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Purpose: Carbapenem-resistant Acinetobacter species and P. aeruginosa are the leading cause of nosocomial infections. Therefore,
the objective of this study was to analyze the prevalence, antimicrobial susceptibility profile, and trends of carbapenem-resistant
P. aeruginosa and Acinetobacter species isolated from clinical specimens.

Patients and Methods: This retrospective study included data from Ethiopian Public Health Institute from 2017 to 2021. BD
phoenix M50, Vitek 2 compact, and conventional identification methods were used to identify the organisms. The Kirby-Bauer disc
diffusion, BD phoenix M50, and Vitek 2 compact methods were used to determine the antimicrobial susceptibility profiles of the
isolates. Chi-square for linear trends using Epi Info was employed to test the significance of carbapenem resistance trends over time.
The p-values of <0.05 were considered statistically significant.

Results: Following data cleaning, 7110 reports were used. Out of this, (N=185, 2.6%) and (N=142, 2%), Acinetobacter species and
P. aeruginosa were isolated, respectively. Twenty-four Acinetobacter species and fourteen P. aeruginosa species were omitted because
carbapenem antimicrobial agents were not tested for them. The overall prevalence of carbapenem-resistant Acinetobacter species and
P. aeruginosa were 61% and 22%, respectively. The prevalence of carbapenem-resistant Acinetobacter species increased significantly
from 50% in 2017 to 76.2% in 2021 (p=0.013). The trend of carbapenem-resistant P. aeruginosa was fluctuating (p=0.99).
Carbapenem-resistant Acinetobacter had a lower resistance rate to amikacin (44%) and tobramycin (55%); similarly, carbapenem-
resistant P. aeruginosa had a lower resistance rate to amikacin (27%) and tobramycin (47%).

Conclusion: This study revealed a high prevalence of carbapenem-resistant Acinetobacter species and P. aeruginosa, both of which
showed better sensitivity to amikacin and tobramycin. Furthermore, Acinetobacter species showed a statistically significant increasing
trend in carbapenem resistance.
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Introduction

Gram-negative bacteria including Pseudomonas aeruginosa (P. aeruginosa) and Acinetobacter species are non-
fermentative bacteria that are ubiquitous in hospital environments and have emerged as one of the most bothersome
pathogens in health-care settings.' These bacteria are commonly responsible for the following hospital-acquired infec-
tions (HAI): ventilator-associated pneumonia, central line-associated bloodstream infections, and catheter-associated
urinary tract infections, particularly in patients admitted to the intensive care unit.' > Healthcare-acquired infections, are
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infections that patients acquire while receiving treatment at a health-care facility after 48-h post-admission and are most
commonly associated with invasive medical devices and surgical procedures.’

Treating HAIs caused by P. aeruginosa and Acinetobacter species is a challenge as these bacteria are mostly resistant to
the commonly used antibiotics.” These bacteria are intrinsically resistant to a wide range of antimicrobial agents and, more
importantly, they can develop or acquire multiple antimicrobial resistance mechanisms, and their tendency to survive for
prolonged periods under a wide range of environmental settings makes them a frequent cause of nosocomial infections.”
Previous antibiotic use, previous colonization, mechanical ventilation; previous intensive care unit stays, dialysis, cathe-
terization, and hospitalization were the main risk factors for acquiring carbapenem-resistant Acinetobacter species and
P. aeruginosa.® Thus, these pathogens can become easily resistant to almost all available antimicrobial agents.®*'°

The majority of P. aeruginosa and Acinetobacter species are resistant to the widely available and affordable antibiotics.”
Carbapenems are currently the most reliable last resort treatment option available for infections caused by multidrug-
resistant P. aeruginosa and Acinetobacter species. These antibiotics are exceptionally stable against most beta-lactamases
enzymes that inactivate beta-lactams due to the presence of a carbapenem along with the beta-lactam ring that gives them
a unique molecular structure.'' However, carbapenem resistance among P. aeruginosa and Acinetobacter species is
a persistent issue in healthcare, and resistance to carbapenems, particularly when caused by transferable genes that encode
for carbapenemase, spreads quickly and severely restricts the number of treatments available.'' Other resistance mechan-
isms of P. aeruginosa and Acinetobacter species include efflux pumps and target-site or outer membrane alteration.
Resistance to multiple antibiotics is typically caused by the interaction of multiple mechanisms in a single isolate or by
the action of a single potent resistance mechanism.'? Due to the difficulty in obtaining accurate data, the burden of HAISs is
unknown globally; however, the numbers in low- and middle-income countries are probably high.'*'* Despite the lack of
adequate data on the burden of health-care-associated infections caused by carbapenem-resistant Acinefobacter species and
P. aeruginosa in Ethiopia, a few studies reported prevalence rates ranging from 8.4% to 23% of infections caused by these
pathogens.'>'® These bacterial pathogens frequently cause bloodstream, urinary tract, and surgical sites, as well as wound
infections.'>'® Nordmann P and Poirel L reported that the global prevalence of carbapenem-resistant non-fermenters was
greater than 60%.'? A systematic review of studies from East Africa reported pooled prevalence of carbapenem resistant
Acinetobacter baumanii (23%) and P. aeruginosa (17%), respectively.”® However, different studies from Ethiopia reported
the prevalence of P. aeruginosa and Acinetobacter species, with a carbapenem resistance ranging from 0% to 45.5% and
9.9% to 56.4%, respectively.'®'®2172% Most of the studies that have been conducted in Ethiopia on carbapenem-resistant
Acinetobacter species and P. aeruginosa analyzed fewer isolates from single hospitals. Therefore, the current study aimed
to analyze the five-year prevalence, antimicrobial resistance patterns, and trends of carbapenem-resistant P. aeruginosa and
Acinetobacter species isolated from different clinical specimens collected from different health facilities in Ethiopia. The
findings from the current study will provide more information about the burden of carbapenem resistance among these
pathogens, since data analyzed was five-year data from National Reference Laboratory.

Materials and Methods
Study Site and Design

This retrospective analysis of carbapenem resistance among P. aeruginosa and Acinetobacter species consists of data
from the National Clinical Bacteriology and Mycology Reference Laboratory, Ethiopian Public Health Institute from
2017 to 2021. The laboratory was accredited in 2017 by the Ethiopian accreditation service per the requirements of the
international standard ISO 15189:2012. It serves as a national diagnostic referral and research laboratory.

Specimen Collection

Specimens were collected from patients who came to and were admitted to various health facilities in Ethiopia. The
specimens were collected from different body sites by trained health professionals into appropriate specimen containers for
routine diagnostic purposes. Patient demographic data, type of specimens, time of collection, types of tests required, patient
location, and other information were recorded in the standardized bacteriology request form by clinicians. The specimens
were transported to the laboratory using the Triple Packaging system. In cases of specimen processing delays, appropriate
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transport media were used. The specimens were collected from different wards such as the intensive care unit, surgical,
medical, and burn unit, etc. of the health facilities, and included both male and female patients of all age groups.

Specimen Processing and Bacterial Identification

Specimens that met the laboratory’s acceptance criteria were received and inoculated onto appropriate culture media and
incubated at the appropriate temperature and time.*® The identification of Acinetobacter species and P. aeruginosa was
achieved using one of the following methods available at the time of testing: Vitek 2 compact (BioMerieux, USA), BD
phoenix M50 (Becton, Dickinson, USA), and conventional biochemical tests. For identification using conventional
biochemical tests, a macroscopic colony characterization (color, size, shape, and texture) supported with gram staining
followed by biochemical tests (Triple sugar iron agar, lysine iron agar, sulfide indole motility, Simmons Citrate Agar,
urea agar, and oxidase) was used.”® The biochemical and culture media used by the laboratory from 2017 to 2021 were
from the following manufacturers: (Oxoid Ltd., Basingstoke, Hampshire, England), (Liofilchem, Roseto degli Abruzzi,
Italy), (Hardy diagnostics, Santa Maria, California, and Springboro, Ohio, United States), (Biomark, Dalviwadi, Dhairi
Pune, Maharashtra, India), (Accumixx, Verna, Goa, India), and (HIMEDIA, Mumbai, Maharashtra, India).

Antimicrobial Susceptibility Testing

For antimicrobial susceptibility testing of these organisms, either of the following methods available at the time of testing
was used: the Kirby-Bauer disk diffusion method on the Muller Hinton agar, Vitek 2 compact, and BD phoenix M50
systems. The most recent version of the Clinical and Laboratory Standards Institute (CLSI) M100 available during the
study period was utilized to interpret the antimicrobial susceptibility testing results.

For P aeruginosa, the following antimicrobial agents were reported as per CLSI M100:” Piperacillin/tazobactam,
piperacillin, ceftazidime, gentamicin, tobramycin, ciprofloxacin, amikacin, meropenem, imipenem, and cefepime.

For Acinetobacter species, the following antimicrobial agents were reported as per CLSI M100:” Piperacillin/
tazobactam, piperacillin, trimethoprim/sulfamethoxazole, ceftazidime, ceftriaxone, tetracycline, gentamicin, tobramycin,
ciprofloxacin, amikacin, meropenem, imipenem, and cefepime. The antimicrobial disks for Kirby Bauer disk diffusion
antimicrobial susceptibility testing were from the following manufacturers: (Oxoid Ltd., Basingstoke, Hampshire,
England), (Liofilchem, Roseto degli Abruzzi, Italy) and (Hardy diagnostics, Santa Maria, California, and Springboro,
Ohio, United States). For antimicrobial susceptibility testing by VITEK 2® Compact, we used the following cards:
VITEK 2 AST-GN86, VITEK 2 AST-GN72, and VITEK 2 AST-GN67. The BD PhoenixTM NMIC/ID-431 panel was
used for antimicrobial susceptibility testing using the BD Phoenix M50. Carbapenem resistance was defined as resistance
to imipenem and/or meropenem.

Data Extraction

Data were extracted from the WHONET software and laboratory logbooks. The following details were obtained: types of
specimens submitted, date of specimen collection, and received at the laboratory, patients’ demography (age and sex), organism
identified with identification method used, antimicrobial susceptibility testing results, and referring health facilities. Data on the
culture media and antibiotic disk origin used were extracted from the media preparation logbook and antibiotic quality control
records, respectively. Only the first isolates from the patient were included to prevent bias from repeated culture.

Quality Control (QC)

American-type culture collection (ATCC) strains, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC
27853, and Staphylococcus aureus ATCC 25923 were used to check the quality of all the antimicrobial disks used as
per clinical and laboratory standards institute (CLSI) M100 Table 4A 1-2.” Quality control of culture and biochemical
media was done as per laboratory standard operating procedures and manufacturers’ recommendations.

Data Analysis
Descriptive analysis was used for prevalence and rates. Resistance rates for each antimicrobial agent and the co-
resistance profile of carbapenem-resistant isolates to other antimicrobial agents were analyzed using WHONET software.
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Carbapenem resistance trends were calculated yearly, and trends were assessed from year to year over 5 years for both
isolates. Chi-square for trends using Epi Info Centers for Disease Control and Prevention was employed to test the
significance of carbapenem resistance trends over time. The p-values of <0.05 were considered statistically significant.

Ethical Approval

Consent was waived due to the retrospective nature of the work by the institutional review board of the Ethiopian Public
Health Institute (EPHI-IRB) with approval number EPHI-IRB-413-2021. To maintain confidentiality, patient names and
other personal identifiers were anonymized from the data, and unique identification numbers were utilized to identify
data. Therefore, the study was conducted following the Declaration of Helsinki.

Results

Seven thousand, one hundred ninety-nine (7199) clinical specimens obtained during 2017-2021 were used. Out of this
(N=89) records were excluded due to missing information in Age, Sex, referring health facility, and types of specimens
submitted. Records of (N=7110) Specimens with complete information were used to analyze the prevalence of
Acinetobacter species and P. aeruginosa. The prevalence of Acinetobacter species and P. aeruginosa were (N=185/
7110, 2.6%) and (N=142/7110, 2%), respectively. Twenty-four (24) and fourteen (14) Acinetobacter species and
P aeruginosa were excluded since carbapenem was not tested against them. Finally, we analyzed 161 Acinetobacter
species and 128 Pseudomonas aeruginosa data Figure 1. Out of this, (N=98/161,61%) Acinetobacter species and (N=28/
128, 22%) P. aeruginosa were resistant to carbapenem Figure 1.

Total number of specimens received
during 2017-2021(N:7199)

Excluded records due to missing information
in Age, Sex, referring health facility, types of
specimens submitted N:89

A 4

Number of Records with complete
information
N:7110
Total number of Total number of P.
Acinetobacter species aeruginosa Isolated
Isolated
N:142
N:185
24 Acinetobacter .14 P aeruginosa
. . isolates for which
isolates for which
carbapenem were | carbapenem were not
not tested excluded tested excluded
\ 4 \ 4
Total Acinetobacter species N:161 Total P. aeruginosa isolates N:128
Carbapenem resistant N:98 Carbapenem resistant N:28
Carbapenem resistance percent:61% Carbapenem resistance percent:22%
Figure | Data cleaning and analysis flowchart.
Abbreviation: N, Total number.
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A total of 126 carbapenem-resistant were recovered from both isolates. Out of 126 carbapenem-resistant isolates, the
highest number was recovered from Urine (N=40, 32%) and Pus (N=39, 31%). The remaining 37% of carbapenem-
resistant isolates were recovered from sputum, blood, cerebrospinal fluid, tracheal aspirate, and ear discharge Figure 2.

Patient Characteristics

Out of 126 carbapenem-resistant isolates, 66% and 34% were recovered from specimens collected from male and female
patients, respectively. Twenty-eight (28) percent of the carbapenem-resistant isolates were isolated from specimens
collected from people between the ages of 21 and 30. Out of 126 carbapenem-resistant isolates, 51.6% were isolated from
specimens referred from AaBET hospital. Thirty (30) and twenty-seven (27) percent of the carbapenem-resistant isolates
were recovered from specimens collected from the intensive care unit and emergency wards, respectively Table 1.

Overall Antimicrobial Resistance Profile

During 2017-2021 the Acinetobacter species showed the highest resistance to ceftazidime (94.6%), ceftriaxone (94.1%),
and cefepime (90%) with the lowest resistance being observed against amikacin (31.5%), tobramycin (51.7%), imipenem
(59%), and meropenem (61%) Table 2. However, P. aeruginosa demonstrated relatively lower antimicrobial resistance
percentages, with the lowest resistance to amikacin (10.3%), tobramycin (11.8%), gentamycin (12.9%), imipenem (16%),
and meropenem (22%) and the highest resistance to cefepime (42.1%) and ceftazidime (35.4%) Table 3.

Co-Resistance Profile of Carbapenem-Resistant Isolates to Other Antimicrobial
Agents

The resistance profile of carbapenem-resistant isolates to other antimicrobial agents is as follows: carbapenem-resistant
Acinetobacter species was 100% resistant to Piperacillin, Ceftazidime, ceftriaxone, and cefepime, whereas it was least
resistant to amikacin (44%), tobramycin (55%), and tetracycline (67%) Table 4. Carbapenem resistant P. aeruginosa was
100% resistant to piperacillin, piperacillin/tazobactam, ceftazidime, and cefepime and least resistant to amikacin (27%),
tobramycin (47%), gentamicin (55%), and ciprofloxacin (58%) Table 4.
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Figure 2 Carbapenem-resistant Acinetobacter species and P. aeruginosa distribution among different specimens.
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Table | Distribution of Carbapenem-Resistant Isolates by Patient Demography, Health Facilities, and Wards

Variables Carbapenem Resistant | Carbapenem Resistant Total
Acinetobacter sp P. aeruginosa
Gender Female 35 8 43
Male 63 20 83
Age <| year 7 2 9
I to 10 6 2 8
Il to 20 10 4 14
21 to 30 29 6 35
31 to 40 16 5 21
41 to 50 10 3 13
51 to 60 10 2 12
Above 61 10 4 14
Health facility | AaBET Hospital 55 10 65
Ras Desta hospital 7 2 9
Saint Peter hospital 6 3 9
Menelik Il Hospital 4 | 5
Federal Police hospital 3 2 5
Saint Paul hospital 10 5 15
Others 13 5 18
Wards Pediatric 3 2 5
Intensive care unit 30 8 38
Emergency 28 6 34
Medical 8 2 10
Orthopdeic 3 | 4
Surgical 5 2 7
Outpatient 15 4 19
Others 6 3 9

Table 2 Overall Antimicrobial Susceptibility Profile of Acinetobacter Species Isolates

During 2017-2021

Organisms Code | %R %l %S %R 95%C.l. | Number
Acinetobacter sp. | TZP 85.5 5.3 9.2 | 752-922 76
CAZ 94.6 0.0 54 | 86.0-983 74
CRO 94.1 4.4 1.5 | 84.9-98.1 68
FEP 90.0 29 7.1 | 79.9-95.5 70
IPM 59.0 2.5 385 | 42.2-74.0 39
MEM 6l 2.5 365 | 50.4-66.0 16l
AMK 315 33 652 | 22.5-422 92
GEN 64.3 27 33.0 | 54.6-73.0 112
TOB 517 10.3 38 | 40.8-62.5 87
Cip 79.9 0.6 19.5 | 72.5-85.7 154
TCY 65.9 6.8 27.3 | 50.0-79.1 44

Abbreviations: TZP, piperacillin/tazobactam; CAZ, ceftazidime; CRO, ceftriaxone; FEP, cefepime; IPM, imipe-
nem; MEM, meropenem; AMK, amikacin; GEN, gentamycin; TOB, tobramycin; CIP, ciprofloxacin; TCY, tetra-

cycline; %R, percent resistant;%l, percent intermediate; %S, percent sensitive; C.I, confidence interval.

Trends of Carbapenem Resistance

The prevalence of carbapenem-resistant Acinetobacter species was 50% in 2017 and reached a peak of 76.2% in 2021
(p=0.013). The trend of carbapenem-resistant P. aeruginosa was fluctuating between 2017 and 2021. It was 30.3% in
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Table 3 Overall Antimicrobial Susceptibility Profile of P. aeruginosa Isolates
During 20172021

Organisms | Code %R %l %S | %R 95%C.l. | Number
P. aeruginosa | TZP 20.9 14.9 642 | 12.3-329 67
CAZ 354 7.6 57.0 | 25.2-47.1 79
FEP 42.1 10.5 474 | 29.4-559 57
IPM 16.0 8.0 76.0 | 53-36.9 25
MEM 22 0.8 772 | 14.0-287 128
AMK 10.3 1.7 88 | 43-21.8 58
GEN 12.9 1.2 85.9 | 6.9-224 85
TOB 1.7 24 85.9 | 6.1-21.0 85
CIp 248 15.4 598 | 17.5-338 17

Abbreviations: TZP, Piperacillin/tazobactam; CAZ, ceftazidime; FEP, cefepime; IPM, imipenem; MEM,
meropenem; AMK, amikacin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin;%R, percent
resistant;%l, percent intermediate;%S, percent sensitive; C.l, confidence interval.

Table 4 Co-Resistance Profile of Carbapenem-Resistant Acinetobacter Species
and P. aeruginosa to Other Antimicrobial Agents

Antimicrobia Agents Acinetobacter sp. P. aeruginosa
%R %l %S %R %I %S
Piperacillin 100 0 0 100 0 0
Piperacillin/Tazobactam 98 0 2 100 0 0
Ceftazidime 100 0 0 100 0 0
Ceftriaxone 100 0 0 IR IR IR
Cefepime 100 0 0 100 0 0
Amikacin 44 3 53 27 0 73
Gentamycin 76 4 20 55 0 45
Tobramycin 55 8 37 47 0 53
Ciprofloxacin 84 0 16 58 0 42
Trimethoprim/Sulfamethoxazole 94 [ 5 IR IR IR
Tetracycline 67 6 27 IR IR IR

Abbreviations: %R, Percent resistant; %I, Percent intermediate; %S, Percent susceptibile; IR, intrin-
sically resistant.

Table 5 Carbapenem Resistance Trend of Acinetobacter Species and P. aeruginosa (2017-2021)

2017 2018 2019 2020 2021 Total (P value)

N |nR(%R) [N |nR(%R) [N | nR(%R) | N | nR(%R) | N | nR (%R) | nR (%R)

Acinetobacter species | 50 | 25 (50) | 50 | 29 (58) I8 | 12(667) | 22 | 16(73) |21 | 16(76.2) | 98 (61) (0.013)1
P. aeruginosa 33 | 10(303) | 34 | 3(88) 33 (842 |6 |2(333) |22 |527) |28(2 0.99)1]
Total 83 | 35(42.1) | 84 |32(381) |51 |20(392) |28 | 18(643) | 43 | 21 (47.7) | 126 (488) | (0.13)

Notes: 1, Statistically significant increasing resistance trends; 1|, Fluctuating trends.
Abbreviations: N, Total number; nR, Number resistant; %R, Percent resistant.

2017 but dropped to 8.8% in 2018, increased to 24.2% in 2019, and reached a peak of 33.3% in 2020, but little dropped
again to 22.7% in 2021 Table 5.

Discussion

In this retrospective study, we analyzed the five-year antimicrobial resistance profiles of P. aeruginosa and Acinetobacter
species with an emphasis on the prevalence and trends of carbapenem resistance at the Ethiopian Public Health Institute,
Addis Ababa, Ethiopia.
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The prevalence of carbapenem-resistant Acinetobacter species in the current study was 61%, which is consistent with
the findings of the study from Pretoria, South Africa (63%),%” and Jimma, Ethiopia (56.4%),%> however, it is higher than
the findings of studies from Lusaka, Zambia (18.2%),® Switzerland (9.2%),”” North-East, Ethiopia (34.5%),'® Sidama,
Ethiopia (9.9%),%* North Gondar, Ethiopia (20.77%),>* Northwest Ethiopia (33.3%),'” and Dessie, Ethiopia (43.8).'° The
variation could be attributed to differences in study design, the number of isolates analyzed, the types of specimens
considered, and the amount of data analyzed, as some studies only analyzed fewer data, while others analyzed a large
amount of national antimicrobial resistance data, geographical differences, and antibiotic prescription policy differences.
The high prevalence of carbapenem-resistant Acinefobacter species observed in our study could be attributed to improper
carbapenem antibiotic prescribing in health-care facilities and the absence of strong antibiotic stewardship initiatives,
which can guide antibiotic prescription practices.

In this study, the overall prevalence of carbapenem-resistant P. aeruginosa was 22%, which is lower compared to the
study from Dessie Comprehensive Specialized Hospital, Ethiopia (41.3%),'® Jimma, Ethiopia (30%),”> and Felegehiwot
referral hospital, Ethiopia (45.5%)."” The observed variation could be attributed to the fact that they only analyzed 46,
10, and 11 P. aeruginosa isolates, respectively, and additionally the differences in study design since these studies used
specimens collected from single health facilities. However, it was higher compared to the study from Sidama, Ethiopia
(7.8%),%* Asella, Ethiopia (0%),>* Dessie, Ethiopia (16.7%), and'® Taiwan (10.2%).?° The observed variations may result
from variations in the number of isolates analyzed, and differences in antibiotic prescription policies.

Trends of Carbapenem Resistance

In this study, we reported statistically significant increasing trends of carbapenem-resistant Acinefobacter species, it was
increased from 50% in 2017 to 76.2% in 2021 (p=0.013). Our findings are in line with the findings of the study from the
Ethiopian Public Health Institute, Ethiopia, which reported a significant increase of meropenem-resistant Acinetobacter
species from 12.5% in 2014 to 62% in 2018, and a study from southern China, which reported a significant rise of
carbapenem-resistant Acinetobacter baumannii from 18% in 2012 to 60% in 2019.*! This could be due to the improper
use of carbapenem antibiotics for empiric therapy, which could be due to the lack of a well-established microbiology
laboratory capable of providing a reliable culture and antimicrobial susceptibility test service. Additionally, rising
carbapenem resistance may be associated with a lack of strong antibiotic stewardship efforts that can guide clinicians’
antibiotic prescription practices. However, our findings are in disagreement with the findings of US studies that reported
decreasing trends of carbapenem-resistant Acinetobacter species,’” as well as Germany’s national Antimicrobial
Resistance Surveillance System report, which reported significantly decreasing trends of carbapenem-resistant
Acinetobacter species from 7.6% in 2014 to 3.5% in 2018, p < 0.001.>* The possible reason for the difference might
be due to the difference of antibiotic stewardship efforts, infection prevention, and control practices and the differences in
study design since the later study used a large amount of national antimicrobial resistance data.

In the current study, the trends of carbapenem-resistant P. aeruginosa were not statistically significant (p=0.99).
Consistent with the findings of the study from Beirut, Lebanon.>* However, this contradicts the findings of Taiwan
Surveillance of Antimicrobial Resistance (TSAR) from 2000 to 2010, which reported a statistically significant increase in
carbapenem-resistant P. aeruginosa (p=0.007).>° The observed difference could be attributed to differences in study
design, as well as geographical differences.

Overall Antimicrobial Resistance
During the study period, Acinetobacter species demonstrated the highest resistance to piperacillin/tazobactam (85.5%),
extended-spectrum cephalosporins (ceftazidime 94.6%, ceftriaxone 94.1%, and cefepime 90%) and lowest resistance to
aminoglycosides (amikacin 31.5%, and tobramycin 51.7%) and carbapenems (imipenem 59%) Table 2. Although the
prevalence of resistance is higher in our study, the result is partially in agreement with studies from Sidama, Ethiopia,**
and Northeast Ethiopia,'®'® which reported the highest resistance to extended-spectrum cephalosporins and piperacillin/
tazobactam and lowest resistance to aminoglycosides and carbapenems.

Pseudomonas aeruginosa showed the highest resistance to cefepime (42.1%), ceftazidime (35.4%), and ciprofloxacin
(24.8%) during the study period, and the lowest resistance to amikacin (10.3%), tobramycin (11.7%), and gentamicin
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(12.9%) Table 3. Our findings are in line with the findings of studies from Ethiopia; Sidama, Ethiopia,”* and Northeast

Ethiopia'®'®

which reported higher resistance to cephalosporins (ceftazidime and cefepime) and lower resistance to
aminoglycosides (amikacin, gentamicin, and tobramycin). The high prevalence of extended-spectrum cephalosporin
resistance observed against these organisms could be attributed to the overprescription of these antibiotics in Ethiopia,

even for minor infections.

Limitations

Due to the retrospective nature of our work, we did not analyze underlying patient health conditions and risk factors for
carbapenem resistance. Furthermore, we did not use a Polymerase chain reaction to detect genes responsible for
carbapenem resistance.

Conclusion

In this study, we reported a high prevalence (61%) and statistically significant increasing trends of carbapenem-resistant
Acinetobacter species (p=0.013) between 2017 and 2021. However, the trend of carbapenem-resistant P. aeruginosa was
not statistically significant. Both carbapenem-resistant Acinetobacter and P. aeruginosa had a lower resistance rate to
aminoglycosides such as amikacin and tobramycin. Moreover, to reduce infections caused by these bacteria, strengthen-
ing antimicrobial surveillance, antibiotic stewardship, and infection control at the health facility level is important.
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