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Background. Te secondary infection of multi and extensively drug-resistant “Acinetobacter baumannii” in severely ill COVID-19
individuals is usually associated with extended hospitalisation and a high mortality rate. Te current study aimed to assess the
exact incidence rate of A. baumannii coinfection in severely ill COVID-19 patients admitted to intensive care unit (ICUs), to
identify the possible mechanism of A. baumannii transfer to COVID-19 patients and to fnd out their resistance rate against
diferent antibiotics.Methods. Fifty severely ill “COVID-19” individuals on respiratory support were selected with samples being
collected from the pharynx. In addition, another 60 samples were collected from the surrounding environment. Bacterial isolates
were diagnosed by microbiological cultures and confrmed by “Vitek 2 system” and real-time PCR.Te “Vitek 2 Compact system”
was used to evaluate these isolates for antimicrobial susceptibility. Te recovered isolates’ DNA fngerprints and genetic sim-
ilarities were performed using ERIC-PCR. Results.Twenty-six samples were tested positive for A. baumannii (20 out of 50 samples
taken from patients, 40%; 6 out of 60 swabs from a nosocomial setting, 10%). All A. baumannii strains isolated from the
nosocomial sites were clonally related (have the same genetic lineage) to some strains isolated from patients. However, the
majority of the patients’ strains were categorised as belonging to the same genetic lineage. Furthermore, “the multi and extensively
drug” resistance patterns were seen in all isolates. In addition, total isolates showed resistance to the most commonly tested
antibiotics, while none of them was found to be resistant to tigecycline. Conclusion. Secondary “A. baumannii” infection in
severely ill “COVID-19” patients is a serious matter, especially when it has one spot of transmission in the ICU as well as when it is
extensively drug-resistant, necessitating an immediate and tactical response to secure the issue.

1. Introduction

Since the appearance of coronavirus, the world has been in
the grasp of coronavirus COVID-19 disease. A large number
of patients spend a long time in intensive care units and need
invasive mechanical ventilation [1].

Bacterial and fungal superinfections are consequences
for patients with viral pneumonia [2]. Nosocomial pneu-
monia is one of the most common complications for

patients’ health in the ICU, particularly when ventilated,
which might complicate the infection of the lower re-
spiratory tract. Nosocomial infections are generally proven
as acquired infections in the patient after 48–72 hours of
hospitalisation from admission, and they are mostly spread
by devices and instruments and from person to person [3].
Nosocomial infections are mainly caused by many
multidrug-resistant (MDR) bacteria; among those,
“A. baumannii” is one of them [4]. Tis bacterium can
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contaminate the environment of the hospital, and it can
persist on dry surfaces for a long period of time [5]. As well
as, A. baumannii isolates are capable of forming bioflms on
both “biotic and abiotic” surfaces; hospital facilities and
medical equipment are the ideal environments for
A. baumannii bioflms and hence represent the primary
source of infections for patients [6]. Common disinfectants
have no efect on it, resulting in outbreaks that are difcult to
control and afect the most vulnerable patients in critical
condition [7]. During the COVID-19 outbreak, all patients
had a chance to acquire a A. baumannii infection within at
all age groups, even those without underlying diseases [8].

Antibiotic therapy is crucial in the treatment of bacterial
“respiratory coinfection,” particularly with multi and ex-
tensively drug-resistant A. baumannii. Tis resistance might
emerge from extensive misuse of antimicrobial agents in
clinical environments [9].A. baumannii is resistant to a large
number of antibiotics, including b-lactams, aminoglyco-
sides, fuoroquinolones, and, more recently, carbapenems
[10]. When A. baumannii becomes resistant to beta-lactams,
the last choice will be carbapenems. Tough, over the last
decades, carbapenem-hydrolyzing-β-lactamases of molecu-
lar class B and D have emerged [11]. Class B carbapene-
mases, also termed metallo-beta-lactamases (MBLs), include
IMP, VIM, and class D, OXA group, which are merged as
major carbapenemases in A. baumannii [12–14].

For studying A. baumannii diversity analysis, molecular
typing methods are commonly performed, giving an im-
provement in molecular biology. Many researchers have
applied molecular typing techniques to clinical and envi-
ronmental A. baumannii to study the epidemiological pa-
rameters [15].Tese include “pulsed-feld gel electrophoresis
(PFGE) [16], multilocus enzyme electrophoresis (MLEE)
[17], and enterobacterial repeated intergenic consensus PCR
(ERIC-PCR)” [18]. Furthermore, genome sequencing fol-
lowed by phylogenetic analysis is also a valuable approach to
study antimicrobial resistance and key virulence features of
A. baumannii isolates [19]. ERIC-PCR is used because it is
accurate in making predictions. It is also a quick and easy
method that makes epidemiological studies easier for
researchers [20].

Tis is the frst study to evaluate “A. baumannii”
coinfection in “COVID-19 patients” who were admitted to
ICUs in a “COVID-19” specialised hospital in Duhok, Iraq.
Te purpose of this investigation was to determine the exact
incidence rate of co-infection by this opportunistic pathogen
in severely ill COVID-19 patients, to investigate the sus-
pected mechanism of A. baumannii transfer to COVID-19
patients by using the ERIC-PCR assay, and to identify their
rate of resistance against diferent antibiotics that are mainly
prescribed for therapeutic purposes in humans.

2. Materials and Methods

2.1. Study Setting, Ethics, and Participants. Duhok
COVID-19 Hospital is a 100-bed hospital in central Duhok
city, Iraq. Te health ministry of the Kurdistan Region chose
this hospital as a specialised “COVID-19” hospital for in-
patient support with 2-3 medical emergency chambers, each

one containing phasing unit rooms for patients who require
respiratory support and ICU nurturing devices. Each room
has been updated to seat up to 2-3 “COVID-19” ventilated
individuals. In some situations, the number of inpatients
may rise by up to 4-5.

Tis study was cross-sectional and conducted at this
specialised “COVID-19” hospital for a period of four
months, from August to November 2021 (at the peak of the
second wave of the coronavirus outbreak). Te general di-
rectorate of health (GDH), Duhok, Iraq, approved this study
(GDH reference number: 2202021-6-4). All participants in
the study or the patient care of the unconscious ones gave
their permission (an informed consent form was signed by
each patient or their relative). Te form included the criteria
about the importance of secondary bacterial infection after
COVID-19 infection as the main cause of death, as well as
the fact about which efective antibiotics can be prescribed in
COVID-19 cases.

Te participants in this study were 50 severely ill patients
(gender patients were 28 male and 22 female, while the age
groups were ≤40 years, 41–60 years, and >60 years) hospi-
talised in ICU wards in specialised COVID-19 hospitals.
Each patient included in this investigation was admitted to
the hospital, infected with COVID-19 (confrmed cases by
qPCR from the hospital laboratory), mechanically venti-
lated, and intubated for more than 48 hours in ICUs. Fur-
thermore, a temperature >38°C or hypothermia of 36°C,
“purulent tracheal secretions, a reduction in PaO2/FiO2,”
and increasing infltration on the chest radiograph were
additionally noted. Furthermore, all participants were
“neutropenic,” with a high “erythrocyte sedimentation rate
and C-reactive protein,” as well as symptoms of throat in-
fection, coughing, and breathing difculty. Corticosteroids
were administered to all patients with severe decreases in the
PaO2/FiO2 value, and also, they were commonly given to
patients with high serum levels of interleukins. In addition,
all patients have been prescribed an intravenous infusion or
intramuscular injection of carbapenems or other broad-
spectrum antibiotics, such as azithromycin, clarithromycin,
ceftriaxone, erythromycin, amoxicillin, ciprofoxacin, and
levofoxacin, at admission as prophylactic use. All of the above
criteria were obtained from the hospital records.

2.2. SampleCollectionandA. baumanniiDetection. A total of
110 swabs were taken from “COVID-19” individuals who
were severely ill. Pharyngeal swabs from the COVID-19
hospital, as well as the surrounding nosocomial ICU
equipment and environments (50/60, respectively). A
pharyngeal swab was obtained under complete aseptic
conditions with the correct use of personal protective
equipment (PPE). Swabs were moistened in sterile normal
saline and wrapped around the ICU equipment and sur-
rounding patient environments for nosocomial sampling
(external and internal surfaces of the noninvasive ventilation
mask, entire surfaces of the mechanical ventilator screen,
and surfaces of the ICU bed railing). For safety precautions
and preventing the “COVID-19” virus from spreading far
outside the hospital, the collected swabs were directly
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cultured in the hospital microbiology laboratory on
CHROMagar™ Acinetobacter (Chromagar, France) under
strict aseptic conditions. After that, all plates were trans-
ported to the microbiology laboratory in the College of
Veterinary Medicine and incubated at 37°C for 18–24 h. Te
presumed red colonies were cultivated on MacConkey agar
and incubated as previously described. Colonies that do not
ferment the lactose (pale yellow) were confrmed as
A. baumannii using the VITEK®2 compact system (Bio-
Mérieux, France) using the “Vitek 2GN ID Card (Gram-
Negative Identity Card). Te identifcation protocol by the
VITEK®2 system was made according to the manufacturer’s
recommendations. Te fnal confrmation of isolates was
performed using a real-time PCR assay to amplify 16S–23S
ribosomal DNA. Te stock preparations were done in brain
heart infusion broth (Lab M, UK) with 25% (v/v) glycerol
added. Te broth was kept at −20°C [21].

2.3.DNAExtractionandMolecularDetectionofA. baumannii
Isolates. According to Garcia and his colleagues [22], DNA
specimens were separated using the thermal separation
technique. Subsequently, 150 μl of the supernatant was
conserved to be utilised as a “PCR DNA” template. A
“nanodrop (Termo Scientifc, USA)” was used to measure
the concentration and quality of isolated DNA.

For the detection of A. baumannii, real-time PCR was
performed based on the identifcation of 16S–23S ribosomal
DNA using primers; forward 5′ CATTATCACGGTAAT
TAGTG and reverse 5′ AGAGCACTGTGCACTTAAG.Te
PCR cycler was set up in a qPCR Bio-Rad CFX96 (BIO-
RAD/Germany) as follows: 95 C for 3min as initial de-
naturation, followed by 30 cycles of 95°C for 45min, 62°C for
45min, 72°C for 45min [23]. Acinetobacter baumannii and
Klebsiella pneumonia (obtained from the Duhok Research
Centre at the College of Veterinary Medicine, University of
Duhok) were used as a positive and negative control, re-
spectively, with each PCR reaction. Te PCR mixtures were
carried out in a 20 μl volume comprising of 10 μl Sybr green
master mix (Add SYBR Master from Addbio/Korea), 1 μl of
each set of primers (10 pmol/μl for each primer), 1 μl of
sample DNA (50–100 ng/μl), and 7 μl DNase/RNase-free
water.

2.4. Clonal Relatedness and Diversity Analysis.
“ERIC-PCR” was utilised to detect related strains of A.
baumannii and identify variants, utilising sequences of
primers “(ERIC1: 5′-ATGTAAGCTCCTGGGGATTCAC-
3′ and ERIC2: 5′-AAGTAAGTGACTGGGGTGAGCG-3′)”
previously designated by Saleem and his colleagues [24]. Te
ERIC-PCRmethod was performed in a total volume of 25 μl,
containing 2 μl of each primer (10 pmol/μl), 12.5 μl of “hot
start master mix” (AddBio, Korea), 2 µl of DNA with
a concentration of 30–100 ng/µl, and 6.5 µl of “nuclease-free
water (Qiagen, Germany)” [25]. Te PCR was performed
using the “PCR system 9700 GeneAmp (Applied Biosystem,
USA),” and according to Bakhshi et al. [26], the “PCR
setting” was utilised. Te initial denaturation was 94°C for

5minutes, followed by 35 cycles of 94°C for 1minute,
1minute at 54°C, then 8minutes at 72°C, with a fnal ex-
tension of 10minutes at 72°C [25]. Finally, the PCR products
were put into a 2% agarose with “1X Tris-acetate-EDTA
(TAE) bufer” and labelled with a “red safe DNA staining
solution (GeNetBio, Korea).” A DNA ladder “(100-bp DNA
ladder/Genedirex, Taiwan)” was used. Finally, for
ERIC-PCR data analysis, a photograph was captured of
the gel.

2.5. Data Processing for ERIC-PCR. An electrophoresis
picture containing 26 isolates of A. baumannii was frst
observed for the DNA band’s existence or absence in the
ERIC-PCR gel, and then, by “GelJ software version 2.0
(available at https://sourceforge.net/projects/gelj/),” the
dendrogram was generated. Te genotyping of the strains
was created using the “Unweighted Pair GroupMethod with
Arithmetic Mean (UPGMA)” methodology based on the
Dice similarity coefcient with a tolerance of 2% [27].
Electrophoresis patterns with a similarity coefcient of at
least 80% (similarity limits of 80% or above) were grouped
with the same genotypes or the same group in ERIC-PCR
[28]. Strains were clustered together based on their sample
source (either COVID-19 patients or the surrounding
nosocomial ICU equipment and environments).

2.6. Antimicrobial Susceptibility Testing (AST). Te con-
frmed isolates by conventional culture, VITEK 2 system,
and real-time PCR were subjected to antimicrobial sus-
ceptibility testing against 33 antibiotics (Table 1) by the
automated Vitek 2 Compact system (VITEK® 2 system,
BioMariex, France) [41] and by the standard disc difusion
method on “Mueller-Hinton agar (Lab M, UK).” Anti-
biotics were chosen to cover as much as possible to achieve
the best therapeutic options. Te methodology for the
determination of inhibition zone breakpoints was fol-
lowed by the authors of [42, 43]. Isolates were marked as
either susceptible or resistant. Te intermediate suscep-
tible isolates to the specifc antibiotic were classifed as
resistant using guidelines from the clinical and laboratory
standards institute (CLSI, 2012). Samples that were ini-
tially susceptible or intermediately resistant to one anti-
biotic may become resistant after therapy. Ten, any
isolate in this study was classifed as a resistant isolate to
antibiotics when it was intermediately resistant to specifc
antibiotics [44]. Any isolate that was resistant to three or
more antibiotics was known as multiple antibiotic re-
sistance (MAR). In contrast, isolate was resistant to at
least one agent in all antibiotic groups; however, two or
fewer antimicrobial susceptible were categorised as ex-
tensively drug-resistant (XDR) [45].

2.7. Statistical Analysis. All datasets were analysed by one-
way analysis of variance (ANOVA). Specifc diferences
between the groups were determined using the Duncan
multiple range test using SPSS version 20. Te accepted level
of signifcance was P≤ 0.05.
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3. Results

3.1.Te Incidence of Acinetobacter baumannii. One hundred
ten samples, collected from the ICU of the COVID-19
hospital, were analysed by conventional microbiological and
molecular assays for the detection of A. baumannii. Con-
ventional methods of isolation for Acinetobacter species,
including red colonies on chromogenic agar
(CHROMagar™ Acinetobacter) (Figure 1(a)) and non-
lactose fermenter colonies on MacConkey agar
(Figure 1(b)), revealed that 20 isolates (40%) were positive
out of 50 samples taken from patients. In comparison, 6
positive isolates were collected from the other 60 nosocomial
samples (10%). All 26 positive samples were tested by the
VITEK®2 compact system (Bio-Mérieux, France) using the
Vitek 2GN ID Card (Gram-Negative Identity Card), then
confrmed by a “real-time PCR” assay (Figure 2), and all
isolates were found to be A. baumannii. In this study, all
samples were positive for both methods, and there were no
diferences between them.

Out of 20 A. baumannii isolates from patients, 11 (55%)
were from males, and 9 (45%) were from females. Te
median age of patients with A. baumannii infection was
52.5 years (range: 21–84 years), with 13 (65%) of the isolates
coming from patients aged 41–60 years (8; 61.5%male and 5;
38.5% female); 5 patients (25%) aged over 60 years (2; 40%
male and 3; 60% female); and 2 (10%) from patients 40 years
(1; 50% male and 1; 50% female). Acinetobacter baumannii
was signifcantly observed in male patients in the age group
of 41–60 years (P≤ 0.005). At the same time, there was no
statistical correlation in the total incidence rate between
genders (Table 2).

3.2. Molecular Typing of Acinetobacter baumannii by ERIC-
PCR. Te outcome showed that based on the number and
size of ERIC sequence variances and depending on the
ERIC-PCR fngerprinting analysis that was seen in each
isolate, the A. baumannii isolate similarity was between
55–100%. Te strains were divided into fve genotypes based
on a similarity limit of 80% (1–5), in which the most
prevalent clones were genotypes 3 and 5 and their variants
among the isolates, including 23/26; 88.4% of total isolates
(Figure 3, Table 3). Genotype 5 was the largest group,
containing 12 strains, including 6 isolates from the ICU
environment, 2 from the patients ≤40 years of age group (1
male and 1 female), and 4 from the patients 41–60 years of
age group (3 males and 1 female) while 11 strains clustered
in genotype 3, comprised of 7 patients from the 41–60 age
group (3 males and 4 females) and 4 patients from the age
group >60 years (2 males and 2 females). In contrast, ge-
notypes 1, 2, and 4 were comprised of only one strain.
Interestingly, most of the diversity of strains were seen in the
male 41–60 age group (Table 4). Our results showed that all
strains recovered from nosocomial sites had the same ge-
netic similarity to some strains obtained from patients (the
band profle of isolates within the nosocomial setting showed
a cluster similarity to 6 representatives of the patient’s
A. baumannii isolates). With regards to the patient’s strains,

most were clustered with the same genotype (same genetic
lineage), including strain numbers 27, 28, 20, 25, 23, 24, 19,
18, 1,7, 13, and 12 (Figure 3, Table 3).

3.3. Susceptibility Testing for Antibiotics. All strains were
found to be 100% resistant to at least three or more anti-
biotics (100% were MAR), and all of them showed non-
susceptibility to at least one agent in all antibiotic groups but
two or fewer antimicrobials (100% were XDR). Te re-
sistance patterns to the tested antibiotics were as follows: all
of them showed a total resistance (100%) to each of am-
picillin, amoxicillin/clavulanate, cefuroxime, cefuroxime
axetil, cefoxitin, cefxime, ceftazidime, ceftriaxone, imipe-
nem, meropenem, amikacin, gentamicin, ciprofoxacin,
fosfomycin, nitrofurantoin, piperacillin, aztreonam, strep-
tomycin, tetracycline, clindamycin, cefpodoxime, and
erythromycin, followed by piperacillin-tazobactam and
tobramycin each of about (88.4%), (76.9%) of strains
exhibited resistant for doxycycline, cefepime, and netilmicin,
(73%) of isolates were resistant to norfoxacin and clari-
thromycin, (57.6%) by levofoxacin, (53.8%) by
trimethoprim-sulfamethoxazole. Tis was followed by
(38.4%) resistance to colistin; the mean minimum inhibitory
concentration (MIC) value for colistin-resistant was ≥16 μg/
mL. All strains displayed a total susceptibility to tigecycline
(Table 5, Figure 4). With regard to the age groups, the re-
sistance rate of A. baumannii in patients 41–60 years old
showed a higher resistance rate (total resistant pattern) than
the others (P≤ 0.05). While there were no signifcant dif-
ferences were found between genders, except TOB and NET
in isolates from females were found to be signifcantly re-
sistant (P≤ 0.05) (Table 6).

4. Discussion

Secondary bacterial infection is one of the neglectable issues
in severe and critical COVID-19 patients. In this study, risk
factors for A. baumannii coinfection in COVID-19 patients
were looked at by gender, age, and how the infection was
spread and how resistant it was to antibiotics.

Our fnding shows a high incidence rate of A. baumannii
coinfection. Tis could be due to the persistent environ-
mental contamination in the ICU setting, which in turn can
be attributed to factors prompting the quality of care pro-
vided. Furthermore, the incidence of ICU-acquired in-
fections, such as ICU type, used equipment rate, and
admission/discharge criteria, at the peak of coronavirus
infection, could be another factor attributed to this situation
[42, 46]. On the other hand, any patient with a viral infection
may have increased susceptibility to bacterial coinfection
[46]. Tis is typically accomplished through detrimental
epithelial ciliary clearance and immunological dysfunction
[47]. Furthermore, corticosteroids that inhibit IL-6 may
have opposing negative efects on “innate immune re-
sponses” and microbial clearance [48]. Moreover, it has
recently been shown that A. baumannii invade pneumocytes
by targeting “human carcinoembryonic antigen-related cell
adhesion molecules (CEACAMs).” Tis indicates that
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“CEACAM” overexpression may increase the risk of in-
fection of the lower respiratory tract, specifcally in “severely
ill COVID-19 patients” [49].

Concerning the incidence rate of A. baumannii
coinfection in relation to age and gender, a high incidence
was signifcantly seen in male patients in the age group of
41–60 years. As a result, men seem to be more susceptible
to COVID-19 [50], especially those in the active working
age group, being outside more frequently due to working
conditions, leading to a high rate of COVID-19 infection
that increases the incidence of coinfection with
A. baumannii [51]. It could also be due to the diference in
hormonal status between men and women, which
causes females to have a stronger immune response to
microbes than males, resulting from the variation in
hormonal status among genders (testosterone has

anti-infammatory efects that reduce the immune re-
sponse to infection) [52].

Regarding the ERIC-PCR results, a clonal spread of
A. baumannii strains between the ICU setting and the
COVID-19 patients was found. Tese data suggest that the
same clones were circulating within the hospital, which
means that the source of A. baumannii infection is the
hospital ICU’s environment itself. Acinetobacter baumannii
can withstand for long periods on various surfaces against
hard environmental conditions supported by the bioflm
formation potential [53]. Tis may facilitate the cross-
transmission between ICU equipment and COVID-19 pa-
tients. To support this hypothesis, Shinohara and his col-
leagues found a 100% genetic similarity between all
A. baumannii strains collected from COVID-19 patients and
the ICU equipment and the surrounding environment [54].

(a) (b)

Figure 1: (a) Red colonies of A. baumannii on CHROMagar™ Acinetobacter agar. (b) Nonlactose fermenter colonies of A. baumannii on
MacConkey agar.
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Figure 2: Real-time PCR detection of A. baumannii. Te black arrow represents the positive control, the orange arrow represents the
samples, and the red arrow represents the negative control.

Table 2: Distribution of A. baumannii between age groups and gender.

Age group n (%) isolates
Isolates by gender (%)

Male Female
≤40 years, n� 9 2 (10) 1 (50) 1 (50)
41–60 years, n� 24 13 (65) 8 (61.5)∗ 5 (38.5)
>60 years old, n� 17 5 (25) 2 (40) 3 (60)
Total 50 20 (40) 11 (55) 9 (45)
∗indicates that A. baumannii was signifcantly seen in male patients (41–60 years age group) at P≤ 0.005.
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Table 3: Te genotypic pattern of 26 A. baumannii strains isolated from the ICU environment and severely ill COVID-19 patients.

Strain number Sample source Gender Age range (years) Genotypic pattern
22 Patient 15 M 41–60 Genotype 1
21 Patient 14 F >60 Genotype 2
27 Patient 20 F 41–60

Genotype 3

28 Patient 19 M >60
20 Patient 13 M 41–60
25 Patient 18 F >60
23 Patient 16 F 41–60
24 Patient 17 M >60
19 Patient 12 F >60
18 Patient 11 M 41–60
17 Patient 10 F 41–60
13 Patient 6 F 41–60
12 Patient 5 M 41–60
14 Patient 7 M 41–60 Genotype 4
15 Patient 8 F 41–60

Genotype 5

11 Patient 4 M 41–60
10 Patient 3 F ≤40
9 Patient 2 M ≤40
8 Patient 1 M 41–60
7 Nosocomial 6
5 Nosocomial 4
6 Nosocomial 5
16 Patient 9 M 41–60
4 Nosocomial 3
3 Nosocomial 2
2 Nosocomial 1

80 (%) Cut off similarity coefficient

Genotype 1
Genotype 2

Genotype 3

Genotype 5

Genotype 4

55 %

67 % 74 %

86 %

75 %

69 %

86 %

82 %

85 %

92 %

92 %

86 %

90 %

69 %

63 %

59 % 77 %

Strain sample source
22 P15
21 P14
27
26
20
25
23
24
19
18
17
13
12
14
15
11
10
9
8
7
5
6
16
4
3
2

P20
P19
P13
P18
P16
P17
P12
P11
P10
P6
P5
P7
P8
P4
P3
P2
P1
N6
N4
N5
P9
N3
N2
N1

Figure 3: Te banding pattern of 26 A. baumannii strains isolated from the ICU environment and COVID-19 individuals is shown in
a dendrogram obtained from ERIC-PCR. P: patient, N: nosocomial (ICU environment).
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Table 4: Genotypic frequency of A. baumannii according to age groups and gender.

Genotypes
Age/gender

≤40 years 41–60 years >60 years
Male Female Male Female Male Female

Genotypes 1 0 0 1 0 0 0
Genotypes 2 0 0 0 0 0 1
Genotypes 3 0 0 3 4 2 2
Genotypes 4 0 0 1 0 0 0
Genotypes 5∗ 1 1 3 1 0 0
Total 1 1 8 5 2 3
∗All 6 nosocomial isolates were excluded.

Table 5: Antibiotic resistance pattern to Acinetobacter baumannii isolates.

Antibiotics
Patients (#20) no (%) Nosocomial (#6) no. (%) Total resistant (#26) no.

(%)R S R S
AMP 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
AMC 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
CFX 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
CXM 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
FOX 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
CFM 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
CAZ 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
CRO 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
IPM 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
MEM 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
AMK 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
GEN 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
CIP 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
FOS 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
NIT 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
PIP 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
ATM 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
STR 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
TET 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
CLI 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
CPD 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
ERY 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
SXT 10 (50) 10 (50) 4 (66.6) 2 (33.3) 14 (53.8)
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In contrast, some patients’ strains were clustered with the
same genotype, indicating that there was a cross-
transmission of A. baumannii between these patients.

We did not fnd any specifc reason behind the diverse
appearance of strains isolated from patients in the age group
of 41–60 years; however, it may be due to the large number of
A. baumannii-infected patients who belong to this
age group.

Pathogen identifcation and antimicrobial susceptibility
test methods are critical for commencing efective medi-
cation and preventing further complications [55]. Te high
rate of resistance to antibiotics in this investigation may be
linked to prolonged exposure to antibiotics, and this may be
due to the long duration of hospitalisation in the ICU [56].
In addition, with COVID-19 patients, most antibiotics were
empirical [57], and there was extensive improper use of
antibiotics [28].

With regarding the multi and extensively drug-resistant
“Acinetobacter baumannii,” this research demonstrated the
clustering of distinct-resistant genes within the same genetic
component and the coselection pathway of the resistant or
by mutation of specifc genes that were usually extruding
a wide variety of drugs, mostly due to the expression of
a gene which codes for multiple drug efux pumps [58].
Efux pump inhibitor drugs have shown promising results
in a number of studies, which gives hope that MDR
A. baumannii resistance can be overcome [59, 60].

Carbapenem resistance in A. baumannii (CRAb) is
a major issue since this category of antimicrobial is used to
treat infections caused by multidrug-resistant Gram-
negative bacteria as the last line of defense [61]. Te
study’s outcome showed that all isolates were carbapenem-
resistant. Refecting the higher patient exposure to these
drugs, as in most parts of the world, the drug of choice in
severely ill COVID-19 patients to prevent secondary bac-
terial infection is imipenem or meropenem [62].

Tere is a second-line treatment strategy to compensate
for CRAb infections, including tigecycline and polymyxins

[63]. Even though tigecycline has never been used as
a therapy in our area, our isolates showed that they were
completely susceptible to it, and this will create hope of
treating coinfection with CRAb in COVID-19 patients.

On the other hand, some isolates were resistant to co-
listin, making the selection of a rational antimicrobial
regimen extremely difcult. Colistin resistance is either
caused by the horizontally transferable colistin-resistant
genes or through mutations of genes in clusters that re-
spond to colistin stress and encode proteins that are involved
in lipopolysaccharide biosynthesis pathways [64] with high
MIC levels [65]. Some of the A. baumannii isolates were
colistin-resistant (there were no outbreaks of colistin re-
sistance), suggesting the mechanism of colistin resistance
may have arisen in these isolates by mutational changes.

In this study, there was no gender-based diference in the
frequency of antibiotic resistance, except for TOB and NET
in females, which were found to be signifcantly resistant
(P< 0.05). Tis could be due to antibiotic-resistant pressure
resulting from increased previous exposure to these drugs
against themost frequent bacterial infections in females [66],
such as urinary tract infections [67], while, for age groups,
the resistance rate of A. baumannii from the patients
41–60 years old showed a higher resistance rate than the
others. Tis might be attributed to the high incidence rate of
infection among this age group due to the large number of
COVID-19 patients in hospitals who belong to this
age group.

Tese facts might not apply to all regions because the
prevalence and susceptibilities of bacterial resistance difer
widely among COVID-19 pandemics in diferent geo-
graphical regions. Terefore, a local survey is required on
antibiotic susceptibilities to estimate these results.

Finally, the present work has strongly recommended
a complete hygienic condition to be implemented in the
ICUs, with the efective application of COVID-19 aseptic
techniques, including protective clothing and equipment,
and environmental disinfection measures, to restrict the

Table 5: Continued.

Antibiotics
Patients (#20) no (%) Nosocomial (#6) no. (%) Total resistant (#26) no.

(%)R S R S
TZP 18 (90) 2 (10) 5 (83.3) 1 (16.6) 23 (88.4)
FEP 16 (80) 4 (20) 4 (66.6) 2 (33.3) 20 (76.9)
NET 16 (80) 4 (20) 4 (66.6) 2 (33.3) 20 (76.9)
TOB 18 (90) 2 (10) 5 (83.3) 1 (16.6) 23 (88.4)
LVX 12 (60) 8 (40) 3 (50) 3 (50) 15 (57.6)
TGC 0 (0) 20 (100) 0 (0) 6 (100) (0)
CST 8 (40) 12 (60) 2 (33.3) 4 (66.6) 10 (38.4)
DOX 15 (75) 5 (25) 5 (83.3) 1 (16.6) 20 (76.9)
NOR 15 (75) 5 (25) 4 (66.6) 2 (33.3) 19 (73)
CLR 14 (70) 6 (30) 5 (83.3) 1 (16.6) 19 (73)
MDR 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
XDR 20 (100) 0 (0) 6 (100) 0 (0) 26 (100)
AMP: ampicillin, AMC: amoxicillin/clavulanate, CFX: cefuroxime, CXM: cefuroxime axetil, FOX: cefoxitin, CFM: cefxime, CAZ: ceftazidime, CRO:
ceftriaxone, IPM: imipenem, MEM: meropenem, AMK: amikacin, GEN: gentamicin, CIP: ciprofoxacin, FOS: fosfomycin, NIT: nitrofurantoin, SXT:
trimethoprim-sulfamethoxazole, PIP: piperacillin, TZP: piperacillin-tazobactam, FEP: cefepime, ATM: aztreonam, NET: netilmicin, TOB: tobramycin, LVX:
levofoxacin, STR: streptomycin, TET: tetracycline, TGC: tigecycline, CST: colistin, CLI: clindamycin, CPD: cefpod-oxime, DOX: doxycycline, NOR:
norfoxacin, CLR: clarithromycin, ERY: erythromycin. MDR: multidrug-resistant, XDR: extensively drug resistance, S: suspectable, R: resistant.
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transmission of bacterial infection. In addition, it is pref-
erable to use the most efective or new antibiotics with
diferent modes of action to defeat the growth of MDR
A. baumannii in COVID-19 bacterial coinfection.

5. Conclusion

Te appearance of COVID-19 disease caused by the coro-
navirus increases the risk of coinfection by multidrug-
resistant bacteria. Acinetobacter baumannii is one of the
life-threatening MDR bacteria that causes superinfection in
severely ill COVID-19 patients. Tis study highlights a high
incidence rate of genetically related A. baumannii, especially
in active age group male patients. Hence, it emphasises
standard preventive strategies to minimise further bacterial
spread among COVID-19 patients. As a consequence of
XDR A. baumannii, the therapeutic option for this bacte-
rium becomes challenging. However, there is some hope to
treat this extensively drug-resistant A. baumannii with
tigecycline. Terefore, it is recommended to perform anti-
biotic susceptibility testing in COVID-19 patients sufering
from secondary bacterial infections to prevent the empirical
prescription of antibiotics, with a subsequent decrease in
resistance development.
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