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Abstract—Antimicrobial resistance (AMR) generates serious
negative impacts on health-care systems worldwide, and Iraq
is not an exception. To uncover the prevalence of AMR and
to visualize the magnitude of the multidrug-resistant (MDR)
dilemma in Iraqi hospitals, this study is carried out. A total of
11592 clinical records from ten different health-care facilities in
seven Iraqi provinces are collected and analyzed. Our data show
that 4984 (43.0%) of all clinical samples are negative for bacterial
growth. In adults, Gram-negative bacteria (GNB) represented
48.9% and Gram-positive bacteria (GPB) represented 51.1% of
clinical isolates; in children, GNB represented 60.8% and GPB
represented 39.2%. Furthermore, in adults, Klebsiella pneumoniae
(30.1%) and Staphylococcus aureus (40.8%) are among the most
common GNB and GPB isolates, respectively. In children, K.
pneumoniae (37.9%) and Staphylococcus haemolyticus (41.8%) are
the most common GNB and GPB, respectively. Adults’ samples
showed that Escherichia coli and Proteus mirabilis were the most
resistant GNB; S. aureus and Staphylococcus epidermidis are
among the most resistant GPB. In children, K. pneumoniae is found
to be the most resistant GNB. This study confirms the persistence
of antimicrobial resistance and multidrug-resistant gram negative
and gram positive bacteria in adults and children alike. Ampicillin
and oxacillin have been recognized as ineffective drugs in adults,
and ampicillin, nafcillin, cefoxitin, and benzylpenicillin have been
found to be highly resisted by pathogenic bacteria in children. The
outcomes of this study confirm the necessity of conducting AMR
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surveillance on a regular basis and establishing national antibiotic
prescription guidelines to manage AMR development in Iragq.
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I. INTRODUCTION

Antimicrobial resistance (AMR) is recognized as one of the
global public health threats facing humanity (WHO, 2021).
AMR is higher among populations of low- and middle-income
countries in comparison with wealthy ones (Allel, et al., 2023).
For decades now, AMR has been attracting more attention
from researchers and policymakers worldwide for becoming
an economic burden on the public health sector and for being
linked to prolonged illnesses, extended hospitalization, and
higher mortality rates (World Bank, 2017). Besides death,
AMR may pose potential damage to humans, animals, plants,
and food security alike (Murray, et al., 2022).

AMR could be defined as the failure of antibiotics to
kill or inhibit microbial growth, and as a consequence,
affected microorganisms become resistant to drugs that
used to be effective in the past. Among the critical known
factors involved in the emergence of AMR is the overuse
of antibiotics and unnecessary clinical prescriptions (Coque,
et al., 2023). At the molecular level, AMR is either intrinsic
or acquired, and the latter is part of an evolutionary process
taking place in microorganisms through mutations or
horizontal gene transfer of mobile genetic elements from
other microorganisms (Martinez, Coque and Baquero 2014).

The Middle East, like other regions of the world, suffers
from AMR, but at different levels (Borgio, et al., 2021;
Yildiz, et al., 2023; Torumkuney, et al., 2022a; Ruan,
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et al., 2023). The severity of AMR among the populations
is reflected by the countermeasures that have been taken
by local authorities to overcome or diminish this problem
(Hassan, et al., 2023; Torumkuney, et al., 2022b). Iraq, like
its neighboring countries, also suffers from AMR. AMR
may have been growing worse in this country due to several
factors, including political and economic instability, a lack of
national antimicrobial guideline usage, and the challenging
task of recovering the antibiotic prescription history of
patients who visited hospitals for treatment. Meanwhile,
troubling signs have been reported through several studies,
suggesting the seriousness of this problem in Iraq (Hésler,
et al., 2018; Raouf, et al., 2022; Abou Fayad, et al., 2023).

Studies on various regions and infection sites among Iraqi
patients revealed differing rates of AMR and MDR pathogenic
bacteria. Multidrug-resistant (MDR) Enterococcus faecalis
and Acinetobacter baumannii, along with other Gram-positive
bacteria (GPB) and Gram-negative bacteria (GNB), were
isolated from patients with urinary tract infections (UTI)
(Al-Jumaily and Zgaer, 2016; Al-Nagshbandi, et al., 2019).
Klebsiella pneumoniae is linked to community-acquired
pneumonia (Raouf, et al., 2022) and is the most common
antibiotic-resistant pathogen identified in swabs from the
nasal, oral, and groin regions of refugees recently immigrated
to Germany (Hésler, et al., 2018). Methicillin-resistant
Staphylococcus aureus and Staphylococcus epidermidis were
isolated from patients with wound infections (Al-Nagshbandi,
et al, 2021). MDR Streptococcus parasanguinis and
A. baumannii were isolated from patients with lower
respiratory tract infections (Chawsheen, Al-Nagshbandi and
Abdulgader, 2020). MDR Escherichia coli has been isolated
from various specimens, including urine, stool, blood, wound
swabs, ear swabs, pus, abscess, sputum, and body fluids
(Al-Hasani, Al-Rubaye, and Abdelhameed, 2023).

From what was mentioned earlier, there is clearly enough
evidence suggesting the presence of AMR within Iraqi
communities and, unfortunately, the existence of MDR
pathogens as well. Most of the previous studies covered AMR-
related pathogens only and in limited areas, such as a certain
city or province. In this project, we aimed to investigate
the prevalence and antimicrobial susceptibility, AMR rates,
and MDR bacterial pathogens among local communities in
seven different Iraqi provinces: Baghdad, Al-Anbar, Wasit,
Babil, Maysan, Al-Najaf, and Dhi-Qar. This may help us to
polymerize a comprehensive vision of the real scale of the
AMR problem in Iraq. Moreover, a study like this one is a
necessity to assist the health sector’s policymakers in adopting
legislation that culminates in issuing the National Antimicrobial
Guidelines. Issuing such guidelines is, by itself, a crucial step
toward overcoming or diminishing the AMR problem.

II. MATERIALS AND METHODS

A. Data Collection

A retrospective study was conducted on 11592 clinical
records for samples collected during the period of July
2019-April 2021 from ten public hospitals and two private
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laboratories in seven Iraqi provinces, as follows: Baghdad
Hospital, Central Children Hospital, and Al-Buraq Lab
(in Baghdad province); Al-Ramadi Hospital and Al-Ramadi
Children Hospital (in Al-Anbar province); Al-Karama
Hospital (in Wasit province); Babylon Hospital (in Babil
province); Al-Sadr General Hospital (in Maysan province);
Al-Hakeem Hospital, Al-Sadar Hospital, and Al-Amal Lab
(in Al-Najaf province); and Al-Hussain Hospital (in Dhi-
Qar) province (Fig. 1). Clinical specimens were collected
from different sites, including urine, blood, stool, and swabs
(wound, ear, nasal, oral, throat, and high vaginal swab), in
addition to body fluids and discharges (ascites fluid, semen,
pus, sputum, abscess, nipple discharges, and synovial fluid).

B. Bacterial Culture and Identification

At all collection facilities, standard laboratory techniques
were applied. After transferring clinical samples into the
facilities’ laboratories, samples were inoculated on Blood,
MacConkey, Chocolate, Salmonella Shigella, Xylose Lysine
Deoxycholate, and Thiosulfate—citrate-bile salts—sucrose
agars, according to the type of specimens. During the
inoculation process, striking methods (based on the type of
specimen) were used to spread the specimens’ inoculums on
agar plates, and afterward, the plates were incubated overnight
at 37°C. Aerobic bacterial growths were identified according
to colony characteristics and Gram’s staining by applying the
Bhatia and Ichhpujani protocol (Bhatia and Ichhpujani, 2008).
Identification of GPB, GNB, and antimicrobial sensitivity
tests was performed following VITEK®2 compact system
protocols using AST kits: VITEK®2 GN with reference
numbers GN222, GN 69, 71, 76, and 82 and VITEK®2 GP
Reference P580, P592, STO1, and STO03.

C. Antibiotics

The above-mentioned health-care facilities have used
VITEK®2 kits to investigate the following antibiotics:
AM-Ampicillin, AMC-Amoxicillin/Clavulanic Acid,
AN-Amikacin, ATM-Aztreonam, CAZ-Ceftazidime,
C-Chloramphenicol, FOX-Cefoxitin, CRO-Ceftriaxone, CFM-
Cefixime, CIP-Ciprofloxacin, CS-Colistin, CT-Ceftolozane/
Tazobactam, CTX-Cefotaxime, CXMA-Cefuroxime
axetil, CZA-Ceftazidime/Avibactam, CZ-Cefazolin, DO-
Doxycycline, DOR-Doripenem, ETP-Ertapenem, FEP-
Cefepime,  FT-Nitrofurantoin, = GM-Gentamicin, IPM-
Imipenem, LEV-Levofloxacin, MEM-Meropenem, MNO-
Minocycline, MUP-Mupirocin, MXF-Moxifloxacin, Nafcillin,
OFL-Ofloxacin, P-Benzylpenicillin, PEF-Pefloxacin, TZP-
Piperacillin/Tazobactam, PIP-Piperacillin, RA-Rifampicin,
SAM-Ampicillin/Sulbactam, SPI-Piperacillin/Sulbactam,
SXT-Trimethoprim/Sulfamethoxazole, TCC-Ticarecillin/
Clavulanic Acid, TE-Tetracycline, TGC-Tigecycline, TIC-
Ticarcillin, TMP-Trimethoprim, and TM-Tobramycin.

D. Data Analysis

In regard to the recovered isolates’ dominancy and
abundance, data were presented in percentages (%). When
the resistance rate of recovered isolates toward a specific
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Fig. 1. Map of Iraq and the administrative units (governorates). Numbers showing clinical cases in each of the seven governorates that data were

collected from. The original “plain” map was sourced from www.burningcompass.com, and details were added by the authors.

antibiotic was >70%, they were considered to be resistant
bacteria. For the collective antibiotic resistance in GPB
and GNB, we also classified antibiotics that were resisted
by 90% or more of the isolates as highly resisted drugs.
The above-mentioned criteria were used in accordance with
Al-Nagshbandi, et al. (2019).

III. RESULTS AND DISCUSSION

A. Results

Our analysis of the collected data from the Iraqi
hospitals revealed that out of 11592 tested clinical samples,
4984 (43.0%) were negative for bacterial growth, and the rest
generated 3274 (49.5%) Gram-negative and 3334 (50.5%)
Gram-positive pathogenic bacteria. Out of the total number
of pathogenic isolates, 6248 (94.6%) were recovered from
adults, and 360 (5.4%) were from children patients. From
all recovered pathogenic GNB, 3055 (93.3%) of them were
from adults and 219 (6.7%) of them were from children
patients. Out of all pathogenic GPB isolates, 3193 (95.8%)
were recovered from adults and 141 (4.2%) from children.
In adults alone, GNB presented 48.9% and GPB 51.1% of
the 6248 clinical isolates. In children only, GNB presented
60.8% and GPB 39.2% of 360 clinical isolates (Table I).

TABLE I
THE DISTRIBUTION OF PATHOLOGIC BACTERIAL GROWTH IN CLINICAL SAMPLES
FROM PATIENTS TREATED AT IRAQI HEALTH-CARE FACILITIES

All clinical cases No. of No. of negative Total (%)
pathogenic growth (%)
bacteria (%)
6608 (57.0) 4984 (43.0) 11592 (100)
Pathogenic isolates No. (%) Adults out of total ~ Children out of
total
GNB 3274 (49.5) 3055 (93.3) 219 (6.7)
GPB 3334 (50.5) 3193 (95.8) 141 (4.2)
Total 6608 6248 (94.6) 360 (5.4)
Adults only Type of bacteria No. of isolates
6248 (94.6) GNB 3055 (48.9)
GPB 3193 (51.1)
Children only Type of bacteria No. of isolates
360 (5.4) GNB 219 (60.8)
GPB 141 (39.2)

GNB: Gram-negative bacteria; GPB: Gram-positive bacteria

The data also show that K. pneumoniae and S. aureus
are among the most common GNB and GPB isolates,
respectively, among the adult patients who attended Iraqi
hospitals. In adult patients, it was also observed that the
least detected GNB was Acinetobacter haemolyticus, and
the least detected GPB was Streptococcus alactolyticus
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TABLE II

PREVALENCE OF GNB AND GPB IN ISOLATED SAMPLES OBTAINED FROM ADULTS AND CHILDREN PATIENTS IN IRAQI HEALTH-CARE FACILITIES
Adults Children patients
GNB No. % GPB No. % GNB No. % GPB No. %
Klebsiella pneumoniae 921 30.1 Staphylococcus aureus 1304 40.8 Klebsiella pneumoniae 83 37.9 Staphylococcus haemolyticus 59 41.8
Pseudomonas aeruginosa ~ 862 28.2 Enterococcus faecalis 443 13.9 Pseudomonas aeruginosa 51 23.3 Staphylococcus aureus 52 36.9
Acinetobacter baumannii 307 10  Staphylococcus epidermidis 417 13.1 Acinetobacter baumannii 37 16.9 Staphylococcus epidermidis 30 21.3
Proteus mirabilis 270 8.8 Staphylococcus haemolyticus 411 12.9 Proteus mirabilis 25 11.4 Total 141 100
Enterobacter cloacae 166 5.4 Streptococcus agalactiae 213 6.7 Enterobacter cloacae 23 105
Salmonella typhi 88 2.9 Staphylococcus hominis 191 6  Total 219 100
Serratia marcescens 82 2.7 Streptococcus pneumoniae 99 3.1
Klebsiella oxytoca 65 2.1 Enterococcus faecium 78 24
Sphingomonas paucimobilis 58 1.9 Streptococcus alactolyticus 19 0.6
Morganella morganii 37 1.2 Staphylococcus saprophyticus 18 0.6
Enterobacter aerogenes 34 1.1 Total 3193 100
Acinetobacter Iwolffii 26 0.9
Citrobacter freundii 24 0.8
Serratia fonticola 21 0.7
Pseudomonas fluorescens 19 0.6
Pseudomonas luteola 19 0.6
Shigella dysenteriae 16 0.5
Achromobacter 14 05
denitrificans
Escherichia coli 14 05
Acinetobacter haemolyticus 12 0.4
Total 3055 100
GNB: Gram-negative bacteria; GPB: Gram-positive bacteria
and Staphylococcus saprophyticus (Tables 1II, SI1-S3). Collectively, while the most resisted antibiotic in GNB

K. pneumoniae was the predominant Gram-negative bacillus
identified in pediatric patients, similar to adults. In regard to
GPB, unlike adult patients, children showed Staphylococcus
haemolyticus as the most common pathogenic bacteria. For
children, the GNB, Enterobacter cloacae, and the GPB,
S. epidermidis, were among the least detected pathogens
(Tables II and S3).

The most resistant GNBs toward antibiotics in adults
were E. coli and Proteus mirabilis. Whereas the first
one was resistant to ampicillin, ceftriaxone, cefazolin,
cefepime, and cefoxitin, the second one was resistant to
ampicillin,  trimethoprim/sulfamethoxazole,  tetracycline,
trimethoprim, and colistin. Furthermore, the GNBs
that were resistant only to one type of antibiotic were
A. baumannii (resistant to cefazolin), Klebsiella oxytoca
(resistant to ampicillin), Morganella morganii (resistant to
trimethoprim/sulfamethoxazole), and Serratia marcescens
(resistant to cefazolin). Meanwhile, the most resistant GPB
toward antibiotics in adults were S. aureus, S. epidermidis,
S. haemolyticus, and Staphylococcus hominis, as they were
all resistant to erythromycin, oxacillin, and benzylpenicillin.
The least resistant GPBs were Enterococcus faecium and
Streptococcus agalactiae, as they were both resistant only to
tetracycline (Tables III and S1-S3).

In children, the situation was different, as the most
resistant GNB was K. pneumoniae for resisting ampicillin,
chloramphenicol, and cefoxitin, and the least resistant one was
Pseudomonas aeruginosa for resisting nafcillin antibiotic only.
Furthermore, for children, S. epidermidis and S. haemolyticus
were the only spotted resistant pathogenic GPBs that were
resistant to benzylpenicillin (Tables III and S3).
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of the pathogenic isolates recovered from adults and
children patients was ampicillin, the most resisted antibiotic
in GPB was oxacillin in adults and benzylpenicillin in
children (Table IV).

Nitrofurantoin was the least resisted antibiotic by GNB in
adult and children isolates, being tolerated only by 5.8% and
10% of the isolates, respectively. For GPB isolates recovered
from adults and children, linezolid and doripenem were the
least resisted by 6.8% and 21.3%, respectively (Table IV).

B. Discussion

The prevalence and rates of AMR among human
populations vary, and this is due to socioeconomic factors,
the rate of antibiotic consumption, access to clean water,
sanitation, the rate of vaccination, and an efficient health-
care system (Sriram, et al., 2021; Allel, et al., 2023). Lately,
alarming signals of AMR have arisen in Iraq, necessitating
thorough investigations to understand the scale of this
dilemma. To better understand this issue and to cover as
many clinical cases as possible, we have collected data from
different public hospitals and private laboratories in Iraq. At
the end of the collection process, a total of 11592 clinical
records were retrieved and analyzed.

Our investigations showed that out of all recorded cases
(from adults and children), 4984 were negative for bacterial
growth (Table I). This may indicate that 43.0% of all clinical
cases who suffered from certain health conditions were not
caused by pathogenic bacteria, but still, their samples went
through microbiology laboratories for suspected bacterial
infections. In spite of the fact that this rate may be somehow
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TABLE III
THE MosT RESILIENT GNB AND GPB WERE RECOVERED FROM BOTH ADULT AND CHILDREN PATIENTS IN IRAQI HEALTH-CARE FACILITIES*

GNB isolated from adults

Resisted antibiotics

Escherichia coli

AM-Ampicillin

CRO-Ceftriaxone

CZ-Cefazolin FEP-Cefepime

Proteus mirabilis

Klebsiella pneumoniae
Serratia fonticola
Enterobacter cloacae
Pseudomonas aeruginosa
Enterobacter aerogenes
Morganella morganii
Salmonella typhi
Acinetobacter baumannii
Klebsiella oxytoca

AM-Ampicillin

AM-Ampicillin
CIP-Ciprofloxacin
CS-Colistin
AM-Ampicillin
CRO-Ceftriaxone
AM-Ampicillin
AM-Ampicillin
CZ-Cefazolin
AM-Ampicillin

SXT-Trimethoprim/
Sulfamethoxazole
CZ-Cefazolin
CRO-Ceftriaxone
CZ-Cefazolin
CZ-Cefazolin
CZ-Cefazolin
CZ-Cefazolin
CZ-Cefazolin

TE-Tetracycline TMP-Trimethoprim

TIC-Ticarcillin
LEV-Levofloxacin

PIP-Piperacillin
CZ-Cefazolin
FOX-Cefoxitin
DOR-Doripenem

Morganella morganii SXT-Trimethoprim/
Sulfamethoxazole

Serratia marcescens CZ-Cefazolin

GPB isolated from adults Resisted Antibiotics

Staphylococcus aureus
Staphylococcus epidermidis
Staphylococcus haemolyticus
Staphylococcus hominis
Enterococcus faecium
Staphylococcus saprophyticus
Streptococcus pneumoniae
Enterococcus faecalis
Streptococcus alactolyticus
Enterococcus faecium
Streptococcus agalactiae

E-Erythromycin
E-Erythromycin
E-Erythromycin
E-Erythromycin
E-Erythromycin
E-Erythromycin
E-Erythromycin
E-Erythromycin
E-Erythromycin
TE-Tetracycline
TE-Tetracycline

OX1-Oxacillin
OX1-Oxacillin
OX1-Oxacillin
OX1-Oxacillin
LEV-Levofloxacin
0OX1-Oxacillin
TE-Tetracycline
TE-Tetracycline
TE-Tetracycline

P-Benzylpenicillin
P-Benzylpenicillin
P-Benzylpenicillin
P-Benzylpenicillin

GNB isolated from in Children patients

Resisted Antibiotics

Klebsiella pneumoniae
Acinetobacter baumannii
Enterobacter cloacae

Pseudomonas aeruginosa

GPB isolated from Children patients
Staphylococcus epidermidis
Staphylococcus haemolyticus

AM-Ampicillin
FOX-Cefoxitin
FOX-Cefoxitin
Nafcillin

Resisted Antibiotics
P-Benzylpenicillin
P-Benzylpenicillin

C-Chloramphenicol
Nafcillin
Nafcillin

FOX-Cefoxitin

*This table displays only the isolates that have shown a resistance of 70% or higher to the specified antibiotic (s)

FOX-Cefoxitin

scary, similar and even higher ones have been reported
in previous studies (Ibrahim, 2018; Al-Nagshbandi, et al.,
2019; Allami, et al., 2021). The number of negative results
may eventually cause tremendous pressure on hospitals with
regard to time, effort, and resources. Thus, physicians may
need to be more careful before deciding which cases should
be sent to laboratories for analysis.

Our data also show that the distribution of the recovered
isolates into GNB and GPB in adults was different than
what has been seen in children, with 48.9% of GNB and
51.1% of GPB recovered from adults and 60.8% of GNB
and 39.2% of GPB recovered from children (Table I). In this
context, previous studies have shown that these values vary
and fluctuate depending on age, sex, and site of infection
(Lambers, et al.,, 2006; Allami, et al., 2021). Even within
children, these fluctuations could be detected easily. For
instance, Li, et al. (2021) reported that GPB represented more
than 60% of all microorganisms isolated from cerebrospinal
fluids; Dharmapalan, et al. (2017) explained in their study
that 53.3% of bacteremia is promoted by GNB; Le Doare,
et al. (2015) suggested that 66% of all isolates recovered from

children suffering from sepsis were of GNB; Ibrahim, (2018)
uncovered that GNBs were isolated from more than 80% of all
clinical cases attended intensive care units (ICU); and Salman,
et al. (2022) concluded that GNB is more common in UTL
Our analysis of children’s patients’ data also showed
that the most common GNB and GPB were K. pneumoniae
and S. haemolyticus, respectively. Moreover, the least
detected GNB and GPB were E. cloacae and S. epidermidis,
respectively. These findings were somehow consistent with
previous studies, but the site of infection was found to be
the most crucial factor in determining the prevalence of the
recovered microorganism. GNBs such as E. coli, Klebsiella
spp., Shigella spp., and Pseudomonas spp. are usually
associated with digestive tract problems, and GPBs are rarely
reported to be involved in such cases (Lambers, et al., 2006;
Allami, et al., 2021). For the high rates of Klebsiella spp.
detection (besides other multidrug-resistant [MDR] GNB) in
children, Labib, et al. (2018) and Ibrahim, (2018) reported
similar results for cases attending ICUs. Furthermore,
Badry, Jameel and Mero (2014) reported that Klebsiella spp.
placed second, after E. coli, for diarrheal children attending
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THE OVERALL RESISTANCE OF ISOLATED GNB AND GPB TO ANTIMICROBIALS IN SAMPLES COLLECTED FROM ADULT AND CHILDREN PATIENTS WHO WERE ADMITTED
TO IRAQI HEALTH-CARE FACILITIES

Adults

GNB GPB
Antimicrobial R%  Antimicrobial R%  Antimicrobial R%  Antimicrobial R%
AM-Ampicillin 91.1 GM-Gentamicin 36.5 OX1-Oxacillin 86  MXF-Moxifloxacin 4.9
TMP-Trimethoprim 80  CAZ-Ceftazidime 35.7 P-Benzylpenicillin 83.9 DAP-Daptomycin 4
CZ-Cefazolin 77.8  FOS-Fosfomycin 35  E-Erythromycin 749 TGC-Tigecycline 1.5
DOR-Doripenem 72 FOX-Cefoxitin 35  FOS-Fosfomycin 68.2  FT-Nitrofurantoin 0.4
SPI-Piperacillin/Sulbactam 68  LEV-Levofloxacin 33 TE-Tetracycline 60.5
CZA-Ceftazidime/Avibactam 66  TZP-Piperacillin/Tazobactam 31.6 CTX-Cefotaxime 34
CT-Ceftolozane/Tazobactam 64  ETP-Ertapenem 31.6  MUP-Mupirocin 315
TIC-Ticarcillin 62.2 CS-Colistin 30.9 CIP-Ciprofloxacin 30.3
CRO-Ceftriaxone 57.1 ATM-Aztreonam 30.5 CM-Clindamycin 283
PIP-Piperacillin 54 FEP-Cefepime 29.8 CRO-Ceftriaxone 25.4
SAM-Ampicillin/Sulbactam 52.1 MNO-Minocycline 29.6 LEV-Levofloxacin 24.5
SXT-Trimethoprim/Sulfamethoxazole 51 ~ MXF-Moxifloxacin 27.3 FA-Fusidic Acid 214
C-Chloramphenicol 50  IPM-Imipenem 24.6 GM-Gentamicin 20.4
TE-Tetracycline 50  PEF-Pefloxacin 243 RA-Rifampicin 18.9
AMC-Amoxicillin/Clavulanic Acid 44.8 MEM-Meropenem 242  SXT-Trimethoprim/sulfamethoxazole  18.9
TCC-Ticarcillin/Clavulanic Acid 41  AN-Amikacin 21.9 TM-Tobramycin 18.3
CXMA-Cefuroxime Axetil 40.9 TGC-Tigecycline 13 AM-Ampicillin 14
CXM-Cefuroxime 40.9  FT-Nitrofurantoin 5.8  C-Chloramphenicol 12.1
TM-Tobramycin 38.5 VA-Vancomycin 10.6
CFM-Cefixime 38.1 TEC-Teicoplanin 8.6
CIP-Ciprofloxacin 37.2 LNZ-Linezolid 6.8

Children patients
GNB GPB
Antimicrobial R%  Antimicrobial R%  Antimicrobial R%
AM-Ampicillin 96.9 DO-Doxycycline 30.2 P-Benzylpenicillin 81.6
Nafcillin 87.8 ATM-Aztreonam 20.5 SXT-Trimethoprim/Sulfamethoxazole 29.2
FOX-Cefoxitin 77.8 RA-Rifampicin 19.2  DO-Doxycycline 25.8
CRO-Ceftriaxone 46.7  FT-Nitrofurantoin 10 SAM-Ampicillin/Sulbactam 21.8
C-Chloramphenicol 39 DOR-Doripenem 21.3
SXT-Trimethoprim/Sulfamethoxazole  37.5
TIC-Ticarcillin 34.6

R, Resistance; Percentages of R = (number of tests with R response/total number of tests)*100

hospitals in Duhok city. In a study that involved the isolation
of bacteria from the blood stream of the pediatric population
in India, K. pneumoniae and S. aureus placed first, GNB and
GPB, respectively (Dharmapalan, et al., 2017).

This study also revealed that the most abundant GNB
among adult patients was K. pneumoniae, and the least
detected one was A. haemolyticus. For GPB in adults, the most
common bacteria were S. aureus, and the least detected ones
were S. alactolyticus and S. saprophyticus. As we explained
with children’s data, the site of infection in adults also plays
an important role in explaining and comparing the prevalence
of the above-mentioned GNB and GPB. Accordingly, in UTI
patients, E. coli and S. haemolyticus were found to be the
most prevalent GNB and GBP, respectively (Al-Nagshbandi,
et al., 2019). While Raoofi, et al. (2023) reported that E. coli
is the most dominant GNB in patients attending southern
Iran hospitals, the majority of their data were extracted from
UTI patients’ records (Raoofi, et al., 2023). In a previous
study of ours that covered isolates recovered from wound
infections, GNB such as E. coli and P. aeruginosa and
GPB such as S. aureus and S. epidermidis were found to
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be the dominant pathogenic bacteria (Al-Nagshbandi, et al.,
2021). In patients with lower respiratory tract infections,
GNBs such as 4. baumannii and S. marcescens and GPBs
such as S. parasanguinis were among the most dominant
pathogen isolates recovered in Erbil (Chawsheen, et al.,
2020). Al-Jebouri and Mdish (2019) showed that GPBs
were isolated from more than half of patients diagnosed
with bacteriospermia, and the most dominant one was S.
aureus. GNBs such as E. coli, E. faecalis, K. pneumoniae, S.
saprophyticus, P. mirabilis, and Neisseria gonorrhoeae were
also recovered from the semen of patients suffering from
infertility problems (Al-Jebouri and Mdish, 2019).

We also evaluated the response of the detected pathogenic
bacteria to a variety of antibiotics. Our data show that the
most resilient GNB recovered from adults were E. coli and
P mirabilis, as the first one was resistant to ampicillin,
ceftriaxone, cefazolin, cefepime, and cefoxitin, and the
second one was resistant to ampicillin, trimethoprim/
sulfamethoxazole, tetracycline, trimethoprim, and colistin.
On the other hand, the most resilient GPBs were S. aureus,
S. epidermidis, S. haemolyticus, and S. hominis, as all
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of them were resistant to erythromycin, oxacillin, and
benzylpenicillin. In regard to GNB recovered from children,
K. pneumoniae was the most resilient, being resistant to
ampicillin, chloramphenicol, and cefoxitin. S. epidermidis
and S. haemolyticus were GPB recovered from children,
and both were resistant to benzylpenicillin (Table S3). For
the way that GNBs responded to ampicillin, previous studies
reported similar results to ours. However, for the other
antibiotics and bacteria, different results were reported.
These studies indicated that antibiotics that were found to be
ineffective in the Iraqi environment do not necessarily have
the same outcomes in other countries (that is, the pathogenic
isolates of the Iraqi environments are not identical to the
same type of bacteria in other places in the world, and
they do not respond to antibiotics in a similar way). This is
mainly a reflection of the quality of health-care systems and
the antibiotic prescribing guidelines that have been applied
in these counties, which have definitely played a crucial role
in diminishing AMR (Dharmapalan, et al., 2017; Li, et al.,
2021; Alhumaid, et al., 2021). Furthermore, our findings
clearly indicate the presence of MDR pathogenic bacteria
among children and adult patients alike in Iraqi communities,
and this is in agreement with previous studies reporting
the same problem in the same or other locations within
Iraq (Chawsheen, et al., 2020; Al-Nagshbandi, et al., 2021;
Allami, et al., 2021; Hamza and Omran, 2022; Al-Hasani Al-
Rubaye and Abdelhameed, 2023).

E. coli, for instance, is well known for being resistant to
a wide range of antibiotics and at higher rates to ampicillin
(Nji, et al., 2021). The mechanisms by which this bacterium
acquires resistance toward different antibiotics include
extended-spectrum  B-lactamases, carbapenemases, 16S
rRNA methylases, plasmid-mediated quinolone resistance
genes, and mecr genes (Poirel, et al., 2018). Another study
reported that in several clinical cases, E. coli, P. mirabilis,
and K. pneumoniae showed the existence of plasmid ampC
(pAmpC) in their genetic makeup (Santiago, et al., 2020).

For GPB, Xu, et al. (2020) reported in their study that
many of their isolates of S. epidermidis and S. aureus, bearing
MRSE, were associated with high resistance to penicillin and
cefoxitin. The underlying mechanisms by which S. aureus and
S. epidermidis show resistance toward antibiotics involve the
following virulence genes: Staphyloxanthin crtN, hemolysin
genes, capsular cap8H, toxic shock toxin tst, enterotoxin sea,
mecA, dfrG, tet, ermA, ermB, and ermC (Ogundipe, et al.,
2020; Derakhshan, Navidinia and Haghi, 2021; Mazloumi,
Akbari and Yousefi, 2021).

Our evaluation of antibacterial resistance for all
tested antibiotics “collectively” revealed that ampicillin,
trimethoprim, cefazolin, and doripenem were resisted
by 91.1, 80, 77.8, and 72%, respectively, of all GNB in
adults. Our data also show that oxacillin, benzylpenicillin,
and erythromycin were resisted by 86, 83.9, and 74.9%,
respectively, by all GPB isolates. Among the children, these
rates were different, as ampicillin, nafcillin, and cefoxitin
were resisted by 96.9, 87.8, and 77.8%, respectively, by all
GNBs, and benzylpenicillin was resisted by 81.6% of GPB
(Table 1V). These data suggest that the above-mentioned

185

antibiotics are becoming inefficient in treating infections
caused by related pathogenic bacteria, and their prescriptions
should be avoided through establishing a national guideline
to overcome the AMR problem in Iraq.

The ineffectiveness of benzylpenicillin in fighting
microorganisms isolated from children is a worldwide
phenomenon that may require a profound measure to
overcome it (Sivasankar, Goldman and Hoffman, 2023).
Moreover, nitrofurantoin was found to be the least resisted
antibiotic by GNB and GPB in adult and children patients.
Accordingly, this drug could be recognized as the most
effective drug against both GNB and GPB and may play an
important role in eradicating the most resilient pathogenic
bacteria in Iraqi hospitals. Nevertheless, this performance
could be due to the low consumption and prescription rates of
this antibiotic in Iraqi communities in comparison with other
drugs, as a recent study indicates the emergence of AMR
among UTI patients in association with this nitrofurantoin
(Vallge, et al., 2023).

There is another threat that participates in accelerating
AMR development, which is the spread of pandemics. The
empirical approach to treating patients during the COVID-19
outbreak through unnecessary antibiotic prescriptions or
usage, either by ordinary people or professionals, was found
to contribute effectively to AMR progression (Raoofi, et al.,
2023; Rehman, 2023).

To promote health-care system efficiency in evaluating
AMR in Iraq, the above-mentioned points should be taken
seriously by the Ministry of Health. Moreover, by all means,
the establishment of a uniform national antibiotic prescription
guideline is a necessity to overcome the AMR challenge in
this country; otherwise, it may get out of control and become
a live-threat problem in the near future.

Limitation of the study

The authors of this study encountered the challenge of
non-uniform records when collecting data from hospitals
and laboratories in different governorates. Accordingly, they
were unable to compare rates of prevalence of bacteria
that are normally associated with certain sites of infection
to their rates in previous studies “easily.” In addition, the
targeted hospitals and laboratories have been using different
AST kits of VITEK®2 compact systems, which has further
complicated the interpretation of the extracted data.

IV. CoNCLUSION

The outcome of this study indicates that more than 40%
of clinical cases were not caused by bacterial infection,
and it also confirms the persistence of AMR among Iraqi
communities. This study uncovered the existence of
GNB- and GPB-MDR pathogens in adults and children
patients, respectively. Whereas in adults, E. coli, P
mirabilis, K. pneumoniae, Serratia fonticola, E. cloacae, P.
aeruginosa, S. aureus, S. epidermidis, S. haemolyticus, and
S. hominis were all identified as MDR pathogens, in children,
K. pneumoniae was the only detected MDR pathogen.
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Moreover, in adults, ampicillin and oxacillin have been
recognized as ineffective drugs and trimethoprim, cefazolin,
doripenem, oxacillin, benzylpenicillin, and erythromycin
as highly resisted ones. In children, the detected bacteria
were found to be highly resistant to ampicillin, nafcillin,
cefoxitin, and benzylpenicillin. Moreover, nitrofurantoin was
recognized as the most effective antibacterial drug against
GNB and GPB in children and adults alike. Finally, this study
supports the idea of running AMR surveillance at regular
time intervals and establishing national antibiotic prescription
guidelines to manage and overcome this problem in Iraq.

Supplementary Data

The supplementary data can be found at the end of this
document.
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TABLE S3
RESPONSES OF GNB AND GPB THAT WERE ISOLATED IN [RAQI CHILDREN PATIENTS TO VARIOUS ANTIMICROBIAL AGENTS
Antibiotics GNB Isolates
Acinetobacter baumannii  Enterobacter cloacae Klebsiella pneumoniae  Proteus mirabilis No. Pseudomonas

No. (37) (%) No. (23) (%) No. (83) (%) (25) (%) aeruginosa No. (51) (%)
AM-Ampicillin NT NT R63 (96.92), S2 (3.08) NT NT
ATM-Aztreonam NT R3 (13.64), S19 (86.36) R18(21.95), S64 (78.05) RO (0), S25 (100) R15(31.91), S32 (68.09)
C-Chloramphenicol NT NT R12(70.59), S5 (29.41) R4 (16.67), S20 (83.33) NT
CRO-Ceftriaxone R24 (68.57), S11 (31.43) R8(36.36), S14 (63.64) R41 (50), S41 (50) R11 (44),S14 (56) R15(31.25), S33 (68.75)
DO-Doxycycline R19 (54.29), S16 (45.71) R4 (18.18), S18 (81.82) R12(14.63), S70 (85.37) R11 (44), S14 (56) R18 (37.5), S30 (62.5)
FOX-Cefoxitin R9 (75), S3 (25) R10 (76.92), S3 (23.08) RS51 (78.46), S14 (21.54) NT NT
FT-Nitrofurantoin R2 (8.7), S21 (91.3) NT NT NT R4 (10.81), S33 (89.19)
Nafcillin R9 (75), S3 (25) R12 (100), SO (0) R55 (85.94), S9 (14.06) NT R10 (100), SO (0)
RA-Rifampicin NT R1(7.69),S12 (92.31) R14(21.54), S51 (78.46) NT NT
SXT- R16 (45.71), S19 (54.29) R7(33.33),S14 (66.67) R39 (48.15), S42 (51.85) R5(20.83), S19(79.17) R11 (23.4), S36 (76.6)
Trimethoprim/
Sulfamethoxazole
TIC-Ticarcillin NT R9 (69.23), S4 (30.77) RI18(27.69), S47 (72.31) NT NT
TM-Tobramycin NT RO (0), S13 (100) RO (0), S65 (100) NT NT
Antibiotics GPB Isolates

Staphylococcus aureus Staphylococcus Staphylococcus
No. (52) epidermidis No. (30) haemolyticus No. (59)

DO-Doxycycline R3 (6.25),S45(93.75)  R2(8.33), S22 (91.67) R28 (50), S28 (50)
DOR-Doripenem R7 (14.58), S41 (85.42) R7(30.43),S16 (69.57) RI13(23.21), S43 (76.79)
OFL-Ofloxacin RO (0), S21 (100) NT RO (0), S23 (100)
P-Benzylpenicillin R14 (51.85), S13 (48.15) R15 (100), SO (0) R33 (97.06), S1 (2.94)
SAM-Ampicillin/Sulbactam  R2 (4.17), S46 (95.83) R13 (54.17), S11 (45.83) R13(23.21), S43 (76.79)
SXT-Trimethoprim/ R2 (4.08), S47 (95.92) R10 (40), S15 (60) R26 (46.43), S30 (53.57)
Sulfamethoxazole

NT, not tested; R, Resistance; S, Sensitive; No., number of samples; Percentages of R or S = (number of tests with R or S response/total number of tests)* 100
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