Jlm ‘ THE "‘;'\'"“‘l,‘j"{' \:?\ 7\';J ECT *i)'}
IN DEVELOPING COUNTRIES
Coronavirus Pandemic

Acinetobacter baumannii clinical isolates from outbreaks in Erbil hospitals
after the COVID-19 pandemic

Hazheer M Hamad', Hanan T Subhi’

" Department of Biology, Faculty of science and health, Koya University, Koya KOY45, Kurdistan Region - F.R. Iraq

Abstract

Introduction: Acinetobacter baumannii is endemic in hospital environments, and since the coronavirus disease 2019 (COVID-19) pandemic,
multidrug-resistant 4. baumannii has become more potent. This potential evolution is driven by the undetectable numbers of gene resistances
it has acquired. We evaluated the antibiotic-resistance genes in isolates from patients in Erbil hospitals.

Methodology: This is the first study to demonstrate the antimicrobial resistance epidemic in Erbil, Irag. A total of 570 patients, including 100
COVID-19 patients were tested. Isolate identification, characterization, antibiotics susceptibility test, polymerase chain reaction (PCR)
amplification of the antibiotic resistance genes in both bacterial chromosome and plasmid, 16S-23S rRNA gene intergenic spacer (ITS)
sequencing using the Sanger DNA sequencing, and phylogenetic analysis were used in this study.

Results: Only 13% of 4. baumannii isolates were from COVID-19 patients. All isolates were multi-drug resistant due because of 24 resistance
genes located in both the bacterial chromosome or the plasmid. blaTEM gene was detected in the isolates; however, aadB was not detected in
the isolated bacteria. New carbapenemase genes were identified by Sanger sequencing and resistance genes were acquired by plasmids.
Conclusions: The study identified metabolic differences in the isolates; although all the strains used the coumarate pathway to survive. Several
resistance genes were present in the isolates’ plasmids and chromosome. There were no strong biofilm producers. The role of the plasmid in
A. baumannii resistance development was described based on the results.
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Introduction

The emergence of multidrug-resistant bacteria
Acinetobacter baumannii has contributed to increasing
hospital-acquired infections [1]. The World Health
Organization (WHO) included this bacterium in the
‘global priority list of antibiotic-resistant bacteria’ due
to its high level of resistance to all antibiotic classes
resulting in difficulties in anti-infective treatment,
leading to a higher possibility of developing septic
shock [2,3]. Resistance rates as high as 70% have been
reported in the Middle East [4]. Carbapenem-resistant
Acinetobacter baumannii is important clinically and
epidemically due to its spread in intensive care units
(ICUs) via hospital environment contamination,
healthcare workers’ hands, and asymptomatic
colonization [5]. Cancer, immunodeficiency, and
COVID 19 patients are the most affected, and the
morbidity and mortality of COVID-19 patients increase
significantly with A. baumannii coinfection [6,7]. The
incidence of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) secondary infections
along with A. baumannii has been reported to vary from
1 to 1.4% in different counties [8-10]. The bacteria

acquire resistance mechanisms mostly through mobile
genetic elements and are therefore phylogenetically
variable. The bacteria can acquire integrons,
transposons, resistance islands, and insertion sequences
to increase their resistance [11,12].

The mechanism of action of carbapenem-resistant
Acinetobacter baumannii includes carbapenemase
hydrolysis by OXA-type carbapenemases, as well as an
alteration in porin and efflux pumps [13]. Efflux pumps
play a role in biofilm formation, DNA mutation, and
acquisition of antibiotics resistance in A. baumannii.
The outer membrane protein adeABC is the common
efflux pump resistance against diverse antibiotics [14].
The Ambler method classifies 4. baumannii j-
lactamases using molecular structures into four groups;
A, B, C, and D; however, the most potent class is the
class D B-lactamases or carbapenemases which include
blaOXA-51, blaOXA-23, blaOXA-24, blaOXA-58,
blaOXA-143, and blaOXA-235 [15]. Class D is
encoded both on the chromosome and the plasmid
genes, and has been detected in most regions of the
world [13,16]. Class A is mostly used in clinical
settings and encodes resistance to penicillin,
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cephalosporins monobactams, and carbapenems by
plasmid and other DNA mobile elements. Class C is
chromosomally encoded and confers resistance to
cephalosporins, carbapenems and sulbactam in all 4.
baumannii and is expressed by insertion sequences
ISAbal and ISAbal25. Class B in A. baumannii
includes four types of genes; IMP, VIM, NDM, and
SIMI, that are encoded in plasmids and integrons, and
hydrolyze all B-lactamases [16].

The aims of this study were phylogenetic
identification of the clinical isolates using biochemical
tests and 16S-23S rRNA gene intergenic spacer region
(ITS); evaluation of the antibiotic susceptibility profile;
and genetic detection of antibiotic resistance in
Acinetobacter spp. isolates obtained from Arzheen
Private Hospital, Al Jumhury Teaching Hospital, King
Medical Laboratory, and Nanakali Hospital for Blood
Diseases and Cancer. Arzheen Hospital is the major
hospital in Erbil and received COVID-19 patients. In
addition to identifying and sequencing OXA-type P-
lactamases gene in this bacterium, the study aimed to
determine the capacity of 4. baumannii acquired
resistance genes from different bacterial species.
Finally, the capability of the isolates to form biofilm
was analyzed.

Methodology
Sample collection

Samples were collected from 570 patients who were
treated at the four microbiology diagnostic laboratories
in Erbil city (Hawler), Iraq. Both inpatients and
outpatients were included in this study. 4. baumannii
were isolated from clinical samples (blood, urine,
sputum, abscess, and wounds) from October 1 to
December 31, 2021. Then the samples were directly
transferred onto blood agar and MacConkey agar
(Himedia, Mumbai, Maharashtra, India), except for
blood specimens which were directly transferred into a
special blood culture bottle, followed by cultivation and
incubation at 37 °C for 24 hours.

Bacterial isolate identification

The identification methods were based on
conventional biochemical tests, VITEK® 2 compact
system (BioMérieux, Marcy I’Etoile, France), and
polymerase chain reaction (PCR) [17]. All the isolates
were subjected to PCR, and targeted sequence analysis
of the 16S-23S rRNA gene ITS [18] (Supplementary
Tables 1 and 2).
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Antimicrobial susceptibility

Antimicrobial susceptibility testing was performed
on the 17 isolates by the automated minimum inhibitory
concentration (MIC) detection method with microbroth
dilution (VITEK®, BioMérieux, Marcy I’Etoile,
France). Resistance to the antibiotics piperacillin
piperacillin/tazobactam, ceftazidime, cefepime,
imipenem, meropenem, gentamicin, netilmicin,
tobramycin, ciprofloxacin, levofloxacin, tetracycline,
tigecycline, colistin, and trimethoprim/sulfamethaxole
were determined following the guidelines of the
Clinical and Laboratory Standards Institute (CLSI).

Biofilm formation

Quantitative biofilm formation ability of A.
baumannii isolates was measured as described by [19].
Polystyrene microtiter plate based on the safranin
staining method was applied [20]. Briefly, nutrient
broth containing 1% (w/v) glucose was inoculated with
the isolate’s bacteria at ODgoo= 0.1, and the tubes were
incubated at 37 °C for 24 hours. Then, 20 puL of each
isolate broth was added to the wells followed by adding
180 pL of nutrient broth without bacteria and incubated
at 37 °C. After 24 hours, the broth was discarded, and
the adherent bacteria were washed twice with saline
water and left to dry. Then it was stained with 0.1%
safranin and incubated for 10 minutes. The stain was
washed using 200 pL distilled water and allowed to dry.
Finally, the absorbance of each well was measured at
490 nm using a BioTic ELISA reader (EL x 800;
Profcontrol GmbH, Schonwalde-Glien, Germany). The
controls included cultures without bacteria. The assay
was done in triplicate for each isolate.

The optical density cut-off value (ODc) was
measured and biofilm formation was detected using the
formula described by [21].

Genotypic identification
DNA extraction

After overnight sub-culture on MacConkey agar at
37 °C, bacterial DNA extraction was performed by
boiling several identical colonies in 100 pL of sterile
distilled water for about 15-20 minutes, followed by
centrifuging, and then the supernatant was used as the
DNA template.

Plasmid DNA extraction

A volume of 1.5 mL of overnight cultured bacterial
cells was transferred to a microcentrifuge tube. The
plasmids DNA were extracted by using High-Speed
Plasmid Mini Kit (Geneaid, New Taipei City, Taiwan),
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and visualized on a 1% agarose gel that was run at 75 V
for 60 min.

Gene amplification by PCR

All PCR reactions were performed in a total volume
of 25 uL, with reagents supplied by Promega (Promega,
Southampton, U.K.) according to the manufacturer’s
guidelines. The primers used in this study were supplied
by Eurofins MWG operon (Wolverhampton, U.K.;
Supplementary Table S1).

Molecular identification of isolates using 16S-23S rRNA
aTs)

PCR amplification was performed with 2 pL of
DNA template in an OmniGen Thermal Cycler (Hybaid
Limited, Middlesex, United Kingdom). The 1512F/6R
primer sets are described in Supplementary Table S1,
and the PCR conditions are summarized in
Supplementary Table S2. PCR products were
visualized using 1.5% agarose gel electrophoresis [18],
and then the amplicons were sequenced at the Immuno
Gene Center (Erbil, Iraq).
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Antibiotic resistance genes

Resistance genes of the isolates were determined in
both the chromosomes and plasmids by PCR
amplification. The isolate’s resistance gene detection
was performed as follows (Supplementary Tables 1 and
2):

1. OXA-type B-lactamases genes were identified
and followed by sequencing of the PCR
product.

2. Class A were blasgy and blarey genes,

Class B was blaypy gene,

4. Class D were blaoxs2s, blaoxs-27, blaoxs-s,
blaoxa-ss, blaoxavs, blaoxa-si, blaoxa-ss, blaoxu-
64, blaoxa-eo, blaoxa-zo, blaoxa.7i, blaoxs.7s, and
blaoxa.zs.

W

Table 1. Molecular identification of isolates by analysis and sequencing amplified ITS fragments and - lactamase genes.

Isol. 238/16SrRNA

B- lactamase gene

blaOXA-51-like blaOXA-23-like

blaNDM blaTEM

A. baumannii strain

2 Abau36 OXA-51 2 A. baumannii
3 A. baumannii AAéﬁggag;nAs:tsreln? A. baumannii
4 A. baumannii ,»le.bbaauLgrgag;(tgs_tsreln;l A. baumannii
5 A. baumannii strain
Abau36 OXA-51 2
6 A. baumannii
7 A. baumannii 15;:‘3’2“8;(1;5};?? A. baumannii
8 A. baumannii
9
10 A. baumannii 15;:‘3’2“8;(1;5};?? A. baumannii
A. baumannii strain
% .
11 A. baumannii Abau36 OXA-512
12 A. baumannii
13
14 P. aeruginosa
15
16
17 S. maltophilia strain A baumannii®

A. baumannii strain carbapenems resistance

A. baumannii strain beta-lactam
resistance HK22 °

A. baumannii strain IPK-9 subclass Bl
metallo-beta-lactamase NDM-42 (blaNDM)?

A. baumannii

A. baumannii

A. baumannii strain IPK-9 subclass Bl
metallo-beta-lactamase NDM-42 (blaNDM)?

A. baumannii strain beta-lactam
resistance HK22 °

A. baumannii strain beta-lactam

HK19* resistance HK22 3

A. baumannii strain IPK-9 subclass Bl
metallo-beta-lactamase NDM-42 (blaNDM)?

A. baumannii strain beta-lactam
resistance HK22 °

A. baumannii strain carbapenems resistance

HK19*

A. baumannii strain IPK-9 subclass Bl
HK' metallo-beta-lactamase NDM-42 (blaNDM),>°

Isol., Isolates; A.baumannii, A. baumannii; P. aeruginosa, Pseudomonas aeruginosa; S. maltophilia, Stenotrophomonas maltophilia. * The isolate was coinfected with E.
coli. 'New strain in this study; Genebank accession number: OP422244. 2 New OXA-51 family class D beta-lactamase from A.baumannii , submitted on 25 May 2022.
French National Reference Center for antibiotics resistance, University Hospital of Besancon, France. * Novel gene submitted on 7 March 2022 in Japan. * New strain of
beta-lactamase (blaypy) gene in this study; Genebank accession number: OP572243. 5 A. baumannii new strain of beta-lactamase (blarzys) gene in this study; Genebank
accession number OP572244. ¢ New strain of S. maltophilia beta-lactamase bla,, 5; like gene and blaypy, gene in this study; Genebank accession numbers OP595162,

OP595163.
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Antibiotic resistance genes detection Figure. 1. Amplification of Acinetobacter spp. DNA with 1512F
The following resistance genes were identified: and 6R primers and resolution of PCR products by 1.5% agarose
1. Streptomycin strA4 and strB. gel electrophoresis (75 volts for 1 hour).
2. Tetracycline tetA and tetB.
3. Fluoroquinolone gyrd, parC 1% 78 4 s e T 0t 11 12013 14 15 e 7. 8 (19 20 21
4. Sulfonamides sul I, sul II
5. Macrolides mph(E), msr(E), erm 42
6. Efflux pumps conferring antibiotic resistance

msr(E), adeB

7. Aminoglycoside aph(3°)-VI, aacA4
8. Trimethoprim dhfrl _
. .. Well 1, 100-bp DNA ladder; followed by isolates 1, 2, 3,4, 5,6, 7, 8, 9,
9. aadB} confers tobramycm, gentamicin, and 10; well 12, 100-bp DNA ladder; well 13, isolate 11; well 14, isolate12;
kanamycin resistance. well 15, isolate 13; well 16, negative control; well 17, isolate14; well 18,

DNA sequence analysis was performed for both isolate15; well 19, isolate 16; well 20, isolate 17; and well 21: E. coli.

strands (forward and reverse primers) by the Immuno
Gene Center (Erbil, Iraq). Online similarity searching
was performed with the Basic Local Alignment Search
Tool (BLAST) program in GenBank.

isolates were identified as 4. baumannii by ITS
sequence analysis (Supplementary table S6), and 2
isolates were identified as Pseudomonas aeruginosa
(isolate14) and Stenotrophomones maltophilia novel
strain (accession number OP422244, submitted to
ReSL!Its . R GenBank). The accession numbers are listed in Table 1.
Identification of the clinical isolates Although 9 isolates resulted in multiple PCR

Among the 570 samples, 23 (4.04%) were products, as visualized through gel electrophoresis, the

identified as .A' b aqmannii based on ®the colony bacteria were identified as A. baumannii with the
morphology, biochemical test, and VITEK"™ 2 Compact VITEK® 2 Compact system and p-lactamases genes

system (Supplementary tables 83, S4, and S5). sequencing analysis (Table 1 and Figure 1).
Out of the 570 samples, 100 were COVID-19

patients’ samples, and 13 (13%) strains of A. baumannii
were isolated from these samples. All 13 isolates of

COVID-19 patients were used in this study. In addition, production of biofilm; moderate biofilm formation was

two COYID' 1.9 patient.s had coinfection with detected in 7 (41.2%) isolates, weak biofilm formation
Escherichia coli and Klebsiella pneumonia. was detected in 6 (35.3%) isolates, and 3 (17.6%)

The results of mole'cular' identification b},’ analysis isolates did not form biofilm. However, the number of
of ITS fragments amplification and sequencing of 17 non-biofilm-forming isolates was statically non-
isolates with primers 1512F and 6R are shown in significant (Table 2).

Figure.1. It was noted that 8 strains produced a single
band on agarose gel electrophoresis; out of these 6

Biofilm formation
The bacterial isolates had variable responses to the

Table 2. Biofilm formation in the bacterial isolates.
ODy490 nm Biofilm ability

Strains (mean + SD) formation )4 t-test Standard error  Statical significance
1 0.05033 £ 0.00107 No 0.9845 0.0206 0.016 non
2 0.07767 £ 0.0101 Weak 0.1794 1.6255 0.017 non
3 0.1877 £ 0.0535 Medium 0.0167 3.9588 0.035 significant
4 0.1347 £0.0335 Medium 0.0279 3.3749 0.025 significant
5 0.1433 £0.0117 Medium 0.0058 5.3742 0.017 very significant
6 0.1527 £ 0.0477 Medium 0.0321 3.2249 0.032 significant
7 0.08933 £0.0182 Weak 0.109 2.0553 0.019 non
8 0.05333 +£0.00107 No 0.8453 0.2081 0.016 non
9 0.1443 £ 0.00786 Medium 0.0048 5.6725 0.017 very significant
10 0.063 £ 0.0037 Weak 0.4656 0.8057 0.016 non
11 0.1493 £ 0.0246 Medium 0.0097 4.6426 0.021 very significant
12 0.1207 £ 0.0252 Medium 0.0308 3.2701 0.022 significant
13 0.057 £0.00333 No 0.6863 0.4346 0.016 non
15 0.06633 +0.00324 Weak 0.3679 1.0142 0.016 non
17 0.1027 £ 0.00656 Weak 0.0327 3.2066 0.016 significant
(14) P. aeruginosa 0.073 £ 0.00733 Weak 0.2368 1.3903 0.017 non
Control 0.05 +0.00277

OD < 0.23 indicates strong; OD = 0.12 indicates medium; OD: 0.06-0.12 indicates weak; OD > 0.06 indicates no. OD, optical density.
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Plasmid detection

Plasmids, of size > 30 kb, were detected in 17
isolates (Supplementary Figure 1). The plasmids were
screened by PCR for the presence of antibiotic
resistance genes (Table 3, Supplementary Table 6 and
Supplementary Figure 1)

Antibacterial susceptibility detection

The MIC of antibacterial agents was determined in
isolates by VITEK® 2 compact system (BioMérieux,
Marcy I’Etoile, France). All isolates showed sensitivity
to colistin at MIC > 0.5 pg/mL, while they showed high
level of resistance to B-lactam and fluoroquinolone
antibiotics (Table 4).

Detection of resistance genes on bacterial chromosome
Detection of B-lactamase (OXA carbapenemase) genes and

sequencing
A single amplicon was observed for all (genomic)

species in the detection of B-lactamases gene. All 15
isolates of A. baumannii were carbapenemase
producers; however, blaoxass and blasyy genes were not
detected in any isolate (Table 3 and Supplementary
Table 6). The four B-lactamases genes (blaoyaz:-like
genes, blaoxa.si-like genes, blargy, and blanpy) were
detected in 4 (26.7%) isolates; three B-lactamases genes
(blaoxa-si-like gene, blarey and blanpy) were detected
in 5 (33.3%) isolates; two P-lactamases genes (blareum
and blanpy) were detected in 2 (13.3%) isolates; and
one f-lactamases gene (blarey) was detected in 2
(13.3%) isolates. Thus, most isolates harbored more
than one carbapenemase production genes. The
sequencing analysis of blaox42s-like genes and blaoxasi-
like gene amplicons revealed that all isolates had an
identical nucleotide sequence, but sequencing blargu
and blaypy revealed nucleotide identity of E. coli and
Klebsiella pneumonia plasmid genes. These new strains
were named HKI19 NDM, and HK22 TEM and
submitted to GenBank under accession number
OP572243 for blaypy and OP572244 for blargy. Tablel
lists all the detected p-lactamase genes, and

Table 3. Percentage of chromosomes and plasmids in A.
baumannii isolates with f-lactamase gene.
% Detection in

. , % Detection in
isolates

Genes encoding f-

lactamases chromosome DNA isolates’ plasmid
blaoya s like' 62.5 18.8
bl&l())(,;.zj.ll-ke2 333 46.7
b[a[))m,jx,ll'kej 0 20

blazey 100 0

blasyy 0 26.7
blanpyu 80 53.3

!'Includes blagxa-si-, blaoxa-ss-, blaoxa-e4-» blaoxa-eo-, blaoxa-70-, blaoxa-71-,
blaoxa7s. and blaoxa.7z like genes. ? Includes blaoxaas., blaoxa27., and
blagxa.9.like genes. * Includes blagx,.ss. and blapxa.os like genes

J Infect Dev Ctries 2024; 18(9.1):S56-S66.

Supplementary Table 6 includes genetic analyses of
isolates. Interestingly, all tested B-lactamase genes were
present in bacterial plasmids, except blarzm.
Furthermore, the genes which were absent in the isolate’s
chromosome, existed in the isolate’s plasmid (Table 1;
Supplementary Table 6 and Supplementary Figures 2, 3,
4, and 5).

Detection of antibiotics resistance genes
Genes encoding efflux pump: msr(E), adeB

Enhanced expression of efflux pump genes in A.
baumannii confer resistance to aminoglycosides,
quinolones, tetracyclines, and trimethoprim. The efflux
pump gene adeB is a part of AdeABC pump that is
essential for the antibiotic resistance mechanism in A.
baumannii. The detection rate of the adeB gene was
reported to be highest in clinical isolates of A.
baumannii compared to other strains [22]. This
amplicon was found in 14 (76.5%) isolates at 200 bp
product size; plasmids of all isolates harbored this gene
(Table 2). Based on ITS region sequencing, two isolates
were identified as not 4. baumannii (Supplementary
Figure 6). However, msrE gene was not found in the
chromosome of all isolates. The msr protein is
responsible for resistance to macrolides [23] and 5
(33.3%) isolated plasmids contained the msrE gene
(Supplementary Tables 7 and 8; Supplementary Figures
6 and 7).

Gene encoding macrolides, mph(E), msr(E), erm 42
The macrolides resistance genes, except the msrE,
were absent, even in plasmids.

Genes encoding aminoglycosides aadB, aph(3’)-VI, and
aacA4

The aadB gene confers resistance to
aminoglycosides such as tobramycin, gentamicin, and
kanamycin. However, 17 isolates lacked the aadB gene.
In addition, 4 (26.7%) isolates carried the aacA4 gene,
and 11 (73.3%) isolates carried the aph(3’)-VI gene in
their chromosomes. In the case of plasmids, 13 (86.7%)
carried the aacA4 gene and 100% carried the aph(3’)-
VI resistance gene (Supplementary Figures 8 and 9).

Gene encoding streptomycin resistance, str4 and strB

The strA and strB genes coexisted in the
chromosomes of 11 (73.3%) isolates and in all isolated
plasmids (Supplementary Figure 10).

Gene encoding tetracycline resistance, fet4 and tetB
Out of the 17 isolates analyzed by multiplex PCR,
1 (6.7%) carried tet4 gene, and 11 (73.3%) carried tetB
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gene, while 4 (26.7%) and 13 (93.3%) plasmids
amplified the tetracycline resistance genes tet4 and tetB
respectively (Supplementary Figure 11).

Gene encoding fluoroquinolone resistance, gyrd, parC

Amplification of the parC and gyr4 genes indicated
that these two genes were prevalent in all 15 strains, in
both chromosome and plasmid (Supplementary Figures
12 and 13).

Gene encoding sulfonamides, sull, sulll

The sulfonamide resistance genes were found in
both chromosomes and plasmids of isolates. Sull was
detected in 11 (73.4%) isolates; Sulll was present in 6
(40%) isolates; and the two genes were detected in all
(100%) plasmids of isolates (Supplementary Figure

14).

Gene encoding trimethoprim, dhfi]

Interestingly, the trimethoprim gene dhfrl was
encoded by only 5 (33.3%) plasmids isolated, whilst
this gene was absent in the chromosomes of all isolates

(Supplementary Figure 15).

J Infect Dev Ctries 2024; 18(9.1):S56-S66.

Overall, although the macrolide and trimethoprim
resistance genes were detected in fewer isolates, the
strains harbored several antibiotic resistance genes that
were acquired from other bacterial genera
(Supplementary Table 9).

Discussion

The goal of this study was to determine the
resistance characteristics in A. baumannii, by taking a
“snapshot” of this complex bacteria during a pandemic.
Based on this study, it is obvious that there is a
significant outbreak of multidrug resistant A.
baumannii infections in hospitals.

A significant portion of the isolates were from
COVID-19 patients (13%) and this may indicate the
nature and severity of this disease among the patients.
Most of the COVID-19 patients were in intensive care
units (ICUs). Only 7 (1.23%) isolates were from urinary
tract infections (Supplementary Tables 10 and 11).

Studies conducted in the pre-COVID-19 period,
such as the study during the period 2018-2019 in
Duhok, Iraq reported that 6.8 % A. baumannii were

Table 4. Antibiotics susceptibility testing by VITEK® 2 Compact system on A. baumannii isolates.

Antimicrobial agent

Inhibited zone diameter

No. (%) of isolates

Piperacillin >128 17 (100)
Piperacillin/Tazobactam >128 17 (100)
Ceftazidime > 64 15 (88.2)
>32 2(11.8)
Cefepime 1 1(5.9)
16 1(5.9)
>32 12 (70.6)
> 64 3(17.6)
Imipenem 1 1(5.9)
>16 16(94.1)
Meropenem <10 2(11.8)
>16 15(88.2)
Gentamicin <1 6(35.3)
8 1(5.9)
>16 11(64.7)
Netilmicin >32 7 (53.8)
16 1(7.7)
4 4 (30.8)
2 1(7.7)
Tobramycin >16 6 (42.9)
4 1(7.1)
2 1(7.1)
<1 6(42.9)
Ciprofloxacin >4 16 (94.1)
Levofloxacin >8 17 (100)
Tetracycline >16 13(92.9)
4 1(7.1)
Tigecycline >8 1(7.7)
4 8(61.5)
2 3(23.1)
>0.5 1(7.7)
Colstin >0.5 17 (100)
Trimethoprim/ >320 13 (76.5)
Sulfamethaxole 80 1(5.9)
>20 3 (17.6)

MIC: minimum inhibitory concentration.

No. (%) of isolates tested

Susceptible Intermediate Resistant
0 0 17 (100)
0 0 17 (100)
0 0 17 (100)
1(5.9) 0 16 (94.1)
1(5.9) 0 16 (94.1)
2(11.8) 0 15(88.2)
6(35.3) 1(5.9) 11(64.7)
5(38.5) 1(7.7) 7(53.8)
8(57.1) 0 6(42.9)
1(5.9) 0 16 (94.1)
0 0 17 (100)
1(7.1) 0 13 (92.9)
2(15.4) 8(61.5) 1(7.7)
17 (100) 0 0
3(17.6) 0 14 (82.4)
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isolated from burn and sputum samples [24]. In a
similar study in Baghdad, A. baumannii was found in
12.82% of urine samples, and 11.94% of sputum
samples [25]. When we compare these findings to our
study, we note an increase in the number of isolates
after the COVID-19 pandemic.

Our findings can be categorized into three levels: 1)
characteristics of the isolates related to the
pathogenesis; 2) antibiotics resistance and emergence
of epidemic; and 3) sequencing of bacterial genes
leading to investigating altered characteristics of the
isolates.

Biofilm formation was detected in 41.2% isolates.
Despite the presence of several resistance genes in all
isolates, there was no significant biofilm formation in
some. Several studies in the past have found that A.
baumannii multidrug resistance is associated with
biofilm formation [26-28]. Furthermore, plasmids of
size > 3 kbp were extracted from all isolates, indicating
the same plasmid lineage. Bioinformatics analysis
concluded that only 34.6% of A. baumannii plasmids
possessed multidrug resistance genes and belonged to
14 plasmid lineages out of the 21 A. baumannii plasmid
lineages described previously [29]. Usually, the small
plasmid size in 4. baumannii is difficult to transfer, and
alternative mechanisms for transformation are used.
Moreover, in the > 20 kb plasmids resistance genes are
within mobile genetic elements such as transposons and
integrons, or excised phage. The plethora of antibiotic
resistance genes on plasmids promotes survival of 4.
baumannii in clinical environment [30].

A second striking finding of this study is the large
number of antibiotic resistance genes identified in the
isolates. All isolates had eight or more resistance
determinants. Our genetic analysis revealed that the
blarem were found in all of the chromosome strains.
More significantly, we also detected the presence of the
blaxpm in 80%, blaoxa-si-like gene in 62.5 %, and
blaoxa-23-like gene in 33.3% isolates. The blaoxa-ss-like
gene and blasgy were not detected. In the case of
plasmids, resistance genes blargm, blanpm, blaoxa-si-like
gene, blapxa-23-like gene, blaoxa.-ss-like gene, and blasny
were detected in 0%, 53.3%, 18.8%, 46.7%, 20% and
26.7% respectively. Thus, the blargm gene was
disseminated in the isolates’ chromosome and
contributed to piperacillin, piperacillin/tazobactam, and
ceftazidime resistance in 100%; cefepime and
imipenem resistance in 94%; and meropenem resistance
in 88.2% of the carbapenem-resistant isolates in this
collection.

This analysis contrasted to previous studies [31-40],
where intrinsic and chromosomally located OXA-51-

J Infect Dev Ctries 2024; 18(9.1):S56-S66.

like P-lactamases; and acquired OXA-23-like and
OXA-58-like B-lactamases were found in carbapenem-
resistant 4. baumannii isolates. blaox.>3 was found to
be responsible for imipenem resistance in the majority
of strains and added to resistance mechanisms by
horizontal gene transfer [33]. In addition to the most
common carbapenem-resistant Acinetobacter
baumannii mechanisms is the presence of oxacillinases
OXA-23, OXA-58, and NDM-like B-lactamases [38].
Carbapenem-resistant Acinetobacter baumannii class D
in this study belonged to international clonal lineage I1
(ICL-II), and most strains were isolated from patients in
intensive care units (ICUs) [34].

New nucleotide sequences of B-lactamase genes
were identified in different isolates (Table 1). These
genes sequences, located in the blaxpm and blatem genes
were acquired from the Enterobacteriaceae genera by
transferring mobile genetics elements in the ICU
patients. These were identified as coinfections and may
act as a potential link to higher levels of carbapenem
resistance, except for colistin (Figure 1 and 2). The
other P-lactamase gene sequences included in the
analysis of this study were identified in the NCBI gene
bank after COVID-19 outbreaks; this may be an

Figure 2. Distance tree of the new blanpyu gene of A. baumannii
(Genebank accession number OP572243) which was isolated
from COVID-19 ICU patients demonstrating the origin of the
new gene from horizontal gene transfer.

4 |CP160189.1:82991-83692 Escherichia coli strain A2 plasmid unnamed1 complete sequence
g0 | CP160030.1:15780-16481 Kiebsiella pneumoniae strain KP WXD plasmid pCTX-M-KP WXD complete sequence
CP160159.1:3301593-3302294 Salmonella enterica subsp. enterica strain N23-3186 chromosome complete genome
CP138226.1:75040-75741 Klebsiella pneumoniae strain 18Y001710 plasmid unnamed2 complete sequence
CP144872 11144412145 Klebsiella pneumoniae strain TC KPN15 plasmid unnamed2 complete sequence
CP144868.1:9978-10679 Kebsiella pneumoniae strain TC KPN18 plasmid unnamed2 complete sequence
PP854071.1.71597-72298 Escherichia coli strain F90S1 plasmid pF90S1 complete sequence
PPB54072.1:71598-72299 Escherichia coli strain F31F2 plasmid pF31F2 complete sequence

PP854073 1.72388-73089 Escherichia coli strain F80P3 plasmid pF80P3 complete sequence
PPB54074.1:71581-72282 Escherichia coli strain F15S2 plasmid pF1552 complete sequence
PPB54075,1:116975-116676 Escherichia col strain F80B plasmid pF80B complete sequence
PP626410.1:10237-10938 Citrobacter freundii strain L-1-27-2 plasmid pTEM-1272 complete sequence
CP161339.1:11877-12578 Escherichia coli strain PEC1012 plasmid pPEC1012 complete sequence
CP162030.1:144848-145549 Kiuyvera intermedia strain L-40-1 plasmid unnamed1 complete sequence
CP162184.1:4376-5077 Klebsiella pneumoniae strain STK113-E plasmid unnamed

CP162200.1:64805-65506 Escherichia coli strain STK39-3-E plasmid pSTK39-3-E-B complete sequence
OR805764.1:154854-155215 Escherichia col strain X5726 plasmid pUR5726 complete sequence
OR805764.1:117029-117730 Escherichia coli strain X5726 plasmid pUR5726 complete sequence
OR065477.1.69292-69993 Escherichia col strain 1.3LIP3-1 plasmid pLIP3 1 complete sequence
OR965478.1:66874-67575 Escherichia coli strain 1.3LJPS-1 plasmid pLIPS 1 complete sequence
PP320254.1:38607-39308 Escherichia coli strain 03A16CRGN003 plasmid p03A16003 A OXA complete sequence
PP320298,1:180135-180836 Citrobacter freundsi strain 20A20CPO008 plasmid p29A20008 B OXA complete sequence
PP320299.1:48989-49690 Citrobacter freundii strain 20A21CPO004 plasmid p29A21004 A OXA complete sequence
PQO37599.1:103-804 Escherichia col strain VU/112 class A beta-lactamase TEM-253 (blaTEM) gene blaTEM-253 allele complete cds
CP162384 1:22352-23053 Kiebsiella pneumoniae strain Kp5 plasmid IncR-CTX-M-15 complete sequence
CP146891.1:1453-2154 Escherichia ol strain 2-C14-1 plasmid p1 complete sequence

CP146894.1:1453-2154 Escherichia ol strain C21-2 plasmid p1 complete sequence

CP146895.1:91311-92012 Klebsiella pneumoniae strain 2-C37-1 chromosome complete genome
CP146898.1:91311-92012 Klebsiella pneumoniae strain C20-1 chromosome complete genome

g

CP162902.1:1242483-1243184 Salmonella enterica subsp. enterica strain 2742 chromosome complete genome
CP162604.1:54903-55604 Escherichia col strain PEC1020 plasmid pPEC1020-1 complete sequence
CP162481.1:7329-8030 Enterobacter cloacae strain FAHZZU7865 plasmid punnamed complete sequence
CP162409.1:9079-0780 Escherichia col strain PEC1021 plasmid pPEC1021-3 complete sequence
PP320297.1:65684-66385 Citrobacter freundii strain 20A20CPO001 plasmid p29A20001 A OXA complete sequence
PP320296, 165684-66385 Citrobacter freundii strain 20A19CPO016 plasmid p20A19016 B OXA complete sequence
PP320255.1:101379-102080 Escherichia col strain 03A17CRGN001 plasmid p03A17001 A OXA complete sequence
CP149638 2:86006-86707 Kiebsiella pneumoniae strain Kpn XM12 plasmid p1 XM12 complete sequence
CP162193.1:23112-23813 Klebsiella pneumoniae strain STK71-E plasmid pSTK71-E-B complete sequence
CP160644 1:14452-15153 Escherichia col strain PEC1003 plasmid pPEC1003 complete sequence
CP157263.1:326-1027 Escherichia o strain GABEEC132 plasmid pGABEEC132 1 complete sequence

CP144883 1:26568-27269 Kiebsiella pneumoniae strain TC KPNO4 plasmid unnamed complete sequence
CP144867.1:80193-80894 Klebsiella pneumoniae strain TC KPN18 plasmid unnamed1 complete sequence
CP144871.1:80193-80894 Kebsiella pneumoniae strain TC KPN15 plasmid unnamed1 complete sequence
CP144876.1:12164-12865 Klebsiella pneumoniae strain TC KPN10 plasmid unnamed2 complete sequence
CP160469.1:20664-30365 Escherichia coli strain PEC1009 plasmid pPEC1009.1 complete sequence
CP138233.1:92601-93302 Escherichia col strain EC958 plasmid unnamed! complete sequence
CP160184.1:4768726-4769427 Salmonella enterica subsp. enterica strain N22-2793 chromosome complete genome

CP160153.1:4834847-4835548 Salmonella enterica subsp. enterica strain N22-3044 chromosome complete genome
0Z7111422.1:94800-95501 Kiebsiella pneumoniae strain Zagreb019 genome assembly plasmid: 2
0Z111417.1:110402-111103 Klebsiella pneumoniae strain Zagreb014 genome assembly plasmid: 2
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indication that the disease outbreak is promoting an
epidemic of resistant 4. baumannii. In addition, the
identification of these B-lactamase genes in the NCBI
gene bank during the COVID-19 pandemic, suggests a
potential for global dissemination. The sequence
analysis has also shown that the new strain
Stenotrophomones maltophilia strain HK in our study
has A. baumannii B -lactamase, blaoxa.si-like genes and
blaNDM.

Most importantly, carbapenemase producing
Acinetobacter spp. were disseminated in many Erbil
hospitals. Interestingly, 100% of isolates from the 5
hospitals produced B-lactamase. The study also noted
that extended-spectrum  [B-lactamases (ESBLs)
producing isolates including blargm and blasyy were
much more prevalent (100%) than those with OXA (-
lactamases producing blargm and blasyy and confer
resistance to cephalosporins (cefotaxime, ceftriaxone,
ceftazidime, and aztreonam). More importantly, the
new blarem carrying isolates were detected (Table 1).
blarey and blasyy that are encoded frequently by
plasmids carry resistance to other antibiotic classes [36]
contributing to the high numbers of different resistance
genes in isolated plasmids in this study. The blarz was
encoded by 100% of bacterial chromosomes, whereas
blasyy was encoded by 26.7% of plasmid.
Consequently, the role of plasmids is essential in gene
transfer to bacterial chromosomes to increase A.
baumannii pathogenicity.

It is notable that these isolates carried resistance
genes gyrd, and parC, that confer resistance to
fluoroquinolone, on both plasmids and chromosomes,
which exhibited phenotypically as 94% resistance to
ciprofloxacin and 100% resistance to levofloxacin.

On the other hand, the resistance to gentamycin,
netilmicin, and tobramycin were 64.7%, 53.8%, and
42.9% respectively. Interestingly, the resistance genes
of this group were encoded 100% in plasmids and
73.3% in chromosomes; except aadB which was not
encoded by the bacteria. aadB is responsible for
tobramycin resistance [37].

Efflux pump gene aacA4 which is related to
aminoglycosides resistance was encoded 86.7% in
plasmid and 26.7% in the chromosome; whereas the
AdeB which is involved in the resistance to other
antibiotics such as tigecycline lactams,
chloramphenicol, erythromycin, and tetracycline was
encoded 100% in plasmid and 86.7% in the
chromosome.

Up to 92% tetracycline resistance was recorded and
the genes were encoded by the chromosomes (6.7%
TetA, and 73.3% TetB) and by the plasmids (26.7%

J Infect Dev Ctries 2024; 18(9.1):S56-S66.

TetA, and 93.3% TetB). The resistance genes for both
macrolide and trimethoprim were the least encoded
genes at 33.3% on plasmids; therefore, these antibiotics
would be effective on the majority of isolates. The
combination of trimethoprim with sulfonamide
resistance was 82.4%. This might be due to the presence
of the resistance genes (Su// and Sul/2 in 100%
plasmids, and 73.3% Su/l and 40% Sul2 in
chromosome).

Apart from the role of metabolic pathways that are
related to bacteria survival and pathogenicity (Table 4),
we demonstrated that 93.8% of the isolates metabolized
D-cellobiose, D-glucose, D-mannose, malonate, L-
lactate alkalinication, and succinate alkalinication; and
100% isolates metabolized coumarate. These metabolic
pathways are involved in bacterial virulence
determination [38]. Interestingly, utilization of the
sodium citrate and glutamyl arylamidace pNA was at
87.5% arylamidase activities, specific for basic amino
acid hydrolysis, and host tyrosine hydrolysis by specific
bacterial virulence factors [45,46]. Essential bacterial
virulence factors activate arylamidase to hydrolyze
tyrosine [39,40]. Interestingly, 87.5% of the isolates
utilized sodium citrate and glutamyl arylamidase pNA.
Significantly, sodium citrate and malonate inhibited
bacterial biofilm formation and decreased virulence
factors [41,42]. On the other hand, utilization of L-

Figure 3. Distance tree of the new blarem gene of A. baumannii
(Genebank accession number OP572244) which was isolated
from COVID-19 ICU patients demonstrating the origin of the
new gene from horizontal gene transfer.

i |LC744489 1:142283-142889 Escherichia col MyNCGMS18 plasmid pMyNCGHMS18 DNA complete sequence
s |LC744488.1:1959920200 Escherichia col MyNCGMS15 plasrmid phyNCGI515 DNA complete sequence

LG744490 1:10090-11591 Escherichia coll MyNCGMS20 plasmid pMyNCG520 DNA complete sequence

LC744491.1:19509.20200 Escherichia coli MyNCGHS23 plasmid phyNCGH523 DNA complete sequence

LC744497.1:19637-20238 Escherichia coli MyNCGMSS7 plasmid pMyNCGI557 DNA complete sequence

LC744501.1:7326-7927 Escherichia coli MyNCGMBOO plasmid phyNCGHBO0 DNA complete sequence

LC744512.1:19637-20238 Escherichia coli MyNCGHMES plasmid pliyNCGMBG DNA complete sequence

LC744515.1:19637-20238 Escherichia coi MyNCGHMO0 1 plasmid pMyNCGHS0 1 DNA complete sequence

CP102689.1:26696-26299 Kiebsiella pneumoniae strain GN4539 plasmid pGN4539-2 complete sequence

0Q595422.1:153.754 Escherichia col strain 6957 subclass B1 ctamase NDM-53 (biaNDM) ger IDM-53 allele compl

OR351943.1:242-843 Escherichia coli strain 93 subclass B metallo-beta-lactamase NDM-5 (biaNDM) gene blaNDIW.5 allele complete cds
CP137857.1.19651-20252 Eschers strain EF21 d pEF-2-NDM complete seq

OR744867.1.153-754 Enterobacter cloacae complex sp. strain VMC0017 NDM family subclass 81 metallo-beta-lactamase (blaNDM) gene partial cds
CP138475.1.16255-16856 Kiebseella pneumoniae subsp. pneumoniae strain KP96 L17 12.23 ST6796 NDMS plasmid pKPS6 virNDMS complete sequence
OR678921.1:212-813 Escherichia co strain LR 81 metallo-b NOM- blaNDI.S allele
ORT57264 1:153.754 Pantoea agglomerans strain VPADO2 NDM famiy subelass 81 metallo-beta-lactamase (blaNDM) gene partal cds
ORT57265 1:153.754 Pantoea agglomerans strain VPAOO1 NDM family subclass B1 metallo-beta-lactamase (blaNDM) gene partial cds
CP115824.1:11973-12574 Escherichia coli strain E1 plasmid pE1-NDMS complete sequence

CP148582 1:108950-109651 Escherichia cofi strain A1 S1.160 plasmid pA1 $1.160.c12 complete sequence
CP106955.1:137876-138477 Escherichia col strain T43 plasmid unnamed! complete sequence

CP160199.1:67325-87926 Eschenchia coll strain A2 plasmid unnamed1 complete sequence

CP162409 1:16442-17043 Escherichia col strain PEC1021 plasmid pPEC1021-3 complete sequence

CP162903 1:101928-102529 Saimonelia enterica subsp. enterica strain 2742 plasmid pST2742-1 complete sequence

MWS27062 1:15-817 Escherichia fergusonii strain S-8 NDM family beta-lactamase (blaNDM) gene partial cds

OP572243 1:1-603 Acinetobacter baumanni strain HK19 NDM family subclass B1 metallo-beta-lactamase (blaNDM) gene partial cds.
NG 157017 1:163-755 Escherichia coli biaNDM gene for subclass B1 metallo-beta-lactamase NDM-51 complete CDS
0Q442836.1:153-755 Escherichia col subclass B1 metallo-beta-lactamase NDM-51 (blahDM) gene biaNDM-51 allele complete cds
LC744487.1:19599-20200 Escherichia coll MyNCGMS512 plasmid pMyNCGM512 DNA complete sequence

CP162604.1:47640-48241 Eschenchi li strain PEC10; ki id pPEC1020-1 ol QU

CP160027 1:34615-35216 Escherichia coli strain 1000 plasmid unnamed2 complete sequence

CP138482 1:9871-10472 Kiebsiella pneumoniae strain KP045 plasmid pNDIA-5 KP045 complete sequence

CP137937 1:16286-16887 Escherichia coll strain 2023CK-00004 plasmid unnamed2 complete sequence

CP131917.1.19683-20284 Kiebsiella pneumoniae strain 234 plasmid p234-NDI.5 complete sequence

CP133853.1.100747-101348 Escherichia col srain ES4 plasmid pES4 NOMS complete sequence

AP028870.1.46799.47400 Escherichia col JBEHAAB.19.0176 plasmid pJBEHAAB-19-0176 NDM-OXA DNA complete sequence
LC778279.1:19325.19926 Escherichia col JBBDAGF-19-0019 plasmid p BBDAGF-19.0019 NOM.5 DNA complete sequence
CP133454.1:25020-25621 Escherichia coli strain CRECS plasmid pECS-NDMS

CP101837 1:14406-15007 Kiebsiella pneumoniae strain GN4549 plasmid pGN4549-2 complete sequence

CP114338.1:16286-16887 Escherichia coli strain 2022CK-00554 plasmid unnamed complete sequence

CP114341.1.16431-17032 Escherichia coli strain 2022CK-00557 plasmid unnamed! complete sequence

CP114345.1.16431-17032 Escherichia coli strain 2022CK-00558 plasmid unnamed complete sequence

CP114348.1.16266-16887 Escherichia col strain 2022CK-00559 plasmid unnamed1 complete sequence

LC744516.1:30008-30609 Escherichia coll MyNCGHSS 1 plasmid pMyNCGHMSS 1 DNA complete sequence

LC744510 1:4878-5479 Escherichia coli MyNCGMB45 plasmid plyNCGMB45 DNA complete sequence

LC744505 1:8182-8783 Escherichia coli MyNCGMS13 plasmid plyNCGMS13 DNA complete sequence

LC744500 1:148702-149303 Escherichia col MyNCGMS88 plasmid pMyNCGMS85 DNA complete sequence

LC744499 1:22954-23555 Escherichia coli MyNCGM570 plasmid pMyNCGM570 DNA complete sequence

LC744498 1:23507-24108 Escherichia coll MyNCGM5684 plasmid pMyNCGM584 DNA complete sequence

LC744496.1:32642-33243 Escherichia coli MyNCGMS39 plasmid pMyNCGI539 DNA complete sequence

LC744493.1:148704-149305 Escherichia col MyNCGMS30 plasmid pMyNCGMS30 DNA complete sequence

g
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proline arylamidase was 18.8%, tyrocine arylamidase
81.3%, urease 43.8%, L—histidine assimilation and
L—malate assimilation were 37.5 %, Ellman was 12.5
%, and L—lactate assimilation was 56.3%. 4. baumannii
reduced catabolism of mannitol and glutamate to
survive in the dry hospital environment; this shift in
metabolism pathway decreases growth and makes it
unable to metabolize various amino acids by gene
mutation [43].

Our study demonstrated the metabolic role of our
isolates in invading the immune system and causing
inflammation with sepsis through phenylacetic acid
catabolism pathway using coumarate enzyme. The role
of the coumarate (coenzyme A ligase) in evading host
immune system has been previously demonstrated
[44,45]. The phenylacetic acid catabolism pathway
regulates all isolates to evade host immunity through
the coumarate enzyme (coenzyme A ligase) causes
inflammation with sepsis [44,45]. Whenever the
neutrophils are activated against the pathogen, bacteria
produce reactive nitrogen species, and the pathogens
shift metabolic pathways to survive, thus increasing the
risk of invasion [46-48].

Our comprehensive analysis is the first study to
link the multidrug resistance phenotypes and genetic
determinants of  resistance  to B-lactams,
aminoglycosides, fluoroquinolone, tetracycline,
sulfonamide, trimethoprim, and macrolides in A.
baumannii in Erbil, Iraq. Many of these 4. baumannii
isolates serve as reservoirs for antibiotic-resistance
genes that were transmitted to other pathogens by
plasmids.

Conclusions

Our study identified the prevalent blatem, and new
bla;fev and  blanpm.  Additionally, this  study
demonstrated the role of the strain's metabolic pathway
in  isolate  characterizations and  resistance
determination; thus, metabolism pathways can be an
attractive therapeutic approach. The fermentation
pathway increases gene transfer and integration of
bacteria [49-51]. The diversity of the new finding’s
resistance determinants and the potential for broad
distribution of these strains could alter the worldwide
epidemiology of A. baumannii-related diseases.
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Annex — Supplementary Items

Supplementary Table 1. Primers, target genes, and size of the amplified products.

Primer Target genes Sequence (5-3) Amplicon size References
(bp)
1512F GTCGTAACAAGGTAGCCGTA
6R 165-235 rRNA GGGTTYCCCCRTTCRGAAAT3 790 [18]
OXA51F blaoxa5] TAATGCTTTGATCGGCCTTG 320 [60]
OXA 51 R TGGATTGCACTTCATCTTGG
OXA 58 F blaoxass blaoxass ATGAAATTATTAAAAATATTGAGTTTAG ~500
OXA358R e ) TTATAAATAATGAAAAACACCCAAC
OXA SETBF blaOXA.23, blaOXA-27, TCTGGTTGTACGGTTCAGC 530
OXA SETBR blaOXA-49 AGTCTTTCCAAAAATTTTG [37]
OXA SETCF blaOXA-51, blaOXA-ss, ACAGAARTATTTAAGTGGG
OXA SETCR blaOXA-64, blaOXA-69, GGTCTACAKCCMWTCCCCA

blaOXA-70, blaOXA-71, 330

blaOXA-75, and blaOXA-7s
NDM F GGTTTGGCGATCTGGTTTTC

NDM R biaxou CGGAATGGCTCATCACGATC 390 [31]
SHV F bl ATGCGTTATATTCGCCTGTG 200
SHV R TGCTTTGTTATTCGGGCCAA
TEM F bl AAACGCTGGTGAAAGTA 720
TEM R AGCGATCTGTCTAT 637)
aacA4 F ATGACTGAGCATGACCTTGCG
aacA4 R aacAd TTAGGCATCACTGCGTGTTCG 530
aadB F B ATGGACACAACGCAGGTCGC
aadB R aa TTAGGCCGCATATCGCGACC
aph(3’)-VI F , CGGAAACAGCGTTTTAGA
aph(3’)-VI R aph(3’)-V1 TTCCTTTTGTCAGGTC 716 [52]
AdeB F deB CTTGCATTTACGTGTGGTGT 200 (53]
AdeB R GCTTTTCTACTGCACCCAAA
gyrA F A AAATCTGCCCGTGTCGTTGGT 350
gyrA R g GCCATACCTACGGCGATACC 37
ParC F AAACCTGTTCAGCGCCGCATT [37]
parC R parC AAAGTTGTCTTGCCATTCA 327
dhfrl F CGGTCGTAACACGTTCAAGT
dhfrl R dhfrl CTGGGGATTTCAGGAAAGTA 220 [54]
mst(E) F TATAGCGACTTTAGCGCCAA
msr(E) R msr(E) GCCGTAGAATATGAGCTGAT 400
mph(E) F ATGCCCAGCATATAAATCGC
mph(E) R mph(E) ATATGGACAAAGATAGCCCG 27 [53]
erm(42) F TGCACCATCTTACAAGGAGT
erm(42) R erm(42) CATGCCTGTCTTCAAGGTTT 173
strA F GGTAAGAAGTCGGGATTGAC
strA R strd CACAGCCTATCGGTTGATC 165 s
strB F CGCCATACCAGATAGTCG [56]
strB R stirB CTTTTCCAGCCTCGTTTG 600
sul I F il CGGCGTGGGCTACCTGAACG 3
sul IR ‘ GCCGATCGCGTGAAGTTCCG 57
sul I F - GCGCTCAAGGCAGATGGCATT 203 [57]
sul T R su GCCACTGCGCCGTTACCACC
tetA F o GCGCGATCTGGTTCACTCG l64 (58]
tetA R AGTCGACAGYRGCGCCGGC
tetB F oiB CGTTTGCTTTCAGGGATCA 37 (59]

tetB R ACCATCATGCTATTCCATCC
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Supplementary Table 2. Thermal cycling parameters for each primer pair.
Initial

. Denaturation Annealing
Primer denaturation
No. of Temp. Time Temp. °C Time Temp. Time
cycles °C (min) : (sec) °C (sec)
16s 23s IRNA 30 94 2 94 60 51 60
OXA 51 30 95 3 95 45 57 40
OXA 58 30 94 10 94 30 53 60
OXA SET B 30 94 10 94 30 51 60
OXA SET C 30 94 10 94 30 47 60
TEM 30 94 10 94 30 45 60
SHV 30 94 10 94 30 60 60
NDM 30 95 5 95 30 52 30
aacA4 30 94 10 94 30 65 60
aadB 30 94 10 94 30 68 60
aph(3”) VI 35 94 3 94 30 49 40
adeB 30 95 2 95 60 54 45
msr(E) 25 95 5 94 30 68 30
mph(E) 25 95 5 94 30 68 30
Erm(42) 25 95 5 94 30 68 30
parC 30 94 10 94 30 58 60
gyrA 30 94 10 94 30 63 60
strA 35 94 1 94 30 56 30
strB 35 94 1 94 30 56 30
sul I 30 94 5 94 15 69 30
sul I 30 94 5 94 15 69 30
Tet A 25 95 5 94 50 61 30
Tet B 25 95 5 94 50 61 30
dhfrl 30 94 2 94 60 54 45
Supplementary Table 3. Source of isolates.
No. of .
Source isolates Hospital
Sputum 16 13 isolates from Arzheen Private Hospital*

3 isolates from Nanakali Hospital
2 isolates from Al Jumhury Teaching Hospital
Urine 7 3 isolates from Nanakali Hospital
2 isolates from King medical Lab

Extension
Temp. Time

°C (sec)
72 60
72 60
72 50
72 50
72 50
72 50
72 50
72 45
72 50
72 50
72 60
72 60
72 45
72 45
72 45
72 50
72 50
72 30
72 30
72 60
72 60
72 30
72 30
72 60

J Infect Dev Ctries 2024; 18(9.1):S56-S66.

Final extension

Temp.

°C
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72

Time
(min)
7

\I\I\I\INNMMMMMEMMMMMMMMU\U\

—
o

Isolate number (assigned in

this study)

1,2,3,4,5,6,7,9,10, 11, 12,

16, 17
8,14
13,15
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Supplementary Table 4. VITEK® 2 Compact system results with A. baumannii.

Wellno. Test Mnemonic Result ) %
2 Ala-Phe-Pro-Arylamidase APPA - 0
3 Adonitol ADO - 0
4 L-Pyrrolydonyl-Arylamidase PyrA - 0
5 L-Arabitol IARL - 0
7 D-Cellobiose dCEL A% 93.8
9 Beta-Galactosidase BGAL - 0
10 H2S production H2S - 0

11 Beta-N-Acetyl-Glucosaminidase BNAG - 0
12 Glutamyl Arylamidace pNA AGLTp A% 87.5
13 D-Glucose dGLU A% 93.8
14 Gamma-Glutamyl-Transferase GGT - 0
15 Fermentation/ Glucose OFF - 0
17 Beta-Glucosidase BGLU - 0
18 D-Maltose dMAL - 0
19 D-Mannitol dMAN - 0
20 D-Mannose dMNE A% 93.8
21 Beta-Xylosidase BXYL - 0
22 Beta—Alanine arylamidace pNA BAlap - 0
23 L—Proline Arylamidase ProA \% 18.8
26 Lipase LIP - 0
27 Palatinose PLE - 0
29 Tyrocine ARYLAMIDASE TyrA \% 81.3
31 Urease URE v 43.8
32 D-Sorbitol dSOR - 0
33 Saccharose/Sucrose SAC - 0
34 D-Tagatose dTAG - 0
35 D-Trehalose dTRE - 0
36 Citrate (Sodium) CIT \% 87.5
37 Malonate MNT A% 93.8
39 5-Keto-D-Gluconate 5KG - 0
40 L-LACTATE Alkalinication ILATk A% 93.8
41 Alpha-Glucosidase AGLU - 0
42 SUCCINATE Alkalinication SUCT A% 93.8
43 Beta-N-ACETYL-GALACTOSAMINIDASE NAGA - 0
44 Alpha-Galactosidase AGAL 0
45 Phosphatase PHOS 0
46 Glycine Arylamidase GlyA - 0
47 Ornithine Decarboxylase ODC - 0
48 Lysine Decarboxylase LDC - 0
53 L-HISTIDINE Accimilation IHISa A% 43.8
56 Coumarate CMT + 100
57 Beta-Glucoronidase BGUR - 0
58 0O/129 RESISTANCE (Comp.Vibrio.) O129R + 100
59 Glu-Gly-Arg-Arylamidase GGAA - 0
61 L-MALATE Accimilation IMLTa A% 37.5
62 Ellman ELLM \Y% 12.5
64 L-LACTATE accimilation ILATa \Y 56.3

+, positive result; -, negative result; V, variable result.
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Supplementary Table 5. Biochemical tests of 4. baumannii isolates.

Biochemical tests

Strains Urease test Simmon citrate Kligler iron agar test

1 Positive Positive Alkaline/Alkaline

2 Positive Positive Alkaline/Alkaline

3 Positive Positive Alkaline/Alkaline

4 Positive Positive Alkaline/Alkaline

5 Positive Positive Alkaline/Alkaline

6 Positive Positive Alkaline/Alkaline

7 Positive Positive Alkaline/Alkaline

8 Positive Positive Alkaline/Alkaline

9 Positive Positive Alkaline/Alkaline
10 Positive Positive Alkaline/Alkaline
11 Positive Positive Alkaline/Alkaline
12 Positive Positive Alkaline/Alkaline
13 Positive Positive Alkaline/Alkaline
14 Positive Positive Alkaline/Alkaline /H2S/Gas
15 Positive Positive Alkaline/Alkaline
16 Positive Positive Alkaline/Alkaline
17 Positive Positive Alkaline/Alkaline

Supplementary Table 6. 3-lactamase genes detected in each strain.
p- lactamase gene

Isolates blaoxa-si-like' blaoxa-23-like? blaoxa-ss-like’ blatem blasuy blanpu
No. Chr. Pls. Chr. Pls. Chr. Pls. Chr. Pls. Chr. Pls. Chr. Pls.
DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA

1 - + - + - - + - - - - +
2 + - + + - - + - - - + -
3 + - + + - + + - - - - +
4 + - + + - + + - - - + +
5 + - + - - + + - - + + -
6 - - - - - - + - - - - +
7 + - + - - + - - - + -
8

9 + - - - - - + - - - + +
10 - + - - ; - + ; - ) + .
11 + - - - - - + - - + + -
12 + - - + - - + - - + + +
13 + - - + - - + - - - + +
14 - - - + - - + - - - + -
15 - ; - ; - - + - - - + -
16 - - - - - - + - - + + +
17 - - - - - - - - ;

18 + . - - ; + - - - + -

! Includes blaOXA,sr, blaOXA_sg_, blaOXA,54_, blaOXA,()g,, blao)(A_7o_, blaOXA_71_, blaOXA_75_ and blaOXA_m,like genes. 2 Includes blaOXA_23_, blaQXA,y,, and blaOXA,49,like genes.
3 Includes blagxa.ss. and blagxa.oe like genes. Chr. DNA, Chromosome DNA; Pls. DNA, Plasmid DNA.
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Supplementary Table 7. Chromosomal resistance genes in A. baumannii isolates.

Isolate parC  gyrA aadB aacA4 aph(3)IV AdeB sull sul2 strA strB erm mph msr tetA tetB dhfrl No.

1 + + - - + - - + + + - - - - + - 7
2 + + - - + + + - + + - - - - + - 8
3 + + - - + + + + + - - - - + - 8
4 + + - - + + + - + + - - - - + - 8
5 + + - - + + - - - - - - - - + - 5
6 + + - - + - + + - - - - - - - - 5
7 + + - - + + + - + + - - - - + - 8
8 + + - - + + - + + + - - - - + - 8
9 + + - + + - + + - - - - - - - - 6
10 + + - + + + + - + + - - - - + - 9
11 + + - - + + - - + + - - - - + - 7
12 + + - - - + + - + + - - - - + - 7
13 + + - + - + + + + + - - - + + - 10
14 + - + - - + - - - - - - + + 5
15 + + - - - + + + - - - - - - - - 5
16 + + - + - + - + + - - - - - - 7
17 + + - - - + + - - - - - - - - 5
Total % 100 100 0 26.7 73.3 86.7 73.3 40 733 733 0 0 0 6.7 733 0

*Isolates were identified as not 4. baumannii. No., total gene number.

Supplementary Table 8. Plasmid resistance genes in A. baumannii isolates.

Isolate parC gyrA aadB aacA4 aph(3)VI AdeB sull sul2 strA strB erm mph msr tetA tetB dhfrl No.
1 + + - + + + + + + + - - - - + - 10
2 + + - + + + + + + + - - + + + + 13
3 + + - + + + + + + + - - - + + - 11
4 + + - + + + + + + + - - + - + + 12
5 + + - - + + + + + + - - - - - - 8
6 + + - + + + + + + + - - + - 10
7 + + - - + + + + + + - - - + + 11
8 + + - + + + + + + + - - - - + - 10
9 + + - + + + + + + + - - - - + - 10
10 + + - + + + + + + + - - + - + + 12
11 + + - + + + + + + + - - - + + + 12
12 + + - + + + + + + + - - + - + - 11
13 + + - + + + + + + + - - - + + - 11
4+ + - + + + + + + + - - - + + 11
15 + + - + + + + + + + - - - - + - 10
16 + + - + + + + + + + - - - - + - 10
17 + + - + + + - + + - - - - + - 8

Total % 100 100 0 86.7 100 100 100 100 100 100 0 0 333 267 933 333

*Isolates were identified as not 4. baumannii. No., total gene number
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Supplementary Table 9. Percentage of antibiotics resistance genes detected in 4. baumannii isolates.
% Detection in isolates’ plasmid

Antibiotic Genes % Detection in isolates’ chromosome DNA DNA
Aminoglycoside StrA 73.3 100
StrB 73.3 100
aadB 0 0
aph(3’)- 73.3 100
Vi
aacA4 26.7 86.7
Multidrug efflux AdeB 86.7 100
Sulfanamid Sull 73.3 100
Sul2 40 100
Tetracyclin TetA 6.7 26.7
TetB 73.3 933
Macrolide mph(E) 0 0
msr(E) 0 333
erm 42 0 0
Trimethoprime Dhfrl 0 333
Fluoroquinolone grd 100 100
parC 100 100
Supplementary Table 10. Source of samples used in this study.
No. Type of the specimens Number of the sample (%) Number of isolates (%)
1 Sputum 93 (16.32%) 16 (17.2%)
2 Urine 355 (62.28%) 7 (1.97%)
3 Blood 43 (7.54%) 0
4 Stool 16 (2.80%) 0
5 Pus 13 (2.28%) 0
6 Swab 38 (6.67%) 0
7 Fluid 12 (2.12%) 0

Supplementary Table 11. Characteristics of SARS-CoV-2 intensive care unit (ICU) patients.

Characteristics %
Age group

<50 years old 79%
> 50 years old 21%
Sex

Females 38%
Males 62%
Any diagnosis or problem list entry!

Cardiovascular conditions 21%
Diabetes 55%
Renal failuré 30%
Hypertension 30%
Respiratory conditions 10%
Without any problems 10%

' Most ICU cases had multiple comorbidities. *The renal failure was 10% and developed in other disease cases to reach 30%.
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Supplementary Figure 1. Plasmid DNA of all isolates on agarose gel 1% electrophoresis at 75 volts for 1
hour. The wells contain all isolates from 1 to 17. 12345678

1 2.3 450607 2009109181213 1415 1617 18 19 20 y -

Supplementary Figure 2. Amplification of A. baumannii
DNA.

10 111213 1415 1617 181920

Supplementary Figure 3. Amplification of A. baumannii
350 bp with primers OXA SET B and separation by agarose gel
electrophoresis 1.5%, at 75 volts for 1 hour.
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Well 1 contains 100 bp DNA ladder; followed by the isolates.

The upper panel shows amplification products using primers OXA
SETC and separation by 1.5% agarose gel electrophoresis at 75 volts for
1 hour. Well 1 contains 100 bp DNA ladder; followed by the isolates.
The lower panel shows amplification products using primers for
blaNDM. Well 1 is 100 bp DNA ladder; followed by isolates no. 1, 2, 3,
4,5,6,7,8,9,10, 11,12, 13, 15, 16, 17, 14.
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Supplementary Figure 4. Amplification of 4. baumannii with
primers blaTEM and separation by 1.5% agarose gel
electrophoresis at 75 volts for 1 hour.

8-9.10:11 1213 1415 16 17 18 19 20

AR W -

-t

Well 1 is 100 bp DNA ladder; followed by isolates no. 1,2, 3,4, 5,6, 7,
8,9,10, 11, 12, 13, 15, 16, 17, 14.

Supplementary Figure 5. Amplification of 4. baumannii with
primers blaOXA-51 and separation by agarose gel
electrophoresis 1.5% at 75 volts for 1 hour.

A: well 1 and 10 are 100 bp DNA ladder; followed by isolates no. 1, 2
J3,4,5,6,7,8. B: well 1is 100 bp DNA ladder; followed by isolates
no. 9,10, 11, 12, 13, 15, 16, 17.

Supplementary Figure 6. Amplification of 4. baumannii with
primers AdeB and separation by agarose gel electrophoresis
1.5% at 75 volts for 1 hour.
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well 11 is 100 bp DNA ladder; well 1: isolate 4, well 2: isolate 5, well
3: isolate 6, well4: isolate 7, well 5: isolate 8, well 6: isolate 9, well 7:
isolate 10, well 8: isolate 11, well 9: isolate 12, well10: isolate 13, well
12: isolate14 well 13: isolate 15, well 14: isolate 16, well 15: isolate 17.
Wells 19 and 20 are resistance gene aacA4 of isolates 9 and 10.
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Supplementary Figure 7. Amplification of 4. baumannii
plasmid with primers msr (E) and separation by agarose gel
electrophoresis 1.5% at 75 volts for 1 hour.

8--98---10: L1 ~12.13...14:185-16.+47. 18 19, 20

Well 1 is 100 bp DNA ladder; well 2: isolate 1, well 3: isolate 2, well
4: isolate 3, well 5: isolate 4, well 6: isolate 5, well 7: isolate 6, well 8:
isolate 9, well 9: isolate 10, well10: isolate 11, well 12: isolate13, well
13: isolate 14, well 14: isolate 15, well 15: isolate 16, well 16: isolate
15, well 17: isolate 16, well 18: isolate 17.

Supplementary Figure 8. Amplification of 4. baumannii with
primers aph (3”) and separation by agarose gel electrophoresis
1.5% at 75 volts for 1 hr.

Well 1 is 100 bp DNA ladder, followed by isolates no. 1, 2, 3, 4, 5, 6,
7,8,9,10,11, 12,13, 15,16, 17, -,14, -, -.
-, empty well.

Supplementary Figure 9. Amplification of 4. baumannii with
primers aacA4 and separation by agarose gel electrophoresis
1.5% at 75 volts for 1 hour.

12°-13 ' ~}4-15~16-"17:38+ 19" 20

Well 1 is 100 bp DNA ladder; followed by isolates no. 1, 2, 3, 4, 5, 6,
7,8,9,10,11,12,13,15,16,17,-,15,17. Well no. 16 is gyr4 resistance
gene and well no. 17 (-) is empty.
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Supplementary Figure 10. Amplification of 4. baumannii
with primers str4B and separation by agarose gel
electrophoresis 1.5% at 75 volts for 1 hour.
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StrB 600bp

StrA 165bp
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Supplementary Figure 13. Amplification of A. baumannii with
primers ParC and separation by agarose gel electrophoresis 1.5% at
75 volts for 1 hour.
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Well 1 is 100 bp DNA ladder; followed by isolates: 1, 2, 3,4, 5, 6,7, 8,
9,10,11, 12,13, 14, 16, 15, and 17.

Supplementary Figure 11. Amplification of 4. baumannii
with primers fet4 and fetB and separation by agarose gel
electrophoresis 1.5% at 75 volts for 1 hour.

Well 1 is the isolate 1, followed by isolates 2, 3, 6, 7, 8, 9, and 10; well
9 is 100 bp ladder, followed by isolates 11, 12, 13, 14, 16, 15, 17.

Supplementary Figure 12. Amplification of A. baumannii with
primers gyrA4 and separation by agarose gel electrophoresis 1.5%
at 75 volts for 1 hour.

Well 1 is isolatel, followed by isolates: 2, 3, 6, 7, 8, 9, 10; well 9 is the
100bp ladder; followed by isolates 11, 12, 13, 14, 16, 15, 17 and the
negative control.

Well 1 is 100 bp DNA ladder; followed by isolates no. 1,2, 3,4,5,6,7, 8,9,
10,11, 12, 13,15, 16, and 17.

Supplementary Figure 14. Amplification of 4. baumannii
DNA with primers Sul I, Sul II and separation by agarose gel
electrophoresis 1.5% at 75 volts for 1 hour.

433bp Sull

293bp Sulll

Well 1 is 100 bp DNA ladder; followed by isolates: 1, 2, 3, 4, 5, 6,
7,8,9,10, 11,12, 13, 15, 16, 17, empty well, and 14.

Supplementary Figure 15. Amplification of A. baumannii
plasmid DNA with primers dhfr1 and separation by agarose gel
electrophoresis 1.5% at 75 volts for 1 hour.

220bp

Well 1 is 100 bp DNA ladder; followed by isolates no. 1, 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, empty well, 16, 17.
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