700603. The above QC strains were also used to check the new lot ID and AST 
panel, and the findings were compared to the listed predicted results for each QC organism on the package inserts to 
confirm acceptable performance of the system.

Data Analysis
Paper-based data was translated to electronic form using the well-designed Open Data Kit (ODK); data cleaning was 
done in Excel, and the data analysis was done using a Statistical Package for Social Science (SPSS) version 26. A simple 
frequency table was used to describe the study population in relation to social-demographic, clinical conditions, and other 
relevant variables. Logistic regression analysis was used to explore associated factors with the prevalence of CRE 
carriage, and multiple logistic regression analysis was also used for p-value <0.025. A P-value of <0.05 was considered 
for statistical significance.

Results
Socio-Demographic Characteristics
A total of 384 inpatients were enrolled in this study. Of this, 95 (24.7%) and 84 (21.9%) of patients were in the age group 
28–30 and 18–27, respectively. Age had a mean of 41 years and a standard deviation of 15.8 years, respectively. The 
majority of the patients were female (59.6%). Most patients (70.6%) had a family size of five or less. The study 
participants' educational status showed that 101 (26.3%) patients are illiterate. The majority of the patients were came 
from outside of Addis Ababa (55.2%) (Table 1).

Table 1 Socio-Demographic Characteristics of Patients

Characteristics Frequency Percent

Age group 18–27 84 21.9
28–37 95 24.7

38–47 79 20.6

48–57 55 14.3
58–67 37 9.6

>68 34 8.9
Gender Male 155 40.4

Female 229 59.6

Family size 1–5 271 70.57
6–9 97 25.26

10–13 16 4.17

Educational level Illiterate/cannot read and write 101 26.31
Literate /able to read and write 30 7.81

Primary 82 21.35

Secondary 99 25.78
College graduate 72 18.75

Place of resident Addis Ababa 172 44.8

Outside of Addis Ababa 212 55.2
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Clinical Conditions of Study Participants
The majority of patients (72.4%) had either exposure to previous antibiotic usage or had taken the antibiotic during the 
study period. About 53% of the study participants have a history of previous hospital visits, and 68% have long hospital 
stay history, which means that they have stayed in the hospital for a minimum of 3–7 days (Table 2).

Fecal Carriage of Carbapenem-Resistant Enterobacterales
The overall prevalence of CRE-fc was 17.2% (66/384; 95% CI: 13.3–21.1%) among hospitalized patients. Among 
several species, CRE-fc was distributed differently. K. pneumoniae had the highest intra-species frequency of CRE-fc at 
15.4% (23/149), followed by E. cloacae at 15.4% (6/39) and E. coli at 12.4% (37/307). The CRE-fc proportion was 
higher among admitted patients in the age groups >68 years 26.5% (9/34). However, there was no difference in the 
number of CRE-fc between males 19.4% (30/155) and females 15.7% (36/229). Patients who have taken antibiotics have 
a higher rate of CRE-fc 20.6% (56/278) (Table 3).

Fecal Carriage of Carbapenemase-Producing Enterobacterales
Of 66 carbapenem-resistant Enterobacterales, CPE was confirmed in 42.4% (28/66) of isolates were CPE. The overall 
prevalence of CPE was 7.3% (28/384; 95% CI: 4.7–9.9%), which constitutes E. cloacae 66.7% (4/6), K. pneumoniae 
52.2% (12/23) and E. coli, 32.4% (12/37). The detection of CPE varied among various types of species of 
Enterobacterales, and the largest intra-species frequency of carbapenemase production was observed among 
E. cloacae 66.7% (4/6) followed by K. pneumoniae 52.2% (12/23) and E. coli 32.4% (37). However, none of the 
other bacteria is producing carbapenemase (Table 4).

Factors Associated with Carbapenem-Resistant Enterobacterales Carriage
Using a pair-wise analysis and multivariable analysis, prior intake of antibiotics was associated with fecal carriage of 
carbapenem-resistant Enterobacteriaceae (CRE-fc). Patients with a prior intake of antibiotics were 2.4 times more likely 
to be CRE-fc than patients with no history of antibiotic intake (AOR = 2.406 (95% CI: 1.169–4.952)). However, there 
was no statistical-significant association found with the other variable (Table 5).

Antimicrobial Susceptibility Profile
The highest resistance level of CRE-fc isolate was recorded for ciprofloxacin (95.5%) and sulfamethoxazole- 
trimethoprim (95.5%), followed by gentamycin (43.9%). However, lower resistance levels were observed against 
amikacin (3%).

Table 2 Clinical Conditions of Study Participants

Characteristics Frequency Percent

Prior intake of antibiotics Yes 278 72.4

No 106 27.6
Previous hospital visit Yes 204 53.1

No 180 46.9

Hospital stays 48 hours 39 10.16
3–7 days 261 67.97

>7 days 84 21.86

Hematologic malignancy Yes 99 25.8
No 285 74.2

Indwelling device Yes 217 56.5

No 167 43.5
Any chronic illness Yes 167 43.5

No 217 56.5
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Escherichia coli showed the highest resistance to ciprofloxacin (97.3%) and sulfamethoxazole-trimethoprim (97.3%) 
the same result was seen in K. pneumoniae which observed against ciprofloxacin (95.7%) followed by sulfamethoxazole- 
trimethoprim (91.3%). However, low resistance levels were detected in colistin (16.7%) and amikacin, which do not 
recordresistance level (Table 6).

Discussion
The gastrointestinal system is populated by a variety of typical flora, and it can translocate into a sterile region and serve 
as a reservoir for bacteria resistant to antibiotics.16 CRE has successfully spread worldwide over in recent decades, and 
the nature of the presence of carbapenemase enzymes on plasmids may promote the spread of certain bacterial species 
and contribute to the endemic nature of CRE in medical facilities.17 Additionally, inadequate sanitation and hygiene in 
the community may have facilitated the spread of CRE.18

Table 4 Fecal Carriage of Carbapenemase-Producing Enterobacterales 
Among Admitted Patients

Enterobacteriaceae No Isolate CRE N=66 CPE N=28

E. coli 307 37 12 (32.4%)

K. pneumoniae 149 23 12 (52.2%)
E. cloacae 39 6 4 (66.7%)

Others 16 0 0

Total 511 66 28

Notes: Klebsiella oxytoca, Citrobacter freundii, Proteus mirabilis, Shigella boydii, and Salmonella 
Typhi.

Table 3 Fecal Carriage of Carbapenem-Resistance Enterobacterales Carriage Among Admitted 
Patients

Characteristics N=384 CRE

Negative N=318  
n (%)

Positive N=66  
N (%)

Age 18–27 84(21.88) 65(77.4) 19(22.6)

28–37 95(24.74) 79(83.2) 16(16.8)

38–47 79(20.57) 71(89.9) 8(10.1)
47–57 55(14.32) 49(89.1) 6(10.9)

58–67 37(9.64) 29(78.4) 8(21.6)

>68 34(8.85) 25(73.5) 9(26.5)
Sex Male 155(40.36) 125(80.6) 30(19.4)

Female 229(59.64) 193(84.3) 36(15.7)

Prior intake of antibiotics Yes 278(72.4) 222(79.9) 56(20.6)
No 106(27.6) 96(90.6) 10(9.4)

Hospital visit Yes 180(46.88) 147(81.7) 33(18.3)

No 204(53.12) 171(83.8) 33(16.2)
Long hospital stays 48 hours 39(10.16) 29(74.4) 10(25.6)

3–7 days 261(67.97) 222(85.1) 39(14.9)

> 7 days 84(21.87) 67(79.8) 17(20.2)
Indwelling Device Yes 217(56.51) 175(80.6) 42(19.4)

No 167(43.49) 143(80.6) 24(14.4)

Chronic Illness Yes 167(43.49) 133(79.6) 34(20.4)
No 217(56.51) 185(85.3) 32(14.7)

Transfer from other hospitals Yes 314(81.77) 259(82.5) 55(17.5)

No 70(18.23) 59(84.3) 11(15.7)
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In different studies around the world, CRE carriage rate in fecal specimen varies from country to country.19–21 As far 
as we are aware, there is no substantial information presented on the fecal carriage of CRE among admitted patients in 
Ethiopia, especially in hospital setting from hospital perspective. In the current study, the frequency of CRE-fc was 
17.2% (66/384; 95% CI: 13.3–21.1%) which is higher than the report by previous researchers in Cape Town, South 
Africa (0.5%),22 Shanghai (8.6%),23 and New York City (5.4%).12 Irrational use of antibiotics, poor hygienic practices, 
and hospital settings may contribute to high CRE-fc reports. On the other hand hospitals could report low CRE carriage if 
they implemented a good infection prevention and control strategy. However, due to limited resources, infection control, 
screening, and contact isolation of patients carrying CRE are typically difficult in impoverished countries. The finding of 
this study was similar to studies in Khartoum (17.3%),24 India (18.1–21%),25,26, and Mexican Tertiary Care Hospital 
(16.6%).27

The prevalence of CRE in the current study is lower than the study by Solgi et al (37.9%),28 Kotb et al (47.9%).29 The 
high occurrence of the above studies may be due to the laboratory method they used, reporting multiple CRE isolates in 
the same patients and uncontrolled antibiotics may contribute. This report is also lower than the report in Port Harcourt 
Teaching Hospital, Nigeria (45.6%).30 In Nigeria, most drugs are available over the country without prescription by 
qualified medical personnel.31 Further self-medication is common in this country.32

Table 5 The Associated Factor for Fecal Carriage Carbapenem-Resistant Enterobacterales Among Admitted Patients

Variables (Number) CRE (%) COR (95% COR) P value AOR (95% AOR) P value

Gender
Male (155) 30(19.4) 1.287(0.75–2.19) 0.355

Female (229) 36(15.7) Ref*

Age group
18–27(84) 19(22.6) Ref* 0.143

28–37(95) 16 (16.8) 0.693(0.330–1.455) 0.332

38–47(79) 8(10.1) 0.385(0.158–0.941) 0.066
48–57(55) 6(10.9) 0.419(0.156–1.127) 0.085

58–67(37) 8 (21.6) 0.944(0.371–2.404) 0.903
>68(34) 9(26.5) 1.232(0.492–3.083) 0.656

Prior intake of Antibiotics 56(20.6) 2.42(1.186–4.95) 0.015 2.406(1.169–4.952) 0.017**

Hospital visit 33(18.3) 1.16(0.68–1.97) 0.57
Long hospital stays
48 hours (39) 10(25.6) Ref* 1.86

3–7 days (261) 39(14.9) 0.509(0.230–1.128) 0.96
> 7 days (67) 17(20.2) 0.736(0.301–1.800) 0.501

Indwelling Device 42(19.4) 1.43(0.83–2.47) 0.201

Chronic Illness 34(20.4) 1.48(0.87–2.52) 0.15
Transfer from other hospitals 55(17.52) 1.14(0.56–2.34) 0.72

Notes: *Reference. **There is a statistically significant association between the variables and CRE-fc Prevalence.

Table 6 Antimicrobial Resistance Pattern of Fecal Carriage Carbapenem-Resistant Enterobacterales

Tested Antibiotics Number (n (%))

Isolate (Number) AMK CPR CO GEN TIG SXT

E. coli (n=37) 1(2.7) 36(97.3) 4(10.8) 9(24.3) 3(8.1) 36(97.3)

K. pneumoniae (n=23) 1(4.3) 22(95.7) 0(0.0) 14(16.9) 5(21.7) 21(91.3)
E. cloacae (n=6) 0(0.0) 5(83.3) 1(16.7) 6(100) 2(33.3) 6(100)

Total Resistance (N=66) 2(3.0) 63(95.5) 5(7.6) 29(43.9) 10(15.2) 63(95.5)

Abbreviations: AMK, Amikacin; CPR, Ciprofloxacin; CO, Colistin; GEN, Gentamycin; TIG, Tigecycline; SXT, Sulfamethoxazole- 
trimethoprim.
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The higher proportion of CRE isolates in this study was found among K. pneumoniae 15.4% (23/149) followed by 
E. cloacae 15.4% (6/39) and E. coli 12.4% (37/307), is in agreement with studies done in Zhejiang Province, China 
hospital,33 and Iran.28

Carbapenemase enzymes reportedly were identified in Enterobacterales for the last ten years, and it is showing an 
increment.33 Due to this, CPE is an emerging threat to healthcare, because of its resistance to many common 
antibiotics.34,35 In the present study, the prevalence of CPE was 7.3% (28/384; 95% CI: 4.7–9.9%), which is greater 
than the prevalence reported by other researchers in China (2.6%) and36 France (2.4%).20 The prolonged hospital stays in 
this study compared those contraries, which predispose the patients to higher antibiotic exposure, colonization by 
carbapenemase-producing bacteria, and the infectious environment of the hospital, which may be responsible for the 
high report rate.

In this study, CPE was predominately found among E. cloacae 66.7% (4/6) followed by K. pneumoniae 52.2% (12/ 
23) and E. coli 32.4%, which is in close agreement with studies done in Zhejiang (E. aerogenes 51.8%, E. coli 32.1%); 
however, this result is not comparable with other studies which were shown in China (K. pneumonia 65.4%, E. coli 
23.08%, and C. freundii 3.85%). This variation may be due to the difference in the environmental conditions, health 
practice, patient conditions, laboratory method, and level of personal hygiene.

Different studies reported different results related to the association of independent variables with CRE.25,37,38 In the 
present study, prior intake of antibiotics (P = 0.017) is associated with CRE carriage, which is comparable to a study 
conducted in New York City37 and Brazil.39 However, the study conducted in Chinese36 did not find a significant 
statistical association with CRE carriage. These variations may be due to the sample size difference, and regional 
disparity. This study’s findings showed that there was no relationship between age and CRE carriage, which is similar to 
a study in New York City21 and Mexico City.27 Our research revealed no association between gender and CRE carriers. 
The present study showed that previous chronic illness has no significant association with CRE carriage, which is in line 
with a study done in Spain40 and Turkey.41 Nevertheless, it is unlikely very few reports that indicate having a chronic 
illness is an associated factor with CRE carrier.27,42

This variation is due to the type of drug used for treating different diseases being different and the study population. 
Additional possible expiation for this variation may be due to the species of Enterobacterales and the resistance mechanism.43,44

High resistance was found in the current study to ciprofloxacin (95.5%), sulfamethoxazole-trimethoprim (95.5%), and 
gentamycin (43.9%). The results of this study were in line with the findings of studies conducted in Rawalpindi, 
Pakistan,9 and Xiangya, China.19 A unique resistant mechanism or a combination of more than one mechanism may 
be to blame for the high resistance of CRE carriers to antibiotics. To brief, few CRE develop resistance by non- 
carbapenemase carbapenem resistance mechanism, which is mediated by specific point mutations (development of drug 
efflux pumps via alterations in membrane permeability or alterations in antimicrobial target site binding) and due to the 
production of the enzymes (carbapenemase) or mediated both mechanisms.45,46

The resistance level of E. coli to ciprofloxacin (85.7%) and gentamycin (42.9%) in our study was concordant with 
a study done in Xiangya, China.19 However, it was greater than a study conducted in Pakistan on (sulfamethoxazole- 
trimethoprim 67.0%, ciprofloxacin 57.0%, tigecycline 0.0%, Colistin 0.0%, and meropenem 44.0%) but other antibiotics 
show a greater resistance when compared to our report on gentamycin (43.9%), and amikacin (3.0%).47 These findings 
may be explained by variances in the selection of antibiotics from various classes or by variations in the rational 
application of antibiotics in clinical settings.

In K. pneumoniae, the highest level of resistance was observed against ciprofloxacin (95.7%), sulfamethoxazole- 
trimethoprim (91.3%), and tigecycline (21.7%) but low resistance to gentamycin (16.9%), amikacin (4.3%), and colistin. 
The outcomes of this study were consistent with the findings of Xiangya.19 But ciprofloxacin (14.3%) shows a low resistance 
level when compared to our findings. The reason for this discrepancy could be due to the unnecessary prescription of this drug, 
different study settings, and variances in the characteristics of the various carbapenemase types and patient conditions.

In the present study, E. cloacae shows high resistance for sulfamethoxazole-trimethoprim (100%), gentamycin 
(100.0%), and ciprofloxacin (83.3%). Relatively lower resistance was shown in tigecycline (33.0%). This is concordant 
with a study done in Pakistan: sulfamethoxazole-trimethoprim (95.0%), gentamycin (76.0%), ciprofloxacin (90.0%) but 
in this study no resistance level of tigecycline was reported.47 The misuse, and overuse, of antibiotics and lack of 
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infection control practices may contribute to the increasing CRE resistance to antibiotics.48 Relatively tigecycline and 
colistin were also found to be sensitive in this study and as it is reported by other studies.49,50 Due to the availability of 
this medication at neighborhood pharmacies, doctors may not be able to prescribe it, which may account for the low 
resistance to tigecycline and colistin. Tigecycline and colistin are currently not available in public hospitals in Ethiopia, 
which poses a great challenge for further patient management.

Conclusion
High prevalence was reported in this study of CRE (17.2%) and CPE (7.3%), carriage among admitted patients. There 
was also a high level of resistance to ciprofloxacin and sulfamethoxazole-trimethoprim. However, amikacin and colistin 
were effective against the majority of CRE isolates. This report also demonstrated that patients who have taken 
antibiotics before had a significant association with CRE-fc. This indicates that prior intake of antibiotics plays 
a major role in a high level of drug resistance and CRE carriage. However, this is a single study and they may need 
a variety of studies at the national level, especially in the association factor.
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