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a b s t r a c t 

Objective: Carbapenemase-producing carbapenem-resistant Enterobacterales (CP-CRE) are usually healthcare as- 

sociated. The aim of this study was to investigate the epidemiology of hospital-acquired CRE and multi-drug- 

resistant infections, and identify associated risk factors in hospitalized patients in Northeast Ethiopia. 

Methods: This cross-sectional study was conducted in patients admitted with sepsis between January and June 

2021. Demographic and clinical data were collected using questionnaires. In total, 384 samples were collected 

and cultured based on source of infection. Bacterial species identification was performed using biochemical tests, 

and drug susceptibility testing was done using the Kirby–Bauer disk diffusion method. The modified carbapenem 

inactivation method was employed for carbapenemase detection. Data were analysed using Statistical Package 

for the Social Sciences. 

Results: The overall rate of CP-CRE infection was 14.6%. Bloodstream infections and urinary tract infections were 

the predominant hospital-acquired infections (HAIs). The majority of CP-CRE were Escherichia coli and Klebsiella 

pneumoniae , and accounted for 4.9%. Chronic underlying disease (adjusted odds ratio (AOR): 7.9, 95% confidence 

interval (CI): 1.9–31.5), number of beds per room (AOR: 11, 95% CI: 1.7–75) and eating raw vegetables (AOR: 

11, 95% CI: 3.4–40) were significantly associated with hospital-acquired CRE infection. 

Conclusions: The rate of CP-CRE infection found in this study is concerning. There is a need for further evaluation 

of risk factors and measures to decrease HAI. Hand hygiene, increased laboratory capacity, improved infection 

prevention measures, and antimicrobial stewardship programmes are needed in healthcare settings to halt the 

transmission of CP-CRE. 
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Enterobacterales are an order of Gram-negative, facultative anaer-

bes and non-spore-forming bacilli that inhabit the gastrointestinal tract

f humans and animals [1–3] . Carbapenem-resistant Enterobacterales

CRE) are an important cause of multi-drug-resistant infections [4] . The

revalence of CRE is increasing globally and becoming a significant

hreat to public health [ 1 , 2 ]. Carbapenemase-producing CRE harbour an

nzyme that inactivates most or all beta-lactam antibiotics, frequently

ncode on mobile genetic elements such as plasmids, and can be trans-

itted between organisms and spread rapidly in healthcare settings [5] .
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Due to extended drug resistance, therapeutic options are limited. The

inimum inhibitory concentration (MIC) values of extended-spectrum

eta-lactams such as cefepime and carbapenems vary depending on the

solate, and these antibiotics may be effective depending on the MIC. In

ddition, newer beta-lactam/beta-lactamase inhibitor and beta-lactam

on-beta-lactam combination antimicrobials can also be active against

P-CRE [6] . 

The major risk factors of CRE acquisition include healthcare expo-

ure and receiving broad-spectrum antibiotics, especially carbapenems

7] . The major risk factors for CRE colonization include underlying co-

orbid conditions, prior antibiotic exposure, prior hospitalization or
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esidence in a long-term care facility, invasive devices, and extended

tay in an intensive care unit (ICU) [8] . 

Patients with CRE colonization or infection can serve as reservoirs.

RE can be transmitted between healthcare personnel, other patients,

amily members and the environment [9] . 

Infection prevention and control (IPC) measures are recommended

o prevent the transmission of CRE by colonized and infected patients.

tandard hand hygiene practices combined with contact precautions,

uch as isolation and use of personal protective equipment (PPE) by

ealthcare personnel, and environmental cleaning can decrease trans-

ission in healthcare settings [10] . The burden of CP-CRE in Ethiopia

s limited due to the lack of surveillance and limited availability of cul-

ure and drug susceptibility testing [11] . 

In 2017, the prevalence of CRE infection at Tikur Anbessa Special-

ze Hospital (TASH) in Addis Ababa was reported to be 12% [12] . A

econd study at TASH in 2018–2019 in adults and children reported

hat the prevalence of CP-CRE in urine specimens was 6.7% [13] . The

anagement of patients with CRE infection and the implementation of

PC measures requires a large amount of resources. This study aimed

o investigate the epidemiology of hospital-acquired CRE infection and

ts associated risk factors in Northeast Ethiopia in order to evaluate the

eed for strengthening laboratory capacity and IPC. 

ethods 

tudy design and setting 

A cross-sectional study was conducted from January to June 2021 at

ebre Berhan Comprehensive Specialized Hospital (DBCSH), Amhara

egion, Northeast Ethiopia. Debre Berhan is located 130 km from Addis

baba. DBCSH was established in 1937, has over 180 beds, and pro-

ides services such as paediatrics, emergency, surgical, medical, gynae-

ology/obstetrics, ICUs, psychiatry, ophthalmology, antiretroviral treat-

ent, microbiological laboratories and other health care. It provides

ealthcare services for more than 2.8 million people in the catchment

rea. Although the hospital has an IPC and antibiotic stewardship pro-

ramme (ASP), they are not yet fully functional. 

All hospitalized patients with suspected bacterial infections who had

een admitted for ≥ 48 h were included in the study. Physicians used

linical parameters such as signs and symptoms, site of primary com-

laint and haematological parameters to identify patients with possible

acterial infection. Patients who were monitored for < 48 h, critically

ll patients, and patients who were unable to provide a specimen were

xcluded from this study. Convenience sampling was used to recruit the

tudy participants. 

emographic and clinical data collection 

Sociodemographic and clinical data were collected from each study

articipant using a structured questionnaire. Checklists were employed

o assess the IPC measures taken in the hospital. Written informed con-

ent was obtained from each adult study participant and each child’s

uardians/parents. For participants who could not read and write, the

equired information was read to them and the consent form was signed

efore data collection. 

pecimen collection, transportation and processing 

Different types of clinical specimens were collected depending on the

ite of infection, such as blood, cerebrospinal fluid (CSF), urine, stool,

ectal swab, sputum, wound swab and ear discharges. Blood samples

ere collected aseptically (70% alcohol):10 mL from adults, 5 mL from

hildren and 2 mL from neonates [14] . 

Freshly voided midstream urine samples (approximately 10 mL)

ere collected using sterile, wide-mouthed, leakproof containers. Each

articipant was given proper instructions regarding how to collect a 3-g
78 
resh stool sample in a sterile, clean cup container. Rectal swabs were

ollected from small children who could not provide a stool sample by

n experienced nurse. A 2-mL sputum sample was collected from each

tudy participant with bacterial respiratory infection symptoms using

 clean, wide-necked, leakproof container. A 5–10-mL CSF sample was

ollected aseptically by a physician using a sterile tube with lumbar or

entricular puncture. Wound swab and ear discharges were collected

sing a sterile cotton tip applicator stick aseptically [14] . All specimens

ere transported to DBCSH Microbiology Laboratory immediately after

ollection for bacterial analysis. 

acterial culture, isolation and identification 

Blood samples were inoculated into tryptic soya broth (TSB), incu-

ated immediately at 35–37 ̊C, and inspected daily for signs of bacterial

rowth. Bacterial growth is evidenced by increased turbidity or colour

hanges. If no growth was detected after 7 days, the blood culture was

eported as negative. If growth was detected, the isolate was subcultured

n blood and MacConkey agar [12] . 

For urine specimens, a 10-μL well-mixed urine sample was inocu-

ated using a calibrated wire loop on to cysteine lactose electrolyte-

eficient agar, and subcultured on to MacConkey agar. Specimens with

ignificant bacteriuria [ ≥ 10 5 colony-forming units (CFU)/mL] were fur-

her processed; specimens with < 10 5 CFU/mL were considered insignif-

cant or due to contamination. 

Stool samples and rectal swabs were inoculated on to MacConkey

gar. All clinical samples were incubated aerobically at 37°C for 18–

4 h [15] . Colonies were sub-cultured on selective media such as eosin

ethylene blue (EMB) and xylose-lysine deoxycholate agar to detect

ignificant bacteria. Pure colonies were collected for bacterial identifi-

ation. All positive cultures were characterized to species level using

olony morphology, Gram staining, and standard biochemical tests in-

luding indole, urease, triple sugar iron, citrate, motility, lysine decar-

oxylase and other tests. 

ntimicrobial susceptibility testing 

Antimicrobial susceptibility testing was performed using the Kirby–

auer disk diffusion method in accordance with the guidelines of the

linical Laboratory Standards Institute [16] . Bacterial inocula were pre-

ared based on 0.5 McFarland standard. A bacterial suspension was

pread over the entire surface of Mueller–Hinton agar, and antimicro-

ial disks were applied to the plate. Drug susceptibility testing of all En-

erobacterales was performed using the disk diffusion method against

mpicillin 10 μg, cefoxitin 30 μg, gentamicin 10 μg, ciprofloxacin 5

g, trimethoprim-sulfamethoxazole 1.25/23.75 μg, imipenem 10 μg,

eropenem 10 μg, amoxicillin-clavulanic acid 20/10 μg, cefotaxime 30

g, ceftazidime 30 μg, ceftriaxone 30 μg, tetracycline 30 μg, cefepime

0 μg and chloramphenicol 30 μg. The inhibition zone was measured

fter incubation at 37°C for 16–18 h, and interpreted as susceptible, in-

ermediate or resistant [16] . 

creening for carbapenemase production 

Enterobacterales were suspected to be carbapenemase producers if

he isolate was resistant to imipenem or meropenem, or if the inhibition

one was ≤ 19 mm for imipenem or meropenem [16] . 

henotypic confirmation of carbapenemase production 

The modified carbapenem inactivation method (mCIM) was used to

etect CP-CRE. Isolates were emulsified into TSB, and a meropenem

isk (10 μg) was added and incubated for 4 h. A McFarland standard

quivalent suspension of a carbapenem-sensitive indicator organism (E.

oli ATCC 25922) was inoculated on to Mueller–Hinton agar, and the

eropenem disk was placed in TSB. After incubation for 24 h at 37°C,
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Figure 1. (A) Carbapenemase-positive (inhi- 

bition zone 8 mm) and (B) carbapenemase- 

negative (inhibition zone 20 mm) Enterobac- 

terales from clinical samples using the mod- 

ified carbapenem inactivation method at De- 

bre Berhan Comprehensive Specialized Hospi- 

tal during the study period. 
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Figure 2. Drug susceptibility levels of carbapenemase-positive and 

carbapenemase-negative Enterobacterales at Debre Berhan Comprehensive Spe- 

cialized Hospital from January to June 2021. IMP, imipenem; MER, meropenem; 

AMC, amoxicillin–clavulanic acid; CTX, cefotaxime; CAZ, ceftazidime; CRO, 

ceftriaxone; TET, tetracycline; FEP, cefepime; C, chloramphenicol; AMP, ampi- 

cillin; FOX, cefoxitin; SXT, trimethoprim-sulfamethoxazole; GEN, gentamicin; 

CIP, ciprofloxacin. 
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he inhibition zone for meropenem was measured. Isolates were consid-

red to be CP-CRE if the inhibition zone was between 6 and 15 mm, or

f colonies were present within 16–18 mm [16] . 

aboratory quality control 

All quality control checks were made before, during and after data

ollection. Standard operating procedures were followed strictly for

pecimen collection, transportation, processing and laboratory analy-

es. Culture media was prepared according to the manufacturer’s in-

tructions, and sterility was checked by incubating 5% of the prepared

edia at 35–37°C overnight with observation for bacteria growth. Vi-

ual inspections of cracks in the media or plastic Petri dishes, unequal

lls, haemolysis, evidence of freezing, bubbles and contamination were

erformed. Reference strains Klebsiella pneumoniae ATCC BAA-1705 and

. pneumoniae ATCC BAA-1706, were used as positive and negative con-

rols for carbapenemase, respectively. 

ata management and analysis 

Data were entered using Epi-Data, and exported to Statistical Pack-

ge for the Social Sciences Version 23 (IBM Corp., Armonk, NY, USA)

or analysis. Descriptive statistics were carried out, and findings were

isplayed using tables and graphs. Binary logistic regression analysis

as used to observe associations between dependent and independent

ariables. Variables with P ≤ 0.2 on bivariate logistic regression analy-

is were further selected for multi-variate logistic regression analysis.

 ≤ 0.05 was considered to indicate statistical significance. 

esults 

emographic and clinical characteristics of study participants 

In total, 384 participants were enrolled in this study. The mean age

f the participants was 22 (standard deviation 19) years, with a range

f 0–75 years. More than half of the study participants were females

 n = 231, 60%) and lived in rural areas ( n = 240, 62.5%). One hundred and

ix participants (27.6%) reported a history of antibiotic use within the

 weeks preceding admission. One hundred and sixty-four participants

ad Enterobacterales infections. Urinary tract infection ( n = 68, 41.5%)

as the most common site of Enterobacterales infection, followed by

loodstream infection ( n = 44, 26.8%) ( Table 1 ). 

pidemiology of CP-CRE infection 

In total, 14.6% (24/164) of Enterobacterales infections were CP-

RE infections. Figure 1 shows carbapenemase producers and non-
79 
arbapenemase producers of Enterobacterales using the modified car-

apenem inactivation method. 

Bloodstream infection was the most common site of CP-CRE infection

 n = 11/24, 45.8%), followed by urinary tract infection ( n = 6/24, 25%),

kin and soft tissue infection ( n = 5/24, 20.8%) and gastrointestinal in-

ection ( n = 2/24, 8.3%). Most CP-CRE isolates were detected in blood

11/24) and urine (6/24) samples ( Table 2 ). 

The predominant CP-CRE isolates were E. coli ( n = 8, 4.9%) and K.

pneumoniae (n = 8, 4.9%). Other CP-CRE Enterobacterales were

Klebsiella oxytoca ( n = 3, 1.8%), Citrobacter koseri ( also called C. di-

vresus) ( n = 2, 1.2%), Providencia stuartii ( n = 2, 1.2%) and Klebsiella

aerogenes ( previously called Enterobacter aerogenes) ( n = 1, 0.6%).

Non-CP Enterobacterales included Morganella morganii, Klebsiella

ozaenae, Enterobacter cloacae, Citrobacter spp . and Citrobacter fre-

undii . 

rug resistance patterns of CP-CRE isolates 

All CP-CRE isolates were multi-drug resistant, with at least one agent

n three or more chemical classes of antibiotics. Among the CP-CRE iso-

ates (carbapenemase-positive), seven, six and four isolates were sus-

eptible to imipenem (4.3%), gentamicin (3.7%) and chloramphenicol

2.4%), respectively ( Figure 2 ). Among the carbapenemase-negative iso-

ates (non-CP-CRE), isolates showed high susceptibility to imipenem
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Table 1 

Demographic and clinical characteristics of patients infected with carbapenemase-producing carbapenem-resistant Enterobacterales (CP-CRE) among the 164 

Enterobacterales infections detected at Debre Berhan Comprehensive Specialized Hospital during the study period. 

Characteristics Enterobacterales infection ( n = 164) 

CRE infection Total ( n , %) 

Yes ( n , %) No ( n , %) 

Site of CRE infection Bloodstream infection 11 (6.7) 33 (20.1) 44 (26.8) 

Urinary tract infection 6 (3.6) 62 (37.8) 68 (41.4) 

Skin and soft tissue 

infection 

5 (3.0) 20 (12.2) 25 (15.2) 

Gastrointestinal infection 2 (1.2) 23 (14) 25 (15.2) 

Pneumonia/respiratory 

tract infection 

- 2 (1.2) 2 (1.2) 

Type of invasive procedures Urinary catheterization 5 (3) 5 (3) 10 (6) 

Surgery 1 (0.6) 4 (2.4) 5 (3) 

Others 1 (0.6) - 1 (0.6) 

No invasive procedures 17 (10.4) 131 (79.9) 148 (90.2) 

Patient’s admission ward Medical 3 (1.8) 35 (21.3) 38 (23.1) 

Surgical 6 (3.6) 18 (11) 24 (14.6) 

Pediatrics 9 (5.5) 36 (21.9) 45 (27.4) 

Neonatal ICU 4 (2.4) 23 (14) 27 (16.5) 

Adult ICU - 5 (3) 5 (3) 

Obstetrics 2 (1.2) 23 (14) 25 (15.2) 

Comorbid conditions Diabetes mellitus 2 (1.2) 6 (3.7) 8 (4.9) 

HIV 2 (1.2) 10 (6.1) 12 (7.3) 

Hypertension - 1 (0.6) 1 (0.6) 

No comorbidities 20 (12.2) 123 (75) 143 (87.2) 

History of antibiotic use within 2 

weeks preceding admission 

Yes 12 (7.3) 57 (34.8) 69 (42.1) 

No 12 (7.3) 83 (50.6) 95 (57.9) 

Sex Male 14 (8.5) 62 (37.8) 76 (46.3) 

Female 10 (6.1) 78 (47.6) 88 (53.7) 

ICU, intensive care unit; HIV, human immunodeficiency virus. 
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73.3%, 120/164), meropenem (70.7%, 116/164), cefoxitin (50.6%,

3/164), and gentamicin (47.6%, 78/164) ( Figure 2 ). 

isk factors for acquisition of hospital-acquired CP-CRE infection 

In bivariate logistic regression, 22 independent variables were con-

idered for analysis; only those variables with P ≤ 0.2 underwent multi-

ariate logistic analysis. Chronic underlying disease (AOR: 7.9, 95% CI:

.9–31.5), number of beds per room (AOR: 11, 95% CI: 1.7–75) and

ating raw vegetables (AOR: 11, 95% CI: 3.4–40) were significantly as-

ociated with acquisition of CP-CRE infection ( Table 3 ). 

iscussion 

Identification of CP-CRE in the study hospital is alarming. Factors

ssociated with transmission and methods to reduce transmission need

o be explored further. 

The finding that bloodstream CRE infection was the dominant HAI is

f concern given the increased morbidity and mortality associated with

acteraemia. Urinary tract infection was the next most common site. A

revious meta-analysis in Ethiopia also found that bloodstream infec-

ion and urinary tract infection were the predominant HAIs [17] . Possi-

le reasons for the increase in HAIs may be due to poor hand hygiene

ractices, low adherence to IPC practices, resource constraints, low im-

lementation of nursing processes and less attention given to HAIs. 

The rate of CP-CRE infection in this study was 14.6% (95% CI: 9.8–

0.7), which is similar to other studies in other parts of Ethiopia. For

xample, studies from Bahir Dar [14] and Addis Ababa [12] reported

PE infection rates of 16.5% and 12.2%, respectively. The rate found

n the present study was higher than other Ethiopian cities, such as Ad-

is Ababa (2.7%) [18] , Arba Minchi (1.43%) [19] and Gondar (2.73%)

20] . Based on the present findings, the study area had poor IPC prac-

ices and a high rate of patient flow in the hospital which may favour the

ransmission of HAIs in the hospital environment and admitted patients.

oreover, a wide variation in prevalence was seen in low-to-middle-

ncome countries (LMICs) such as Sudan (56%) [21] , India (23.0%)
80 
22] , Uganda (22.4%) [23] , India (12.4%) [24] and Morocco (2.8%)

25] . The discrepancy in these findings could be due to differences in

ethodology, local antibiotic prescribing habits, misuse or overuse of

rugs, personal and environmental hygiene, and poor IPC strategies be-

ween healthcare settings. 

The predominant CPE isolates were E. coli and K. pneumoniae . This

nding was supported by a study in India [24] . The majority of CP-CRE

dentified in the hospital were from blood (41.7%) and urine (20.8%)

amples. In addition, a significant number of CP-CRE isolates were de-

ected from patients admitted to the paediatrics ward (37.5%, 9/24),

urgical ward (25%, 6/24) and neonatal ICU (16.7%, 4/24). Another

tudy supported the present finding by reporting that wards and ICU

urfaces are frequently contaminated, and contribute to bacterial cross-

ransmission and patient colonization/infection [26] . The initial step in

ealing with the problem of CP-CRE is identification of colonized and

nfected patients. Early CP-CRE detection is vital in patient care and

anagement, and infection control in order to reduce the escalation of

esistance [27] . Whole-genome sequencing (WGS) can be performed to

dentify phylogenetically linked strains to determine if an outbreak or

ngoing transmission is occurring in the hospital environment. Unfortu-

ately, resource limitations in LMICs may limit the availability of WGS.

The finding that all CP-CRE isolates were multi-drug resistant is

f concern. Urgent implementation of IPC measures is important to

revent transmission. Although molecular techniques are regarded as

he gold standard for detection of carbapenem resistance, this is cost-

rohibitive and difficult to sustain in routine hospital laboratories in

esource-limited countries. Thus, rapid and cost-effective phenotypic de-

ection of CP-CRE is needed to initiate IPC, ASPs and other measures to

ecrease transmission. In Ethiopia, due to lack of equipment and limited

upplies to perform culture, pathogen identification and drug suscepti-

ility testing, empiric treatment is likely initiated prior to obtaining cul-

ures. There are limited antimicrobial therapeutic options for treatment

f CP-CRE, and this may be due to lack of implementation of ASPs in

ospital settings and poor IPC measures such as hand hygiene, minimiz-

ng device use, environmental cleaning and isolation through contact

recautions. 
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Table 2 

Bacterial agents causing carbapenemase-producing carbapenem-resistant Enterobacterales infection found in clinical spec- 

imens at Debre Berhan Comprehensive Specialized Hospital from January to June 2021. 

Bacterial isolate Clinical sample CPE infection ( n = 164) Total 

Yes (n, %) No (n, %) 

E. coli Blood 3 (1.8) 14 (8.5) 17 (10.4) 

Urine 1 (0.6) 30 (18.3) 31 (18.9) 

Wound 4 (2.4) 10 (6.1) 14 (8.5) 

Sputum - 2 (1.2) 2 (1.2) 

Stool - 10 (6.1) 10 (6.1) 

Total 8 (4.9) 66 (40.2) 74 (45.1) 

K. pneumoniae Blood 3 (1.8) 10 (6.1) 13 (7.9) 

Stool 1 (0.6) 2 (1.2) 3 (1.8) 

Urine 4 (2.4) 19 (11.6) 23 (14.0) 

Wound - 8 (4.9) 8 (4.9) 

Total 8 (4.9) 39 (23.8) 47 (28.7) 

K. oxytoca Blood 2 (1.2) 2 (1.2) 4 (2.4) 

Stool 1 (0.6) 2 (1.2) 3 (1.8) 

Total 3 (1.8) 4 (2.4) 7 (4.3) 

C. koseri Wound - 1 (0.6) 1 (0.6) 

Stool - 1 (0.6) 1 (0.6) 

Blood 2 (1.2) 4 (2.4) 6 (3.7) 

Urine - 2 (1.2) 2 (1.2) 

Total 2 (1.2) 8 (4.9) 10 (6.1) 

K. aerogenes Wound 1 (0.6) - 1 (0.6) 

Urine - 3 (1.8) 3 (1.8) 

Stool - 3 (1.8) 3 (1.8) 

Total 1 (0.6) 6 (3.7) 7 (4.3) 

M. morganii Urine - 1 (0.6) 1 (0.6) 

Stool - 1 (0.6) 1 (0.6) 

Total - 2 (1.2) 2 (1.2) 

K. ozaenae Blood - 3 (1.8) 3 (1.8) 

Urine - 1 (0.6) 1 (0.6) 

Total - 4 (2.4) 4 (2.4) 

P. stuartii Urine 1 (0.6) 2 (1.2) 3 (1.8) 

Blood 1 (0.6) - 1 (0.6) 

Stool - 1 (0.6) 1 (0.6) 

Total 2 (1.2) 3 (1.8) 5 (3.0) 

E. cloacae Urine - 4 (2.4) 4 (2.4) 

Stool - 2 (1.2) 2 (1.2) 

Total 6 (3.7) 6 (3.7) 

Citrobacter spp. Wound - 1 (0.6) 1 (0.6) 

C. freundii Stool - 1 (0.6) 1 (0.6) 

Total 24 (14.6) 140 (85.4) 164(100) 

Table 3 

Multi-variate analysis of risk factors for acquisition of hospital-acquired carbapenemase-producing carbapenem-resistant Enterobacterales (CP-CRE) infection at 

Debre Berhan Comprehensive Specialized Hospital from January to June 2021. 

Variables Categories Hospital-acquired CP-CRE infection COR (95% CI) P -value AOR (95% CI) P -value 

Positive n (%) Negative n (%) 

Handwashing before meals Yes 23 (14.0) 112 (68.3) Ref 

No 1 (0.6) 28 (17.1) 5.7 (0.7–44) 0.094 7.9 (0.7–85) 0.088 

Eating raw vegetables Yes 16 (9.8) 17 (10.4) 14 (5.3–38) 0.07 11 (3.4–40) 0.000 a 

No 8 (4.8) 123 (75.0) Ref 

Previous history of invasive procedures Yes 7 (4.3) 11 (6.7) 4.8 (1.6–14) 0.004 0.8 (0.1–4.5) 0.819 

No 17 (10.3) 129 (78.7) Ref 

Chronic underlying disease Yes 12 (7.3) 20 (12.2) 6 (2.3–15.2) 0.000 7.9 (1.9–31.5) 0.003 a 

No 12 (7.3) 120 (73.2) Ref 

Previous history of hospitalization Yes 16 (9.8) 52 (31.7) 3.3 (1.3–8.4) 0.009 2.2 (0.6–8.1) 0.207 

No 8 (4.8) 88 (53.7) Ref 

Number of beds per room 2–4 8 (4.8) 12 (7.3) Ref 

5–8 16 (9.8) 128 (78.0) 5.3 (1.8–15) 0.002 11 (1.7–75) 0.011 a 

Number of patients per room 2–4 13 (7.9) 48 (29.3) Ref 

5–8 11 (6.7) 92 (56.1) 2.2 (0.9–5.4) 0.067 0.4 (0.1–2.3) 0.376 

COR, crude odds ratio; AOR, adjusted odds ratio; CI, confidence interval; Ref, reference. 
a Statistically significant ( P < 0.05). 
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The association found between eating raw vegetables and CRE in-

ection is interesting. A study in Ethiopia indicated that waste water

nvironments (hospital and non-hospital) are a reservoir of antibiotic

esistance and a potential source of novel resistance gene transfers to

athogens [28] . Drug-resistant pathogens including CP-CRE may be
81 
etected in hospital run-off waste waters. In rural communities, wa-

er sources from hospitals may be used for irrigation of fields, and

f vegetables are not washed or cooked properly, the individual may

e consuming drug-resistant bacteria on the raw vegetables. Another

tudy conducted in Arba Minch, a rural community in Ethiopia, also
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howed that eating raw food increased the risk of drug resistance

19] . 

The number of beds per room can be an indicator of overcrowding

nd a risk factor for transmission of drug-resistant bacteria. A study con-

ucted at TASH, a large tertiary referral hospital, also showed that the

umber of beds per room was associated with CP-CRE infection [29] .

he presence of chronic underlying disease was significantly associated

ith acquisition of CP-CRE infection, likely due to increased exposure

o healthcare facilities, increased antibiotic prescriptions and increased

AIs. A study undertaken in China also showed that invasive procedures

nd bed transfers were associated with CRE colonization [30] . 

onclusions 

The identification of CP-CRE infection is of concern. Chronic under-

ying disease, number of beds per room and eating raw vegetables were

ignificantly associated with acquisition of CP-CRE infection. There is a

eed to strengthen laboratory capacity to detect drug-resistant bacteria,

mprove IPC practices to increase hand hygiene to decrease the spread of

rug-resistant bacteria, and implement contact precautions to respond

nd contain drug-resistant pathogens in order to block the transmission

f CRE infection and drug-resistant bacteria in the hospital environment.

n addition, ASPs should be implemented to monitor antimicrobial use

n health facilities. 
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