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Background: The emergence of extended spectrum beta lactamase and carbapenemase production of Acinetobacter and
Pseudomonas aeruginosa is a great concern and major cause of nosocomial infections due to its ability to production of extended
spectrum beta lactamase and carbapenemase enzymes.
Objective: To assess Emergence of high prevalence of extended-spectrum beta-lactamase and Carbapenemase producing
Acinetobacter species and Pseudomonas aeruginosa among hospitalized patients at Dessie Comprehensive Specialized Hospital,
North-East Ethiopia.
Materials and Methods: A hospital-based cross-sectional study was conducted from February–August 2021 at Dessie Referral
Hospital in the North eastern Ethiopia. A total of 423 clinical samples taken from admitted patients. Clinical specimens were collected
aseptically and inoculated on blood agar and MacConkey agar media. Antimicrobial susceptibility test, ESBL and carbapenemase
production were performed as CLSI guideline. The data were entered into the Epi-data and imported to Statistical Package for Social
Science version 25. P value of <0.05 with odds ratio and 95% confidence interval was considered as statistically significant.
Results: Out of 423 clinical specimens 17.7% (75/423) were culture positive nosocomial infection. The proportions of nosocomial
infection were higher in blood stream followed by wound infection which accounted 24.6%, 20.8%, respectively. Overall, 32/75
(42.7%) and 19/75 (25.3%) patients had infection with ESBL and CP producing bacterial infection. P. aeruginosa was the most
predominant isolated bacteria 46/75 (52.9%). The overall multidrug resistance rate of the isolated bacteria was 88% (66/75). The
majority of highest resistance rate was Piperacillin tazobactam 50 (66.7%) and Aztreonam 26 (56.5%), respectively, while least
resistance rate was Amikacin 27 (36%).
Conclusion: The incidence rates of ESBL, carbapenemase production and antimicrobial resistant Acinetobacter species and
P. aeruginosa infections are high. Therefore, treatment should be based on culture and antimicrobial test result and minimize the
use of antibiotics empirically.
Keywords: nosocomial infections, extended-spectrum beta-lactamase, carbapenemase, Acinetobacter, Pseudomonas aeruginosa, drug
resistance

Background
Antimicrobial resistance is frequent and has risen in Pseudomonas aeruginosa (P. aeruginosa) and Acinetobacter
baumannii (A. baumannii) throughout the years, with a number of strains becoming resistant to frequently prescribed
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antibiotics. Due to multidrug resistant, carbapenemase and extended spectrum beta-lactamases (ESBLs) production
treating infections caused by these organisms is difficult and expensive.1 P. aeruginosa has recently emerged as one of
the Gram-negative bacteria with the highest carbapenem resistance. With the exception of aztreonam, it can breakdown
beta-lactam antibiotics, including penicillins, cephalosporins, and carbapenems.2 It is difficult to treat infections caused
by Pseudomonas spp that produce ESBLs, multidrug-resistant and overexpress chromosomal AmpC-lactamases.3

Carbapenems became increasingly important for treating life-threatening infections related to recent medical proce-
dures and practices, such as transplantation, intensive care unit admission, and highly technical surgery as a result of the
extensive occurrence of community-acquired bacterial isolates capable of hydrolyzing nearly all beta-lactam antibiotics
except carbapenems.3,4 The development of carbapenemase has been linked to the later emergence of carbapenem
resistance. However, because many countries around the world do not disclose antibiotic susceptibility rates, the true
incidence of carbapenemase-producing bacterial strains is unknown.5

P. aeruginosa and Acinetobacter spp., both are multidrug resistant and causes of health-care-associated illnesses
around the world. Carbapenems are effective against diseases caused by multidrug resistant Pseudomonas and
Acinetobacter species.6,7 Both Acinetobacter species and P. aeruginosa have established resistance to a wide range of
antimicrobial drugs. Additionally, in developed countries with high levels of knowledge and strong nosocomial infection
surveillance, it established high carbapenem resistance infection. Carbapenems, on the other hand, are still the first-line
treatment for Acinetobacter and P. aeruginosa infections.8,9

Hospital acquired infections are common admitted patients in the intensive care unit (ICU) and immunocompromised
those who are not admitted. Following trauma, urinary catheters, mechanical ventilators, and venous blood collection
nosocomial infection of wound, urinary tract, lower respiratory tract and blood stream are common to Acinetobacter
species and P. aeruginosa. Duration of hospital stays may increase the chance of infections and death during
admission.10

Carbapenem-resistant P. aeruginosa and Acinetobacter baumannii were among the World Health Organization’s
2017–2018 global priority list of pathogens, which indicated that these bacteria have become one of the global
problems.11 These organisms became resistant to wide range of antibiotic which makes them a risk in the hospital
setting, intermittent outbreaks and has posed considerable issues for healthcare management around the world.12

As a result, infections caused by Acinetobacter and P. aeruginosa are becoming a major public health concern in both
hospital and community-acquired diseases. There are limited data in Ethiopia, especially in the study area. Therefore,
a study on ESBL and carbapenemase production in Acinetobacter and P. aeruginosa among patients is critical to collect
baseline data, in order to guide local empirical therapy, create local infection control programs, and develop antibiotic
prescription procedures for various illnesses. Thus, the goal of this investigation was to see the magnitude of ESBL and
CP Acinetobacter and P. aeruginosa isolated from patients presumptive for different bacterial infections.

Materials and Methods
Study Design, Period, and Setting
A hospital-based cross-sectional study was done from February to August 2021 at Dessie Comprehensive Specialized
Hospital, North-eastern Ethiopia. Dessie Comprehensive Specialized Hospital (DCSH) is a tertiary level hospital that
serves more than 12 million people with referral health treatment. It contains over 600 beds in medical, surgical,
orthopedic, and pediatric departments, as well as adult and neonatal intensive care units, with an average of 600 health
professionals on staff. The hospital sees 650 patients per day in several outpatient departments (OPDs), including adult,
pediatric, emergency, TB, and HIV. Every month, about 900 patients were admitted.

Study Population
During the study period, the source population was all hospital admitted patients. Patients who were clinically
presumptive for various nosocomial infections were included in the study. The research consisted patients who had
been admitted for more than 48 hours and had clinical evidence of nosocomial wound infections, bloodstream infections,
lung infections, or urinary tract infections.
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Inclusion and Exclusion Criteria
The study included patients of all ages and genders who had been admitted for more than 48 hours and were suspected of
having a nosocomial infection (such as wound infections, bloodstream infections, respiratory and urinary tract infec-
tions). Patients in a coma or shock, as well as those who did not provide complete data and acceptable specimens, as well
as those who had insufficient volume of all specimens, were all omitted.

Variables
Prevalence of Acinetobacter species and Pseudomonas aeruginosa, their ESBL and carbapenemase production and
multi-drug resistance patterns were dependent variables, whereas socio demographic characteristics like (age, sex,
educational back ground, occupation, residence), patient admission area (Ward), history of previous admission, invasive
or surgical procedures, extended hospital stay, history of prolonged exposure to antibiotics, number of drugs previously
used and Chronic diseases were independent variables.

Sample Size Determination and Sampling Technique
The sample size was computed by using a single population proportion with prevalence of extended spectrum beta-lactamase
(24.8%) taken from previous study conducted in Felege Hiwot Referral Hospital Ethiopia.13 Thus, the total sample size was
obtained to be 235. But to decrease the chance of error, we included 423 hospitalized patients who clinically suspected of
nosocomial bloodstream, wound, respiratory, and urinary tract infections were enrolled consecutively.

Data Collection
Patients admitted to different wards were evaluated for the development of the surgical site, urinary tract, lower
respiratory tract and bloodstream NI by internists and surgeons followed prospectively according to the European
Centre for Disease Prevention and Control criteria.14 Data on demographic characteristics of study participants and
potential risk factors gathered through face-to-face interviews using a structured questionnaire, complemented with
a review of patients’ medical records and chart review. In the case of children, the guardian/caregiver was interviewed.
As soon as NI was suspected, clinical specimens such as sputum, urine, blood, and wound swabs were obtained.
A separate data collection spreadsheet was used to record the isolates’ antimicrobial susceptibility testing results, as well
as their ESBL and CP profiles.

Specimen Collection and Processing
All required specimens were collected from study participants in leak-proof containers using normal microbiological
techniques.15

Wound/Pus Sample
Following Levine’s technique, purulent exudates, pus, and discharges were collected aseptically from the depth of the
incision with a syringe or sterile cotton swabs dipped in normal saline.16 The cotton swab was inserted into a tube of
Brain Heart Infusion transport medium and transferred within 30 minutes for all obtained specimens.15

Blood Sample
Aseptically collected ten milliliters of venous whole blood from adults, five milliliters from children, and two milliliters
from neonates. Each patient’s samples were taken in duplicate from a separate location within a 30-minute time frame.
The blood was immediately added to 5–10 mL of tryptic soy broth and incubated at 37°C. The inoculated broth was
incubated aerobically at 35–37°C overnight and inspected daily for bacterial growth. Gram staining of blood culture
bottles revealed obvious growth, followed by sub-culturing onto MAC agar and BA plate incubated aerobically at 35–
37°C for 24 hours and examination for bacterial growth. The tryptic soy broth was subsequently cultured for 7 days after
no growths were noticed before being reported as negative.15,17
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Urine Sample
Using a calibrated wire loop, 0.001mL of a freshly voided midstream urine sample was inoculated into Cysteine Lactose
Electrolyte Deficient Medium (HiMediaTM). Inoculated plates were incubated for 24 hours at 37°C. Colonies on blood
agar were counted, and substantial bacteriuria was confirmed using a colony counter. Cultures from catheterized and
non-catheterized patients that grew ≥102 CFU/mL and ≥105 CFU/mL, respectively, were taken as significant bacteriuria
and processed further (significant bacteriuria) from CLED (HiMediaTM) medium were then sub-cultured into
MacConkey agar (MAC) (HiMediaTM) and Blood agar (BA) plates (HiMediaTM), and then incubated at 37°C for 24
hr under.17,18

Sputum Sample
About 2mL purulent sputum was collected with a sterile wide-mouth container after the patients were momentarily
instructed to rinse their mouths with water. Microbiological methods were not used on sputum specimens that had a lot of
watery saliva. The sputum was smeared and analyzed right away to see if it was suitable for culture. Specimens with
more than 25 polymorphonuclear leukocytes and less than 10 epithelial cells were inoculated into MAC agar and BA
plates and incubated for 24 hours at 37°C.17,19

Identification of Bacterial Isolates
For biochemical and antimicrobial susceptibility test, positive growth on Blood agar and MacConkey agar (HiMediaTM)
were subcultured onto Nutrient agar (HiMediaTM). In general, or identification of bacterial isolates, colony character-
istics, TSI (glucose and lactose non fermenter), pigment production on culture media, motility, oxidase and catalase test,
LDC and indole test biochemical test were used. Additionally, species that were difficult to differentiate were confirmed
by automated Vitek 2 Compact.19

Antimicrobial Susceptibility Test
Antimicrobial susceptibility to all identified bacterial isolates was performed using Kirby-Bauer disk diffusion method
based on the Clinical and Laboratory Standards Institute (CLSI2020). To prepare bacterial inoculums corresponding to
the 0.5 McFarland turbidity standard, 3–5 Pure culture colonies of 24-hour growth were suspended in a tube with 4mL of
physiological saline. The colony suspension was equally inoculated onto Muller–Hinton agar (HiMediaTM, India) with
a sterile cotton swab, and the antibiotic discs were then placed on MHA plates. Antibacterial Medicines were chosen
based on CLSI recommendations and local prescription habits. The standard antibiotic discs (Oxoid) and concentrations
used for Acinetobacter species are as follows: Ceftazidime (30μg), Ciprofloxacin (5μg), Gentamicin (10μg), Meropenem
(10μg), Amikacin (30μg) Piperacillin-tazobactam (100/10μg), Cefotaxime (30μg), Trimethoprim-sulfamethoxazole
(1.25/23.75μg), Tetracycline (30μg). The antibiotics discs and concentrations used for Pseudomonas aeruginosa are as
follows: Piperacillin-tazobactam (100/10-g), Ceftazidime (30-g), Meropenem (10-g), Gentamicin (10-g) Amikacin (30-
g), Ciprofloxacin (5-g), Aztreonam (30-g) [CLSI2020]. The plates were then incubated at 37°C for 16–18 hours. A digital
caliper was used to measure the sizes of the zones of inhibition surrounding the disks. The antimicrobial susceptibility
test findings were classified as sensitive, moderate, or resistant depending on the results CLSI2020.20

Screening and Confirmation for ESBL Production
The thicknesses of zones of inhibition produced by either ceftazidime (30 µg g) or cefotaxime (30 µg) on the
antimicrobial susceptibility test on MHA were measured according to CLSI standards for first screening for ESBL.
The criteria for ceftazidime and cefotaxime that indicated suspicion of ESBL formation were ≤ 22mm and ≤ 27mm,
respectively. Afterward initial screening, ESBL production was confirmed by combined disk approach based on CLSI
guidelines.20 The organism to be tested was uniformly seeded onto Mueller–Hinton Agar plate. For phenotypic
confirmation of the existence of ESBLs, ceftazidime (30µg) and cefotaxime (30 µg) disks alone and in combination
with clavulanic acid (30 µg/10) were used at the same time. These four discs were placed 25 mm apart on a Muller
Hinton agar plate inoculated with 0.5 McFarland turbidity standards bacterial suspension and incubated overnight (24
hrs) at 3737 C. A 5mm increase in the diameter of the zone of inhibition for either the ceftazidime-clavulanate or
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cefotaxime-clavulanate disk combination over the zone diameter of the respective cephalosporin disks alone was
considered positive, and the isolate was classified as an ESBL producer.20

Phenotypic Detection of Carbapenemase Production
On the other hand, all Acetobacter species and Pseudomonas aeruginosa that shows resistance for imipenem or
meropenem or zone of inhibition ≤ 19mm for imipenem or meropenem will be suspicious as Carbapenemase producer.
Acetobacter species and Pseudomonas aeruginosa isolates that were susceptible to meropenem were checked for the
occurrence of carbapenemase using modified carbapenem inactivation method (mCIM) based on CLSI guideline.20 It
was carried out using the Modified Hodge Test (MHT), in which a Mueller–Hinton agar plate was inoculated with a 1:10
dilution of a 0.5 densitometer standardized suspension of over-night sub-cultured E. coli ATCC 25922 and streaked for
confluent growth using a swab, and the meropenem-susceptible strain showed no or limited growth inhibition (E. coli
ATCC 25922) CLSI recommendation.20

Quality Assurance
Questionnaire that has been pre-tested for data collection on socio-demographic traits and associated factors, a guided
interview was employed. The questionnaire was pretested on 5% admitted patients those developing infection at Boru Meda
hospital. During and after data collection, the data was reviewed for completeness and proper recording on the worksheet.
Quality control procedures were rigorously followed for all laboratory experiments. The sterility of the media was tested
overnight by incubating 5% of the batch at 35–37 °C. Before using the media, reagents, and antibiotic disks, the expiration
dates were checked. The American Type Culture Collection (ATCC) reference strains of E. coli (ATCC 25922) and
P. aeruginosa (ATCC 27853) were used as quality control throughout the study to check the abilities of the prepared
media supporting bacterial growth for culture and antimicrobial susceptibility testing. The quality of Muller Hinton agar for
antimicrobial susceptibility test was checked by enterococcus faecalis ATCC29212. For ESBL detection, E. coli ATCC
25922 and K. pneumoniae ATCC 700603 were employed as positive and negative controls, respectively. Klebsiella
pneumoniae ATCC BAA1705 and K. pneumoniae ATCC BAA1706 were used as positive and negative quality control
strains for carbapenemase detection, respectively. The results were interpreted in accordance with the CLSI guidelines.20

Data Analysis
Every day, the data were input into Epi-data version 4.0.0.6, then imported and analyzed using the Statistical Package for
Social Science (SPSS) version 25.0 (IBM USA). To show the frequency of demographic parameters, the volume of
nosocomial infections, and drug resistance profiles, descriptive statistics were calculated and summarized in graphs and
tables. Logistic regression was used to show the association of different variables with the dependent variable. Uni-
variate and multi-variate analyses were computed to identify factors that are independently influenced the occurrence of
dependent variables. Odds ratio (OR) and 95% confidence intervals (CIs) were calculated to measure the strength of the
association. P value of <0.05 was considered as statistically significant.

Ethics Approval and Consent to Participate
The study protocol was approved by the Review Board of College of Medicine and Health Sciences, Wollo University, and
ethical clearance was obtained with approval number CMHS/MLS-05/009/2013. All laboratory experiments were conducted
out in accordance with the relevant rules and legislation. Before collecting data, Amhara Public Health Institute and DCSH
provided consent letters. Furthermore, each participant’s written informed agreement was obtained prior to the start of the
study. In order to acquire information from youngsters and individuals who are unable to offer data, written agreement and
consent forms were also obtained from parents and surrogates. By providing only codes for questionnaires, subject
confidentiality was maintained. Participants who tested positive for the infection were referred to a doctor for treatment and
any additional care that was required. Furthermore, this research was carried out in compliance with the Helsinki Declaration.
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Results
Socio-Demographic and Clinical Characteristics of Study Participants
The study included 423 patients with clinical signs of nosocomial infection from various locations. Males comprise the
majority of the study participants which accounted 226 (53.4%). The age of the study participants ranged from 0 to 90
years with a median age of 33 years. Moreover, majority 257 (60.8%) of the participants were rural dwellers. About
174 (41.13%) of the participants were illiterate in educational status. About 150 (35.5%) study participants were
merchant and daily laborer occupation. Clinical profiles of study participants showed that majority of them were from
medical wards 179 (42.3%). About 293 (69.9%) of study participants had no history of previous admission and 149
(35.22%) of participants had underlying chronic disease. However, majority of participants 284 (67.1%) had taken
different types of antimicrobials previously and 278 (65.7%) participants utilized IV cannula during their medication
(Table 1).

Nosocomial Infection Rate
As Figure 1 shows 423 clinical samples were collected. Of them patients 75/423 (17.7%) were culture positive
nosocomial infection. The proportions of culture confirmed blood stream, urinary tract, wound infection and LRTI
were 24.6%, 13.6%, 20.8% and 10%, respectively. The proportion of nosocomial infection was 45 (19.9%) for male vs
female 20 (15.2%) for out-patients. The proportion of nosocomial infection was significantly higher among rural than
urban dwellers 51 (19.8%) Vs 24 (14.5%). Patients who had chronic diseases had higher percentages 32 (21.7%) of
infection than the counter 43 (15.7%). Similarly, patients who were previously admitted to hospital had higher proportion
25 (19.2%) of nosocomial infection than the counter (Table 1).

Prevalence of β-Lactamase Infection
Overall, 32/75 (42.7%) and 19/75 (25.3%) patients had infection with ESBL and CP producing bacterial infection.
The percentage of ESBL producing bacterial infection in blood stream, urinary tract, wound infection, and pneumonia
from the total isolated bacterial was 50%, 57.9%, 51.4%, and 40%, respectively. The proportion of CP production in
blood stream, urinary tract, wound infection and LRT was 18.8%, 22.1%, 22.9% and 25%, correspondingly (Table 2).

Proportion of Bacterial Isolates
Overall, P. aeruginosa was the most common 46/75 (52.9%) isolate vs Acinetobacter species. 29/75 (18.5%) but from the
total blood culture. Total of 75 bacterial pathogens were isolated clinical specimens. In urine, the overall culture
positivity rate (Acinetobacter spp. and Pseudomonas aeruginosa) of participants was 13.6% (19/140). The proportion
of Pseudomonas aeruginosa in blood stream infection was high 75%. However, in wound/pus with higher proportion of
Acinetobacter spp. was isolated 51.4% (Table 2).

ESBL and Carbapenemase Production Profiles of the Isolates
As shown in Table 3, overall, 32 (42.7%) of the bacterial isolates were ESBL producers. Among them, 20 (43.4%) of
Pseudomonas aeruginosa and 12 (41.3%) of Acinetobacter species showed ESBL production. Among the bacterial
isolates, 29 (38.7%) were MEM, and 19 (25.3%) were CP. Pseudomonas aeruginosa 14 (30.4%) and Acinetobacter
species 5 (17.2%) were the identified carbapenemase producers.

Antibiotic Resistance Profiles of Acinetobacter spp. and Pseudomonas aeruginosa
The majority of bacterial isolates exhibited the highest resistance rate to Piperacillin tazobactam 50 (66.7%), and
Aztreonam 26 (56.5%), respectively, while least resistance rate was observed for Amikacin 27 (36%). However,
Acinetobacter spp. showed more resistance rate to piperacillin tazobactam 22 (75.8%), doxycycline 21 (72.4%)
(93.8%) and cefotaxime 20 (68.9%) and least resistance rate for meropenem 10 (34.5%) followed by amikacin 11
(37.9%). Similarly, Pseudomonas aeruginosa is more resisted by Piperacillin tazobactam 28 (60.8%) and aztreonam 26
(56.5%) and least resistance rate for amikacin 16 (34.8%) followed by meropenem 19 (41.3%) (Table 4).
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Table 1 Socio-Demographic and Clinical Characteristics of Study Participants Clinically Suspected for Nosocomial Infection at Dessie
Comprehensive Specialized Hospital, North Eastern Ethiopia, from February–August 2021

Demographic and Clinical Variables Number Significant Bacterial Growth Total (%)

Yes N (%) No N (%)

Sex Male 226 45(19.9) 181(80.1) 53.4

Female 197 30(15.2) 167(84.8) 46.6

Age in years 0–15 30 4(13.3) 26(86.7) 7.1

16–30 105 25(23.8) 80(76.2) 24.8

31–45 155 27(17.4) 128(82.6) 36.6

46–60 99 14(14.1) 85(85.9) 11.8

>60 34 5(14.7) 29(85.3) 8.03

Residence Rural 257 51(19.8) 206(80.2) 60.8

Urban 166 24(14.5) 142(85.5) 39.2

Education status Primary 89 15(16.8) 74(83.2) 21.04

Illiterate 174 35(20.1) 139(79.9) 41.13

Secondary and above 110 16(14.5) 94(85.5) 26

Under age 50 9(18) 41(82) 11.8

Occupation House wife 64 6(9.4) 58(90.6) 15.1

Employed 90 17(18.9) 73(81.1) 21.3

Farmer 52 10(19.2) 42(90.8) 12.3.

Merchant and daily laborer 150 31(20.7) 119(79.3) 35.5

Student 35 7(20) 28(80) 8.3

Others 32 5(15.6) 27(84.4) 7.6

Patient location Medical 179 37(20.7) 142(79.3) 42.3

Surgical 87 12(13.8) 77(83.2) 20.6

NICU neonatal 20 3(15) 27(85) 4.7

Paediatric 15 4(26.7) 11(83.3) 3.5

Orthopaedics 62 10(16.1) 52(83.9) 14.7

Gynaecology 60 9(15) 51(85) 14.2

History of previous admission Yes 130 25(19.2) 105(80.8) 30.1

No 293 50(17.1) 243(86.9) 69.9

Underlying chronic disease Yes 149 32(21.7) 117(78.3) 35.22

No 274 43(15.7) 231(84.3) 64.78

Previous antimicrobial taking history Yes 284 37(13.3) 247(86.7) 67.1

No 139 38(27.3) 101(72.7) 32.9

(Continued)
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Multiple Drug Resistance Patterns of the Isolates
Overall, 89.33% (67/75) bacterial isolates were resistant to at least one antimicrobial class and the overall multidrug
resistance (MDR ≥3 antimicrobial categories) rate of the isolated bacteria was 88% (66/75). About 27 (93.1%) of
Acinetobacter species and 39 (84.8%) Pseudomonas aeruginosa isolates developed MDR (Figure 2 and Table 5).

Table 1 (Continued).

Demographic and Clinical Variables Number Significant Bacterial Growth Total (%)

Yes N (%) No N (%)

Number of drugs previously taken One drug type 46 10(21.7) 36(79.3) 16.2

Two drug types 96 15(15.6) 81(85.4) 33.8

Three drug types 46 5(10.9) 41(89.6) 16.2

Three and more drug types 35 4(11.4) 31(88.6) 12.3

Not known 61 3(4.9) 58(95.1) 21.5

Associated invasive device during admission IV cannula 278 53(19.2) 225(80.8) 65.7

Urinary catheter 37 4(10.8) (89.2) 8.7

IV cannula and urinary catheter 58 10(17.2) 48(82.8) 13.7

Others 20 3(15) 17(85) 4.7

No device 30 4(13.3) 26(86.7) 7.1

Figure 1 Proportion of culture confirmed nosocomial infection among patients in at Dessie Comprehensive Specialized Hospital, North eastern Ethiopia, from February–
August 2021.
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Factors Associated with Nosocomial Infection
Finding risk factors for nosocomial infection revealed that type of admission ward, number of antimicrobials taken at
admission, illiteracy, rural residence, merchant and daily laborer, urinary catheter invasive procedure, and having chronic
illnesses/diseases were all risk predictors of nosocomial infection for Acinetobacter spp. and/or P. aeruginosa. Being
illiterate (AOR: 5.6; 95% CI: 1.65–45.68), being rural residence AOR: 4.5; 95% CI (1.23–55.8), merchant and daily
laborer (AOR: 5.8; 95% CI: 2.5–45.89), admitted patients in the surgical ward (AOR: 10.66; 95% CI: 1.22–93.23), and
orthopedics (AOR: 12.31; 95% CI: 6.5–165), and admitted patients having a primary chronic disease such as (AOR:
3.84; 95% CI: 1.33–68.99) were statistically suggestively at risk of nosocomial infection when related to hospitalized
patients with no underlying chronic condition. According to the study, individuals who received three or more antibiotic

Table 2 Isolation Rate of Gram-Negative Bacilli Species in Clinical Samples Collected from Different Sites of Infection Among Patients
at Dessie Comprehensive Specialized Hospital, North Eastern Ethiopia, from February–August 2021

Clinical Specimens Gram-negative bacterial Infection Total Bacterial
Isolated

P. aeruginosa
N (%)

Acinetobacter species
N (%)

ESBL Producer
32 (%)

Carbapenemase
Producer 19(%)

Blood stream (=65) 12(75%) 4(25%) 8(50) 3(18.8) 16(24.3%)

UTI (=140) 14(73.4) 5(26.6) 11(57.9) 7(42.1) 19(25.3)

Wound (=168) 17(48.6%) 18(51.4%) 11(31.4) 8(22.9) 35(46.7%)

Pneumonia (=50) 3(60) 2(40) 2(40) 1(25) 5(6.7)

Total (=423) 46(52.9%) 29(47.1%) 32(42.7) 19(25.3) 75(100%)

Table 3 Prevalence of ESBL and Carbapenemase Production Acinetobacter spp. and Pseudomonas aeruginosa Isolated from Nosocomial
Infection Suspected Patients at Dessie Comprehensive Specialized Hospital, North Eastern Ethiopia, from February–August 2021

Isolates (Number) Total (N) ESBL Producer n (%) Meropenem Resistance n (%) Carbapenemase n (%)

Positive Negative Positive Negative Positive Negative

P. aeruginosa 46 20(43.4) 26(56.6) 19(41.3) 27(58.7%) 14(30.4%) 36(69.6%)

Acinetobacter species 29 12(41.3) 17(58.7) 10(34.5) 19(65.5%) 5(17.2%) 25(82.8%)

Total 75 32(42.7) 43(57.3) 29(38.7%) 46(67.3%) 19(25.3%) 50(74.7%)

Table 4 Antimicrobial Resistance Levels of Acinetobacter spp. and Pseudomonas aeruginosa Against Commonly Used Antibiotic at
Dessie Comprehensive Specialized Hospital, North Eastern Ethiopia, from February–August 2021

Organism
Isolated

Tested Antimicrobial’s Resistance Level

CTX
r (%)

AN
r (%)

TZP
r (%)

CIP
r (%)

CAZ
r (%)

GM
r (%)

MEM
r (%)

Dox
r (%)

COT
r (%)

ATM
r (%)

Acinetobacter spp. 29 20(68.9) 11(37.9) 22(75.8) 13(44.8) 14(48.3) 15(51.7) 10(34.5) 21(72.4) 19(65.5) NA

Pseudomonas
aeruginosa

46 NA 16(34.8) 28(60.8) 25(54.3) 22(47.8) 20(43.5) 19(41.3) NA NA 26(56.5)

Total 75 20(68.9) 27(36) 50(66.7) 38(50.6) 36(48) 35(46.7) 29(38.4) 21(72.4) 19(65.5) 26(56.5)

Note: r (%) - number and Percentage of resistant isolates.
Abbreviations: NA, Not applicable; CTX, Cefotaxime 30µg; AN, Amikacin 30µg; TZP, Piperacillin tazobactam 100/10 µg; CIP, ciprofloxacin 5µg; CAZ, ceftazidime 30µg;
GM, Gentamicin 10µg; MEM, Meropenem 10µg; TE, Tetracycline 30µg; COT, Trimethoprim sulfamethoxazole 1.25/23.5µg; ATM, Aztreonam 30 µg.
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kinds upon admission were 94% more protected from nosocomial infection than those who did not receive any
antimicrobial (Table 6).

Discussion
Bacteria that produce ESBL and carbapenemase resistance Acinetobacter and Pseudomonas aeruginosa, two bacterial
infections with substantial clinical and treatment implications, limit therapy decisions for hospitalized patients.
Antimicrobial resistance profiles differed around the world depending on the type of clinical sample, ward, and
institution.21 It is possible that this is due to a lack of infection-control methods in the research area. Study participants
who were linked from other healthcare facilities had a greater infection rate than their peers. Similar finding was found in
Uganda and Bahir Dar, Ethiopia.13 The findings of the current investigation indicated that Acinetobacter and Pseudomonas
aeruginosa are the major bacteria that cause infections in both admitted and ambulatory patients. In the study area, rural
dwellers had a larger percentage of infection than urban dwellers. This could be linked to differences in patients’ antibiotic
exposure, which is a crucial contributor in drug resistance selection. Furthermore, the proportion of patients with chronic
diseases who were infected was higher than the general population, this could be because immunocompromised individuals
are more likely to cross-infect with germs from other patients, health-care staff, and hospital settings.

In the current study, 17.7% of patients were infected with Acinetobacter species and/or Pseudomonas aeruginosa.
This it was relatively higher compared to reports with previous report in Addis Ababa, Ethiopia (11%),22 Hiwot Fana
hospital, Ethiopia (2%),23 Bahir Dar, Ethiopia (8.4%)24 and Italy (9.3%).25 In contrast, the current study was lower than
study done in Ghana (23.5%).26 This could be due to differences in sample size, infection site, patient age, different types
of specimens from different wards, hospital setting, length of stay, and patients’ exposure to connected gadgets.

The magnitude of ESBL producing Acinetobacter species and/or Pseudomonas aeruginosa isolates (42.7%) in this
study is comparable with research done from Iran 40.8%27 and India 48.27%,28 However, variable results were
documented from different parts of Ethiopia (28.2% and 78.6%)29 and Burkina Faso (58%).30 Different studies have
found a higher prevalence of ESBL, which could be related to higher colonization of Acinetobacter species and/or
Pseudomonas aeruginosa in hospitals, which boosts the transmission of ESBL genes in health-care-associated strains.31

Figure 2 Multi-drug resistance pattern of Acinetobacter spp. and Pseudomonas aeruginosa isolated from nosocomial infection -suspected patients at Dessie Comprehensive
Specialized Hospital, North eastern Ethiopia, from February–August 2021.
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Although the magnitude of ESBL varies, all studies point to an increase in ESBL-producing isolates in developing
countries, which could be due to extensive use of cephalosporins, inadequate antibiotic use control, and empirical
therapy.

Moreover, the proportion of ESBL producing bacterial infection in blood stream, urinary tract, wound infection, and
pneumonia from the total isolated bacterial was 50%, 57.9%, 51.4%, and 40%, respectively. A similar finding was
reported in Bahir Dar, Ethiopia.13 This revealed that the most common ESBL producers are P. aeruginosa and
Acinetobacter. This could be owing to the bacteria’s constant exposure to a range of β-lactams, which causes beta-
lactamase synthesis. Furthermore, beta-lactamase enzymes mediated by plasmid and chromosomal genes are significant
causes of antibiotic resistance.

The magnitude of CR among Acinetobacter species and/or Pseudomonas aeruginosa bacterial isolates in the present
study was 25.3%. This is relatively higher compared with the previous report in Addis Ababa, Ethiopia (12.1% and
2%)29,32 Bahir Dar, Ethiopia 5.2%,13 Taiwan,33 Indonesia,34 Nepal,35 and Romania36 reported 15.4%, 13.7%, 11.2% and
21.6% of Carbapenemase production, respectively, which are much lower than the present finding, whereas reports in
Nigeria,37 India,38 which accounted 34.5% each also much higher than the present study. However, systematic review
also indicated that 0.96% to 35% CR was reported in other countries of East Africa.39 This suggests that carbapenemase
resistance is spreading at an alarming rate, which is a big issue for impoverished nations like Ethiopia because these
medications are the final resort for superbug treatment and are still not frequently provided. Additionally, settings,
bacterial species, carbapenemase recognition methods, local antibiotic practice, and infection prevention systems were
also considered.

Table 5 Multi Drug Resistance Profile of Isolated Acinetobacter Species and Pseudomonas aeruginosa at Dessie Comprehensive
Specialized Hospital, North Eastern Ethiopia, from February–August 2021

Drugs Resistant
Acinetobacter
spp.

Resistance
Category

Drugs Resistant
Pseudomonas
aeruginosa

Resistance
Category

CTX, AN, TZP, CAZ, GM, MEM,
COT

1 MDR TZP, CAZ, CIP, GM, MEM, ATM 2 MDR

CTX, TZP, CIP, CAZ, GM, MEM,
COT

1 MDR AN, TZP, CAZ, CIP, GM, ATM 3 MDR

CTX, AN, TZP, CAZ, GM, MEM, 2 MDR TZP, CAZ, CIP, GM, ATM 3 MDR

CTX, TZP, CIP, CAZ, GM, COT 2 MDR TZP, CAZ, CIP, MEM, ATM 4 MDR

CTX, TZP, CAZ, GM, MEM, COT 2 MDR TZP, CAZ, CIP, ATM 3 MDR

CTX, TZP, CAZ, GM, COT 3 MDR TZP, CAZ, GM, ATM 5 MDR

CTX, TZP, CAZ, MEM, COT 2 MDR TZP, CIP, ATM 4 MDR

CTX, TZP, CAZ, GM, 2 MDR AN, CIP, CAZ 4 MDR

CTX, TZP, CAZ, MEM, 2 MDR TZP, CAZ, ATM 5 MDR

CTX, TZP, CAZ, COT 2 MDR CIP, CAZ, ATM 3 MDR

CTX, TZP, CAZ, 3 MDR CAZ, MEM, ATM 3 MDR

CTX, TZP, COT 2 MDR

CTX, CAZ, COT 2 MDR

Total 26 39

Abbreviations: CTX, Cefotaxime; AN, Amikacin; TZP, Piperacillin tazobactam; CIP, ciprofloxacin; CAZ, ceftazidime; GM, Gentamicin; MEM, Meropenem; COT,
Trimethoprim sulfamethoxazole; ATM, Aztreonam.
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Table 6 Association of Independent Variables with Either of Acinetobacter spp. or Pseudomonas aeruginosa Infection Among Study
Participants at Dessie Comprehensive Specialized Hospital, North Eastern Ethiopia, from February–August 2021

Demographic and Clinical Variables Significant Bacterial Growth P COR (CI) P AOR (CI)

YES No

Sex Male 45(19.9) 181(80.1) Ref

Female 30(15.2) 167(84.8) 0.29 1.89(0.76–4.4)

Age in years 0–15 4(13.3) 26(86.7) 0.14 5.6(0.9–43.6)

16–30 25(23.8) 80(76.2) 0.85 2.7(0.47–13.87)

31–60 27(17.4) 128(82.6) 0.23 4.8(0.78–34.19)

>60 14(14.1) 85(85.9) Ref

Education status Illiterate 15(16.8) 74(83.2) 0.15 1.64(1.08–34.32) 0.06 5.6(1.65–45.68)

Primary school 35(20.1) 139(79.9) 0.82 0.92(0.59–22.36)

Under age (NA) 9(18) 41(82) 0.82 2.29(0.45–44.06)

Secondary and above 16(14.5) 94(85.5) Ref

Residence Rural 51(19.8) 206(80.2) 0.19 1.82(1.58–11.71) 0.01* 4.5(1.23–55.8)

Urban 24(14.5) 142(85.5) Ref

Occupation Employed 17(18.9) 73(81.1) Ref

House wife 6(9.4) 58(90.6) 0.69 1.25(0.23–8.99)

Farmer 10(19.2) 42(90.8) 0.86 1.23(0.89–5.66)

Merchant and daily
laborer

31(20.7) 119(79.3) 0.20 1.56(1.25–25.56) 0.006* 5.8(2.5–45.89)

Student 7(20) 28(80) 0.75 1.65(0.5–8.99)

Others 5(15.6) 27(84.4) 0.565 1.85(0.8–5.8)

Associated invasive device IV cannula 53(19.2) 225(80.8) 0.999 2.84(0.64–1576)

Urinary catheter 4(10.8) (89.2) 0.15 6.4(4.33–14.6) 0.025* 6.9(5.65–56.88)

IV cannula and urinary
catheter

10(17.2) 48(82.8) 1.000 2.84(0.53–25.5)

Others 3(15) 17(85) 0.999 1.4(0.23–14.6)

No device 4(13.3) 26(86.7) Ref Ref

Previous antimicrobial taking
history

Yes 37(13.3) 247(86.7) Ref

No 38(27.3) 101(72.7) 0.38 2.5(0.86–8.77)

Admission ward Medical 37(20.7) 142(79.3) Ref Ref

Surgical 12(13.8) 77(83.2) 0.018 4.33(1.83–33.2) 0.021* 6.7(2.5–74.53)

NICU 3(15) 27(85) 0.021 5.8(1.8–46.85) 0.002* 25.84(5.8–95.6)

Pediatrics 4(26.7) 11(83.3) 0.050 6.0(2.1–55.88) 0.006* 15.66(1.5–158.6)

Orthopedics 10(16.1) 52(83.9) 0.002 6.37(1.7–78.3) 0.012* 12.31(6.5–165)

Gynecology 9(15) 51(85) 0.027 3.7(1.8–46.57) 0.031* 7.88(2.88–118.6)

(Continued)
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The major carbapenemase producing bacteria were found from the proportion of carbapenemase production in blood
stream, urinary tract, wound infection was 18.8%, 22.1%, 22.9% and 25%, correspondingly in the current study. It is true
that Pseudomonas aeruginosa (30.4%) was the identified carbapenemase producers the most carbapenemase producer in
clinical sample in the current study. Correspondingly, carbapenemase producing bacteria were isolated from the principal
carbapenemase producing bacteria in the present study were P. aeruginosa (27.6%) in Bahir Dar, Ethiopia.13 In spite of
percentage P. aeruginosa (2.6%) was the major carbapenemase producing isolates in Algeria.40 Likewise, P. aeruginosa
(66%) was the one of the common carbapenemase producing organisms in Taiwan41 and study done 50 out of 104 was
carbapenemase resistance.42 Carbapenem resistance in P. aeruginosa strains is caused by a number of factors. This might
be carbapenemase driven by plasmids or integrons, enhanced efflux system expression, reduced porin expression, and
increased chromosomal cephalosporinase activity have all been identified as contributing factors.43

Acinetobacter species and Pseudomonas aeruginosa have long been recognized as major causes of nosocomial
infections over the world, with a wide range of antibiotic resistance, which makes them a hazard in the hospital setting, as
seen by periodic outbreaks, and has posed considerable issues for healthcare management around the world.20,44 In the
present study, Acinetobacter species and Pseudomonas aeruginosa isolates revealed high levels of resistance to
Piperacillin tazobactam 50 (66.7%), and Aztreonam 26 (56.5%). This might be due to the wide availability and the
blind prescription of these antibiotics in the areas.

Our result showed that Acinetobacter spp. showed more resistance rate to piperacillin tazobactam 22 (75.8%),
doxycycline 21 (72.4%) (93.8%) and cefotaxime 20 (68.9%) and least resistance rate for meropenem 10 (34.5%)
followed by amikacin 11 (37.9%) supported by Bahir Dar, Ethiopia,24 Vietnam,45 Kenya.46 The present study showed
that resistance rates of Pseudomonas aeruginosa to P. aeruginosa are more resisted by Piperacillin tazobactam 28
(60.8%) and Aztreonam 26 (56.5%) and least resistance rate for amikacin 16 (34.8%) followed by meropenem 19
(41.3%) which is comparable to previous findings in Ugandan intensive care units, piperacillin/tazobactam.47 The
resistance of the current meropenem 94.5% is lower than study conducted in Iran.48 Our findings suggest that the
highest levels of resistance to third-generation cephalosporins (cefotaxime and ceftazidime) for Acinetobacter spp. and
Pseudomonas aeruginosa could be connected to overuse and misuse of these antibiotics in the area that causes selective
pressure and the emergence of MDR. Both Acinetobacter spp. and P. aeruginosa have lower proportions of resistance to

Table 6 (Continued).

Demographic and Clinical Variables Significant Bacterial Growth P COR (CI) P AOR (CI)

YES No

History of previous admission Yes 25(19.2) 105(80.8) Ref

No 50(17.1) 243(86.9) 0.97 2.11(0.56–1.85)

Number of drugs previously
taken

One drug type 10(21.7) 36(79.3) 0.36 0.88(0.32–6.88) 0.998 0.87(0.88–8.89)

Two drug types 15(15.6) 81(85.4) 0.597 0.66(0.13–3.26) 0.388 0.27(0.02–3.18)

Three drug types 5(10.9) 41(89.6) 0.242 1.75(0.69–4.47) 0.521 0.54(0.33–5.77)

Three and more drug
types

4(11.4) 31(88.6) 0.597 0.46(0.23–4.56) 0.036* 0.06(0.004–0.84)

Not known 3(4.9) 58(95.1) 0.286 1.56(0.23–8.66) 0.78 0.56(0.23–8.66)

Not drug taken 139 38(27.3) Ref Ref

Underlying chronic disease Yes 32(21.7) 117(78.3) 0.023 1.99(1.11–14.7) 0.002* 3.84(1.33–68.99)

No 43(15.7) 231(84.3) Ref

Note: *Significant at p<0.05.
Abbreviations: AOR, Adjusted odds ratio; CI, Confidence interval; COR, Crude odds ratio; IV, intravenous; NICU, neonatal intensive care unit; Ref, Reference.
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meropenem and amikacin in this study, which could be linked to the lack of meropenem and Amikacin prescription
practice in Ethiopia, as these antibiotics are used as a last resort in the treatment of serious infections and are
comparatively more expensive. Furthermore, because P. aeruginosa and Acinetobacter quickly adapt to selective changes
in the environmental pressures, a high turnover of experienced health professionals, a high patient load, and ineffective
prevention measures could all contribute to an elevated overall drug resistance prevalence rate across different drug
categories.

In this study, 88% the bacterial isolates were resistant to three or more classes of antimicrobial categories. About
93.1% of Acinetobacter species and 84.8% P. aeruginosa isolates developed MDR. A similar MDR was obtained from
study conducted at Iran 88.5%.48 Higher rate of MDR was obtained from India 93% and 95%,49,50 Addis Ababa 92.9%51

and Bahir Dar, Ethiopia 100%24 and Kenya 85%.46 Whereas our result is higher than those obtained in USA 46%,52

Bosnia and Herzegovina 78.4%,53 India 54.7%,54 Saudi Arabia 69%55 and India 37 out of 73 were MDR.56 The high
MDR strains of P. aeruginosa and Acinetobacter spp. found in this investigation could be owing to the fact that our study
participants were admitted patients in a hospital where many antibiotics are circulating, which could function as
a selective pressure for increasing MDR isolates. Furthermore, widespread prescription of common antibiotics, particu-
larly third-generation cephalosporins, as well as drug use outside of hospitals, may contribute to the high resistance rate
of Acinetobacter spp. and Pseudomonas aeruginosa to various antibiotic classes. Other possible explanations for
differences in the prevalence of MDR between the current study and other similar investigations carried out elsewhere
include differences in the panel of antimicrobial drugs utilized for drug sensitivity testing.

In the present study, all nosocomial infections observed among patients with associated invasive devices like IV
cannula, urinary catheter and others. Being illiterate (AOR: 5.6; 95% CI: 1.65–45.68), being rural residence (AOR:
4.5; 95% CI: 1.23–55.8), merchant and daily labour (AOR: 5.8; 95% CI: 2.5–45.89), patients admitted in the surgical
ward (AOR: 10.66; 95% CI: 1.22–93.23), and orthopaedics (AOR: 12.31; 95% CI: 6.5–165) were significantly at risk
to develop nosocomial infection as compared to patients admitted in the medical ward. Admitted patients having an
underlying chronic disease such as AOR: 3.84; 95% CI: 1.33–68.99 were statically significant at risk of nosocomial
infection compared to admitted patients who had no underlying chronic disease. This was consistent with previous
study in Taiwan,57 North India58 and Bahir Dar, Ethiopia24 in India: diabetes, HIV, neurological disease,54 Bosnia and
Herzegovina: diabetes.53 This could be owing to patients’ significant exposure to the two viruses from the hospital
environment, healthcare professionals, linked gadgets, and cross contamination. This could be because patients with
underlying chronic diseases are more likely to attend hospitals, potentially exposing them to nosocomial infections.

Conclusion and Recommendation
The prevalence of nosocomial associated infection in current study was 17.7% (75/423). Among them, predominant
isolates were P. aeruginosa. Overall, 42.7% and 25.3% patients had infection with ESBL and CP producing bacterial
infection. The overall multidrug resistance rate of the isolated bacteria was 88%. The majority of bacterial isolates
exhibited the highest resistance rate to Piperacillin tazobactam 66.7%, and aztreonam 56.5%, respectively, while
amikacin and meropenem were effective drugs. Carbapenem resistance linked with a high rate of MDR, carbapenemase
and extended spectrum beta-lactamases producing isolates is alarmingly increasing among isolates of nosocomial
infection in the study area. Third-generation cephalosporin resistance is also a serious issue. To alter the routine use
of antimicrobials, it is necessary to improve the infection prevention strategy and conduct more national surveillance on
the profile of carbapenem resistance, carbapenemase, and ESBL production and their determining genes among
nosocomial infection clinical isolates.

Limitations of the Study
Carbapenemase and ESBL were not genotypically performed due to a deficiency of confirmatory kits. A genotype and
molecular examination for characterization of ESBL and carbapenemase gene were not performed from isolated
Enterobacteriaceae. Healthy participants from the community were not included as a control even it was beyond the
scope of the study.
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