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Abstract

Background: Multidrug-resistant (MDR) Acinetobacter baumannii is of serious health concern and associated
with high mortality. Data regarding the antibiotic resistance pattern of A. baumannii strains in Oman is limited.
Objectives: To determine the antibiotic resistance pattern of A. baumannii from various clinical samples in
a tertiary care hospital in the North-Batinah region of Oman.

Methods: A. baumannii isolates recovered from various clinical samples in the Microbiology laboratory of
Sohar Hospital, Oman, during 2015-2019 were retrospectively analyzed. Organism identification and their
antibiotic resistance patterns were performed as recommended by the Clinical and Laboratory Standards
Institute.

Results: A total of 1890 A. baumannii nonduplicate isolates were found from clinical samples of 1326 patients.
The isolates were more frequently isolated from elderly patients (40%) and in-patient department
patients (67%). Infection/colonization was more common among patients treated in the medicine,
intensive-care unit, and surgery departments. A. baumannii strains were highly resistant (50-83%) to most of
the tested antibiotics, with the highest against ceftriaxone (83%) and ceftazidime (75%), and lowest against
colistin (1%) and tigecycline (8%). Among the isolates, 67% (1265) were MDR strains. Of these, 22%, 32% and
16% were resistant to all six, five and four classes of the tested antibiotics.

Conclusion: The study found that the frequency of isolation of MDR A. baumannii isolates in the northern
region of Oman is high.
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INTRODUCTION

The emergence and continued spread of antimicrobial-
resistant bacterial pathogens is a serious concern
wortldwide."? Acinetobacter baumannii is a dangerous
opportunistic nosocomial pathogen that has emerged

Access this article online

Quick Response Code:

Website:

www.sjmms.net

DOI:
10.4103/sjmms.sjmms_855_20

in recent years as an important cause of a wide range
of infections such as ventilator-associated pneumonia,
surgical wound infection, meningitis, and urinary
tract infection, especially in immunocompromised
patients.”¥ Its ability to exist and survive in dry and
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humid surfaces, particularly in the hospital surfaces
and equipment, makes controlling the nosocomial
transmission extremely difficult.>% In addition, recent
emergence of multidrug-resistant (MDR), extensively
drug resistant (XDR), and pandrug-resistant clones
of A. baumannii in hospital settings and the rapid
dissemination of these strains among hospitalized
patients has become a serious problem worldwide, as
they are difficult to treat and are associated with high
mortality.?*!

In Oman, a recent surveillance report from the Royal
Hospital, Muscat, showed an increasing trend in MDR
A. baumannii infection.""! Another study conducted
at Sultan Qaboos University, Muscat, showed a rise
in infections associated with nonfermenters such
as Psendomonas and Acinetobacter. ' A molecular
characterization analysis of MDR A. baumannii strains
from all six GCC nations revealed that 69% of MDR
strains carrying genes encode for OXA-23 and OXA-40
enzymes, which can confer it’s resistance against the
majority of antibiotics including carbapenems used for
treating A. baumannii infections.!""

The prevalence and antibiotic susceptibility pattern of
A. banmannii shows inter- and intra-national variations.
Knowledge regarding local prevalence, predisposing
factors, and the antibiotic susceptibility pattern of 4.
baumannii and other MDR pathogens is important for
better management of infections.”) From Oman, there
is a limited knowledge regarding the prevalence and
antibiotic susceptibility pattern of .A. baumannii. Hence, the
current study was carried out to determine the extent of
antibiotic resistance among A. baumannii isolates recovered
from various clinical samples at a tertiary care hospital in
North-Batinah region of Oman.

METHODS

This retrospective study included A. baumannii isolates
identified from various clinical samples collected at the
Microbiology Laboratory at Sohar Hospital, North-Batinah
region of Oman, between January 2015 and December
2019. Sohar Hospital is a 400-bed tertiary care public
hospital. The data were retrieved from Al-Shifa System
of Ministry of Health and the microbiology laboratory
records, and included socio-demographic characteristics
of the patients, clinical profile and antibiotic resistance
patterns of A. baunmannii.

The study was approved by the hospital’s Research and
Ethical Committee and the Ministry of Health, Oman.

Bacterial identification method and antibiotic
susceptibility testing

A. bawmannii isolates were recovered from different
clinical samples including blood, urine, respiratory
secretions, and others. The isolates were identified by
standard microbiological methods and the automated
Vitek 2 system (Bio-Mérieux, France). All repeat isolates
and the isolates recovered from the regions of most
likely colonization such as throat swab, perianal swab,
etc., were excluded from the study. Six major classes
of antibiotics, namely, beta-lactams, fluoroquinolones,
carbapenems, macrolides, aminoglycosides, and
sulfamethoxazole-trimethoprim, in addition to colistin
and tigecycline, were used to determine the antibiotic
susceptibility pattern of isolates.

Antimicrobial susceptibility testing was performed
by Kirby-Bauer’s disc diffusion method on
Muller-Hinton agar with the following antibiotic panel
using the Oxoid antibiotic discs: Gentamicin (10 ug),
trimethoprim-sulfamethoxazole (1.25/23.75 ug),
ciprofloxacin (5 ug), piperacillin-tazobactam (100/10 pg),
imipenem (10 Uug), meropenem (10 pg), amikacin (10 ug),
ceftriaxone (30 Ug), ceftazidime (30 pg), colistin (10 pg),
and tigecycline (15 pHg), as recommended by Clinical and
Laboratory Standards Institute (CLSI)."! For ceftazidime
and colistin, a minimum inhibitory concentration (MIC)

was determined by the Epsilometer test, as recommended
by CLSI.I"

Strains that showed nonsusceptibility to at least one agent
in three or more classes of antibiotics were categorized as
MDR organisms. The strains were defined as RO (absence
of resistance to all six classes of antibiotics), R1 (resistant
to one class of antibiotics), R2 (resistant to two classes of
antibiotics), R3 (resistant to three classes of antibiotics),
R4 (resistant to four classes of antibiotics), R5 (resistant
to five classes of antibiotics), and R6 (resistant to all six
classes of tested antibiotics). In agreement with previous
reports, the strains R3-R6 were considered as MDR
strains. Furthermore, R6 strains were categorized as XDR
A. banmanniz"?! Quality control was performed using
Escherichia coli ATCC 25922 and Pseudomonas aernginosa
ATCC 27853.

Statistical analysis

Data were cleaned for duplicates and repeat samples. The
frequencies of gender and age groups were tallied both in
total and year wise. A one sample Chi-square test was done
to determine the significance of mode values among the
classes. Department and sample wise isolates were classified
for descriptive purposes. Year-wise antibiotic susceptibility
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pattern was tabulated, and the trends plotted for the period
2015-2019.

RESULTS

A total of 1890 nonduplicate A. baumannii isolates were
found during the study period from various clinical samples
of 1326 patients. Table 1 shows the characteristics of
patients and bacterial isolates. There was no gender-wise
difference in the frequency of isolation (females: 52%;
males: 48%), but it was highest (40%) among those
aged >060 years (P < 0.0001).

Distribution and rate of isolation
Infection/colonization with _A. baumannii was more
commonly observed among patients admitted in the
hospital (67%) than those treated in the outpatient
department (24%) and peripheral health centers (9%).
Figure 1 shows department-wise distribution of clinical
samples. The rate of isolation was highest among patients
treated in the Department of Medicine (34%), followed
by Intensive Care Units (13%; ICUs), Obstetrics and
Gynecology (12%), and Surgery (11%). The rate of
isolation from patients treated in other departments
was <10%. A. banmannii was predominantly isolated from
the skin and soft tissue specimens (551; 29.2%), followed
by respiratory secretions (519; 28%), urine (481; 25%),
blood (160; 9%), catheter tip (48; 3%), and others (131;
7%,) |Figure 2].

Antibiotic resistance patterns

The antibiotic-resistance of 4. baumannii to trimethoprim-
sulfamethoxazole, amikacin, and gentamicin was 58%, 66%,
and 67%, respectively. The resistance to ciprofloxacin,
imipenem, meropenem, and piperacillin-tazobactam was

Table 1: Characteristics of patients and study isolates
Value, n (%)

Parameters

Number of patients (n=1326)

Number of in-patient department patients 889 (67)
Number of outpatient department patients (including 437 (33)
referrals and others)
Gender*
Male 633 (48)
Female 689 (52)
Age* (years)
0-20 210 (16)
21-40 408 (31)
41-60 200 (15)
>60 504 (38)
Year-wise distribution of isolates
2015 478 (25)
2016 316 (17)
2017 343 (18)
2018 414 (22)
2019 339 (18)

*Gender and age records of 4 patients were not found

in the range of 70%—72%, while the highest resistance
was against ceftazidime (75%) and ceftriaxone (83%).
The least resistance was observed to colistin (1%) and
tigecycline (8%). There was no significant variation in the
year-wise frequency and change in the antibiotic-resistant
pattern during the study period [Figure 3].

Of the total A. baumannii isolates, 67% (n = 1265) were
MBDR strains, of which 22% (278) were resistant to all the
six classes of tested antibiotics (XDR strains). In addition,
32% (596), 16% (304), and 5% (87) were resistant to five,
four, and three classes of antibiotics, respectively. There was
a gradual increase and decline in the resistance percentage
of R3 and R5 strains, respectively, from 2015 to 2019, while
the resistance percentage of R4 and R6 strains fluctuated
slightly during the study period |Table 2].

Of the total patients infected/colonized with A. baumannii,
MDR strains were recovered from 880 patients (66%), with
the majority (759; 86%) being admitted to hospitals. Nearly
35% (312/889) of in-patient department patients infected
with MDR strains died [Table 3]; however, the exact cause
of death was not analyzed in this study.

DISCUSSION

This study found that in the North-Batinah region of
Oman, A. baumannii strains have a high level of resistance
to most of the tested antibiotics, with the highest against
ceftriaxone (83%) and ceftazidime (75%), and the lowest
against colistin (1%) and tigecycline (8%). However, there
was no significant variation in the year-wise frequency
as well as change in the resistance pattern of the isolates
during 2015-2019. In contrast, a study from Iran found
that between 2012 and 2017 there was a gradual decrease
in the frequency of isolation; however, similar to our study,
there was a slight fluctuation in the antibiotic resistance
pattern during the study period.

Surgery 211(11%)

Referral 136 (7%)
Pediatrics 108 (6%)
Orthopedics 156 (8%)
OB-GYN 231 (12%)
Medicine 634 (34%)
ICU 237 (13%)
Emergency 177 (9%)
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Figure 1: Department-wise distribution of clinical samples
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There was no gender-based difference in the frequency
of isolation of A. baumannii in the current study, which is
in contrast with the findings of previous studies showing
a higher frequency of isolation among males.!"*""l Medical
and surgical interventions such as urinary and central
venous catheterization, mechanical ventilation, prior
surgery, etc., are potential risk factors associated with .
banmannii infection.'*'"! In the current study, the majority
of the patients had been exposed to one or more of these
interventions either in the wards or ICUs.

Patients treated in ICUs are generally immunocompromised,
and are exposed to various medical and surgical
interventions, thereby rendering them more prone to
acquiring infection. In the literature, the frequency of A.
banmannii isolation has been reported to be highest among

48 (3%)

131 (7%)

M Blood

M Catheter Tip
W Other

M Respiratory
M Skin

M Urine

Figure 2: Source of Acinetobacter baumannii isolates

ICU patients compared with other settings."*'” In contrast
to these studies, the A. baumannii strains in this study were
commonly isolated from clinical samples of patients treated
in the medical department compared with the intensive care
unit. This could be due to significant difference in number
of patients who had undergone medical intervention at
these two departments. Regarding the site, the frequency
of A. baumannii isolation was highest from pus and wound
swab (skin and soft tissue specimens) which is consistent
with the reports of Oberoi ¢/ al. and Sharma ez a/l'*")

The unrestricted use of broad-spectrum cephalosporins in
clinical practice due to their low toxicity compared to other
drugs and easy availability in community pharmacies has
played a key role in the emergence of resistance to these
drugs, as also observed in the present study.”” Studies from
Middle Eastern countries have reported that the emergence
of cephalosporin-resistant 4. baumannii strains in the
region is predominantly due to extended beta-lactamase
production through acquisition of bla.. ., bla, bla.g,,
and bla, B-lactamase genes.”* In addition, previous
studies from Oman have indicated high level increase in
resistance to piperacillin-tazobactam in the past 20 years,
while relatively lower resistance was reported against
aminoglycosides (gentamicin and amikacin) and quinolones.”!
However, resistance rate of 4. baumannii to aminoglycosides,
quinolones, and trimethoprim-sulfamethoxazole was also
significantly high in our study. This is congruent with
previous studies conducted wotldwide.”** The emergence
of high-level resistance could be due to antibiotic pressure
resulting from increased prescription of these drugs in recent
years in Oman.

o 100%
e 90%
g 80% /\/\(/
w 710% = ——— =
& 60% \// —= -
2 50%
40%
30%
20%
10%
0%
2015 2016 2017 2018 2019 Overall
—— Amikacin 73% 78% 69% 59% 76% 66%
—— Ciprofloxacin 76% 73% 76% 74% 69% 74%
—— Colistin 1% 0% 0% 0% 0% 0%
—— Trimethoprim-sulfamethoxazole 55% 48% 69% 63% 53% 58%
—— Ceftriaxone 82% 89% 81% 88% 73% 83%
—— Ceftazidime 7% 74% 77% 76% 72% 75%
Gentamicin 74% 70% 60% 66% 66% 67%
Imipenem 72% 73% 74% 76% 64% 72%
Meropenem 69% 70% 68% 7% 63% 70%
Piperacillin-tazobactam 74% 1% 72% 73% 70% 72%
——Tigecycline 2% 29% 0% 4% 14% 8%

Figure 3: Year-wise trend and overall antibiotic resistance pattern of Acinetobacter baumannii
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Table 2: Distribution of drug-resistant strains of Acinetobacter baumannii isolated from 2015 to 2019

Degree of resistance

Percentage

Total (n=1890), n (%)

2015 (n=478) 2016 (n=316)

2017 (n=343)

2018 (n=414) 2019 (n=339)

Non-MDR strains

RO 23 27
R1 5 3
R2 5 4
Total non-MDR strains
MDR strains

R3 3 4
R4 17 19
R5 35 32
R6 12 12

Total MDR strains

25
3
3

14
32
19

23 29 471 (25)
4 4 73 (4)
5 5 81 (4)
625 (33)
5 6 87 (5)
14 16 304 (16)
30 29 596 (32)
20 11 278 (15)
1265 (67)

MDR — Multidrug-resistant

Table 3: Association of multidrug-resistant infections and
death among in-patient department patients

Year In-patient deaths/total Resistance pattern (RO-R6) of
number of in-patients, dead patients (n)

n (%) RO R1 R2 R3 R4 R5 R6
2015 69/207 (32) 3 3 2 1 17 31 12
2016 65/171(38) 8 1 0 5 15 23 13
2017 71/167 (43) 2 1 1 5 9 33 20
2018 66/171(39) 1 1 0 9 1B 22 18
2019 67/168 (40) 2 2 2 3 23 27 8
Overall 341/889 (38) 16 8 5 24 79 138 71

Carbapenems such as imipenem and meropenem have been
the mainstay in the treatment of 4. baumannii infections since
the past two decades. However, an overwhelming increasing
trend of carbapenem resistance ranging from 50 to 100%
reported worldwide is of serious concern because it drastically
limits the therapeutic options.?**” Outbreaks caused by
carbapenem-resistant 4. baumannii (CRAB) have been reported
wotldwide including in the Middle East”™ The number of
studies reporting the emergence of CRAB have increased in
the past two decades, indicating widespread dissemination
of resistant clones wotldwide.” The two most noted clones
were designated as global clone 1 (GC1) and GC2. In the
present study, neatly three-fourth of the A. baumannii strains
were resistant to imipenem (72%) and meropenem (70%),
denoting an epidemiological concern. Alteration in efflux
pump and acquisition of genes encoding for production
carbapenem-hydrolyzing oxacillinase are the major resistance
mechanisms observed in CRAB.”*#! Plasmids, transposons,
and integrons are the major exchangeable genetic elements that
carry resistance genes. Molecular characterization in Middle
Eastern region and worldwide revealed bla .\, bla . , bla_ ,,
and bla  as the most commonly observed genes encoding
for carbapenem resistance.” ! These results raise questions
regarding the validity of carbapenems as first-line empirical
drugs for treating Acnetobacterinfections. Currently, treatment
options for CRAB infections are very limited, with colistin
and tigecycline as the last remaining options available.P"! The
present study results reinforce this, as the A. baumannii strains
were highly susceptible to colistin and tigecycline. This also

258

highlights the need to judiciously use these drugs to avoid

resistance.

In the current study, we also assessed the extent of drug
resistance in A. banmannii isolates. The resistance pattern
revealed that 67% of _A. baumannii isolates were MDR
strains, of which 22% were XDR strains. Most of the MDR
strains were isolated from patients hospitalized in ICUs,
surgery and medicine department, as they are often exposed
to different medical interventions. The findings of the
present study were consistent with the global studies, which
have reported high prevalence of MDR and XDR strains in
hospitalized, especially critically ill, patients.”* In addition,
the frequency of death among admitted patients infected
with MDR strains was significantly high (91%) compared
to those infected with non-MDR strains; howevet, the exact
cause of death was not recorded in the current study, and
further studies are required that can determine the mortality
rates directly associated with such strains. Another study
from Oman has reported significantly high mortality among
patients infected with MDR strains compared to non-MDR
strains. Additionally, longer length of hospital stays, critical
care admission, and the presence of comorbidities have
contributed to increased mortality.*

A major limitation of this study is lack of molecular
studies (genotyping) and determination of MIC values.
Therefore, it is recommended for a prospective study to
determine the MIC values and genotyping of A. baumannii
strains to identify prevalent drug-resistant clones in Oman.

CONCLUSION

The results of the study suggest high frequency of isolation
of MDR A. bawumannii isolates in the northern region of
Oman. This highlights the need for further strengthening
the surveillance to identify potential colonizers and
reservoirs of the microorganisms combined with antibiotic
stewardship program and for developing highly effective

Saudi Journal of Medicine & Medical Sciences | Volume 9 | Issue 3 | September-December 2021



Sannathimmappa, et al.: Pattern of A. baumannii resistance

infection control procedures in controlling emergence and
spread of drug-resistant strains in hospitals.
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