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Abstract

Klebsiella pneumoniae is the most important species of the Klebsiella genus and often causes hospital infections. These
bacteria have a high resistance to most of the available drugs, which has caused concern all over the world. In this study, we
investigated the antibiotic resistance profile and the ability to produce extended-spectrum beta-lactamase (ESBL) among
K. pneumoniae isolates, and then we investigated the relationship between these two factors with biofilm formation and the
prevalence of different virulence genes. In this study, 130 isolates of K. pneumoniae isolated from wounds were investigated.
The antibiotic resistance of the isolates was evaluated by the disk diffusion method. The microtiter plate method was used
to measure biofilm formation. The prevalence of virulence genes was detected by multiplex PCR. Among the examined
isolates, 85.3% showed multidrug resistance. 87.6% of the isolates were ESBL-positive. Imipenem, meropenem, and fosfo-
mycin were the most effective drugs. The ability of the isolates to produce biofilm was strong (80%), moderate (12.3%), and
weak (7.6%), respectively. fimH, mrKD, entB, and folC virulence genes were observed in all isolates. High prevalence of
antibiotic resistance (especially multidrug resistance), high prevalence of ESBL-producing isolates, the ability of all isolates
to biofilm formation, and the presence of fimH, mrKD, entB, and f0lC virulence genes in all isolates show the importance
of these factors in the pathogenesis of K. pneumoniae isolates in Iraq.

Keywords Kliebsiella pneumoniae - Antibiotic resistance - Virulence genes - Biofilm - Multidrug resistance - Extended-
spectrum beta-lactamase

Communicated by Agnieszka Szalewska-Palasz. .
yoe Introduction

< Mohammed Allami

alhamdany012 @ gmail.com

Eman Jassim Mohammed
emanjassim @uomustansiriyah.edu.iq

Zainab Alnaji
zainab.mohsin@uomisan.edu.iq

Salsabil A.jassim

salsabelahmad18 @ gmail.com

Department of Dentistry, Al-Manara College for Medical
Sciences, Misan, Iraq

Department of Biology, Faculty of Science, Ferdowsi
University of Mashhad, Mashhad, Iran

Microbiology Laboratory, Qal’at Saleh General Hospital,
Misan Health Department, Misan, Iraq

Department of Microbiology, College of Science,
Mustansiriyah University, Baghdad, Iraq

College of Pharmacy, University of Misan, Misan, Iraq

Department of Biology, College of Science, Mustansiriyah
University, Baghdad, Iraq

Published online: 20 July 2024

Klebsiella pneumoniae is a gram-negative bacillus, a
member of the Enterobacteriaceae family, this bacterium
exists as a saprophyte in the pharynx, oral cavity, and
digestive system of some people and can be an oppor-
tunistic cause of infections such as meningitis, septice-
mia, bacteremia, wound infection, pneumonia, urinary
tract infection, and hospital infections should be consid-
ered (Manandhar et al. 2020; Yoon et al. 2022). The high
prevalence of MDR isolates among hospital infections has
made it difficult to choose the right drug to treat this bacte-
rium (Mbelle et al. 2020). K. pneumoniae is increasing in
causing disease due to the reduction of the host’s defense
as a result of complex and long surgeries and the use of
different drugs. Since K. pneumoniae causes disease in
people with weak immune systems, increasing the resist-
ance to antibiotics in these bacteria can be considered a
serious threat. Therefore, it is very important to determine
the pattern of antibiotic resistance in common pathogenic
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bacteria in order to guide experimental and specific treat-
ments against a specific pathogen. On the other hand,
the global spread of K. pneumoniae isolates with MDR
has become a serious risk (especially since these MDR
isolates are also reported from hospital infections) (B. F.
Araijo et al. 2018; F. Aratjo et al. 2012).

Extended-spectrum p-lactam (ESBL) are enzymes that
can hydrolyze oxyimino-cephalosporins and are inhibited
by beta-lactamase inhibitors (Mohammed et al. 2022a, b).
In many countries, due to excessive use of antibiotics, K.
pneumoniae isolates have become resistant to many anti-
biotics and can produce different enzymes such as broad-
spectrum beta-lactamases to resist antibiotics (Jensen et al.
2020). During the last 5 decades, the increase of resist-
ance in K. pneumoniae has been very high, previously
first resistance to certain antibiotics such as ampicillin,
trimethoprim, and tetracycline was reported, but now
this range of antibiotic resistance has become very wide
(Brisse et al. 2014). Aminoglycosides, Fluoroquinolones,
Trimethoprim-sulfamethoxazole, and Cephalosporins
are among the antibiotics to which K. pneumoniae have
become resistant due to the acquisition of plasmids that
encode broad-spectrum p-lactam and aminoglycoside-
converting enzymes, therefore, the possibility of treat-
ing infections Klebsiella is weakened by these antibiot-
ics (Holt et al. 2015). Furthermore, K. pneumoniae has
been reported to be the most common pathogenic bacteria
resistant to extended-spectrum p-lactam antibiotics (Naqid
et al. 2020).

Also, one of the mechanisms of antibiotic resistance in
this bacterium is the production of biofilm, and in fact, bio-
film is a population of bacteria that are trapped in an extra-
cellular matrix (Jensen et al. 2020). This matrix consists of
proteins, exopolysaccharides, DNA, and lipopeptides. By
forming a biofilm, K. pneumoniae isolates can stay away
from the immune system and antibiotics and lead to anti-
biotic resistance. In addition, the pathogenicity of K. pneu-
moniae is due to various pathogenic factors that enable
the bacteria to overcome the host's innate immunity and
cause infection in the host. K. pneumoniae virulence factors
include lipopolysaccharides (htrA), capsule, biofilm forma-
tion ability (mrKD), excessive mucosal viscosity (magA,
rmpA), iron absorption systems (kfi, entB, ybtS, iucC, iutA),
serum resistance (traT), efflux pumps (acrAB, 10lC, mdtK),
and adhesins (fimH) (Dalir et al. 2021; Zhu et al. 2021).

Despite the high prevalence of infections caused by K.
pneumoniae in Iraq, a comprehensive study in which the
characteristics of this bacterium in terms of drug resistance,
beta-lactamase enzyme production, biofilm formation, and
coding of virulence genes has not been investigated. This
study aimed to investigate the factors involved in increasing
the resistance and pathogenesis of K. pneumoniae.
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Material and methods
Identification of bacteria

This study analyzed 130 K. pneumoniae isolated from
wound swab samples collected from Ibn Al Katteeb hospi-
tals, Al-Kindi Teaching Hospital, and private medical clinics
in Baghdad between February 2019 and April 2021. Among
the patients, 81 were women between 6 and 64 years old
(median, 53 years) and 49 were male patients between the
ages of 8 and 71 years (median, 49 years). The samples were
cultured on MacConkey agar medium. After 24—18 incuba-
tion at 37 °C, the grown K. pneumoniae isolates were con-
firmed by microbiological methods, including gram staining
and microscopic observation of bacilli, as well as biochemi-
cal tests (API-20E test strip) (bioMerieux, France). To defin-
itively confirm K. pneumoniae in the studied isolates, a PCR
test was performed to trace the 16S rRNA gene.

Antibiotic resistance profile

The pattern of antibiotic resistance in the isolates was done
using the disk diffusion method according to CLSI (2020)
criteria. The isolates were cultured in Brain Heart Infusion
(BHI) medium and incubated at 37 °C for 18-24 h. After
the growth of bacteria and creating turbidity equal to a 0.5
McFarland standard, they were cultured on Mueller Hinton
agar culture medium using sterile swabs. Antibiotic-resistant
test was performed in the presence of amikacin (AK: 30 pg),
amoxicillin/clavulanic acid (AMC: 20/10 pg), ampicilin
(AM: 25 pg), aztreonam (ATM: 30 pg), cefepime (CPM:
30 pg), cefoxitin (FOX: 30 ug), ceftazidime (CAZ: 30 pg),
ceftriaxone (CRO: 30 pg), ciprofloxacin (CIP: 5 pg), ertap-
enem (ETP: 10 pg), fosfomycin (FOS: 200 pg), gentamicin
(GEN: 10 pg), imipenem (IPM: 10 pg), meropenem (MEM:
10 pg), nitrofurantoin (NIT: 300 pg), norfloxacin (NOR:
10 pg), piperacillin (PI: 100 pg), piperacillin/tazobactam
(P/T 100/10 pg), and trimethoprim/sulfamethoxazole (STX:
1.25/23.75 pg) discs made by Bioanalyse, Turkey. Isolates
that were resistant to at least three classes of antibiotics were
recorded as MDR isolates. Escherichia coli ATCC 25922
strains were used as negative control and K. pneumoniae
ATCC 700603 as positive control.

B-Lactamase characterization

To confirm the production of broad-spectrum beta-lacta-
mases, a combined disc method was performed based on
the inhibitory property of clavulanic acid on beta-lactamases
and using ceftazidime, ceftazidime-clavulanic acid, cefo-
taxime, and cefotaxime-clavulanic acid discs (Bioanalyse,
Turkey). For this purpose, a bacterial suspension adjusted
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to a turbidity equal to a 0.5 McFarland standard was spread
on Mueller—Hinton agar and disks containing cephalosporin
were placed against disks containing cephalosporin-clavu-
lanic acid. ESBL production was evaluated by comparing
the diameter of the growth zone around the disc with-
out clavulanic acid with the disc with clavulanic acid. In
ESBL-positive isolates, the diameter of the non-growth zone
around the disk with clavulanic acid is at least 5 mm larger
than the disk without clavulanic acid.

Genotypic diagnosis of virulence factors

DNA extraction of K. pneumoniae isolates was performed
using a DNA extraction kit manufactured by Fermentas-
Germany according to the manufacturer’s instructions. The
quality and quantity of extracted DNA were checked by
electrophoresis on agarose and using a Nanodrop device.
After extracting the DNA of each sample, they were kept
at minus 20 °C until PCR was done. The primers were
divided into groups (A, B, C, D, E) based on their suitable

annealing temperature. Since the annealing temperature of
some primers was similar, the Multiplex-PCR method was
used to detect virulence genes. The sequence of primers used
in this study and the annealing temperature of each primer
are shown in Table 1.

Measurement of biofilm production

The microtiter plate method and staining with 0.1% crystal
violet were used to measure biofilm formation. First, each
strain was cultured in tubes containing 5 ml of TSB medium
and incubated for 24 h at 37 °C. In the next step, to equalize
the turbidity of the microbial suspensions, dilution was done
in a fresh TSB medium (preparation of a suspension with a
turbidity equal to a 0.5 McFarland standard). Then, 150 pl
of microbial suspension was poured into each of the wells
of 96-well microplates and placed in an incubator at 37 °C
for 24 h. Then, the supernatant solution was removed and
the wells were gently washed 3 times with 200 pl of physi-
ological saline. The microplate was placed upside down at

Table 1 The sequence and annealing temperature of the primers of the virulence genes used

Group Virulence gene Primer sequence (5’ to 3) Annealing Product size (bp) References
temp. (°C)
A kfu F: GGCCTTTGTCCAGAGCTACG 61 638 (Albasha et al. 2020)
R: GGGTCTGGCGCAGAGTATGC
SimH F: GCCAACGTCTACGTTAACCTG 61 180 (Mirzaie and Ranjbar 2021)
R: ATATTTCACGGTGCCTGAAAA
mrKD F: CCACCAACTATTCCCTCGAA 61 226 (Mirzaie and Ranjbar 2021)
R: ATGGAACCCACATCGACATT
B entB F: CTGCTGGGAAAAGCGATTGTC 61 385 (Mirzaie and Ranjbar 2021)
R: AAGGCGACTCAGGAGTGGCTT
magA F: GGTGCTCTTTACATCATTGC 59 1282 (Mirzaie and Ranjbar 2021)
R: GCAATGGCCATTTGCGTTAG
rmpA F: ACTGGGCTACCTCTGCTTCA 59 516 (Mirzaie and Ranjbar 2021)
R: CTTGCATGAGCCATCTTTCA
iutA F: GGGAAAGGCTTCTCTGCCAT 59 920 (Anis et al. 2021)
R: TTATTCGCCACCACGCTCTT
C acrAB F: ATCAGCGGCCGGATTGGTAAA 60 312 (Mirzaie and Ranjbar 2021)
R: CGGGTTCGGGAAAATAGCGCG
tolC F: ATCAGCAACCCCGATCTGCGT 60 527 (Mirzaie and Ranjbar 2021)
R: CCGGTGACTTGACGCAGTCCT
iucC F: GTGCTGTCGATGAGCGATGC 60 944 (Caneiras et al. 2019)
R: GTGAGCCAGGTTTCAGCGTC
D traT F: GGTGTGGTGCGATGAGCACAG 56 288 (Mirzaie and Ranjbar 2021)
R: CACGGTTCAGCCATCCCTGAG
mdtK F: GCGCTTAACTTCAGCTCA R: GAT 56 453 (Elmanakhly et al. 2022)
GATAAATCCACACCAGA
ybtS F: GACGGAAACAGCACGGTAAA 56 242 (Mirzaie and Ranjbar 2021)
R: GAGCATAATAAGGCGAAAGA
htrA F: CGTTCTGCCAGGATGGTTCT 56 1071 (Mirzaie and Ranjbar 2021)
R: CCCCAATGATGACATCGCCT
E 16 S tRNA F: ATTTGAAGAGGTTGCAAACGAT 57 130 (Albasha et al. 2020)

R:TTCACTCTGAATTTTCTTGTGTTC
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a temperature of 65° to dry. To fix the biofilm better, 96%
ethanol was used in the amount of 100 pl. After 15 min, the
alcohol was removed and the microplate was air-dried. One
hundred microliters of 1.5% crystal violet dye were added
to all the wells, and after 20 min, the plate was washed with
water to remove the excess dye from the wells. One hundred
fifty microliters of 33% acetic acid were added to the wells
to release the dyes bound to the biofilm to the surface of the
microplate. To measure the amount of biofilm production,
the absorbance of the wells was measured at a wavelength
of 550 nm using an ELISA reader. If optical density (OD)
is less than 0.1, it indicates weak biofilm formation, if OD
is between 0.1 and 1, it indicates moderate biofilm forma-
tion, and if OD is greater than 1, it indicates strong biofilm
formation. Pseudomonas aeruginosa PAOI1 strain was used
as a positive control for biofilm assay.

Statistical analysis

SPSS24 statistical analysis program (chi-square test) was
used to analyze the percentage of presence of different fac-
tors examined among the isolates, and a p-value < 0.5 was
considered significant.

Results
Study population

In this study, 760 wound swabs were collected and cultured,
and 130 isolates of K. pneumoniae were detected. Of all
isolates, 81 (62.3%) were related to women and 49 (37.6%)
were to men. A significant relationship (p-value <0.05) was
observed between the distribution of K. pneumoniae iso-
lates and the gender of the patient. In this study, we divided
the examined patients into two groups: greater than/equal
or less than 30 years. Of all isolates, 68 (52.3%) were
related to <30 years age group and 62 (47.6%) were related
to>30 years age group. There was a significant relationship
(p-value < 0.05) between the distribution of K. pneumoniae
isolates and the patient’s age.

Biofilm

All the investigated isolates in this study could form biofilm.
The ability of the isolates to biofilm formation was strong
at 104 (80%) isolates, moderate at 16 (12.3%) isolates, and
weak at 10 (7.6%) isolates, respectively. The relationship
between the ability to form biofilm and the gender of the
patient showed that the ability to strong biofilm formation
was higher in women 70 (67.3%) than in men 34 (32.6%).
This ability in moderate biofilm formation isolates was
equal to 8 (50%). The ability of isolates to weaken biofilm
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formation was higher in males 7 (70%) than in females 3
(30%).

Virulence genes

Based on the PCR results, fimH, mrKD, entB, and r0lC
genes were observed in all 130 (100%) isolates. magA
and iutA genes were the least prevalent among the iso-
lates. The prevalence of the remaining virulence genes
was respectively, mdtK 122 (93.8%), ybtS 109 (83.8%),
traT 93 (71.5%), acrAB 86 (66.1%), htrA 82 (63%), kfu
81 (62.3%), rmpA 70 (53.8%), iutA 43 (33%), and magA
22 (16.9%).

Antibiotic resistance profile and its relationship
with biofilm formation and virulence genes

The results of the Kirby-Bayer antibiotic resistance showed
that imipenem, meropenem, and fosfomycin were the
most effective against the isolates, while piperacillin and
ampicillin showed the least effectiveness. The relation-
ship between antibiotic resistance and biofilm formation
showed that among the 19 antibiotics examined, the iso-
lates that had resistance to aztreonam, ceftriaxone, fosfo-
mycin, piperacillin, imipenem, nitrofurantoin, ertapenem,
trimethoprim/sulfamethoxazole, and amoxicillin/clavulanic
acid antibiotics had a high ability of >80% in strong bio-
film formation. The moderate and weak ability of biofilm
formation in isolates resistant to aztreonam, meropenem,
nitrofurantoin, and ertapenem antibiotics was equal. The
ability to form moderate biofilm was not observed in imi-
penem-resistant isolates. Figure 1A shows the relationship
between antibiotic resistance profile and biofilm formation
ability.

The distribution of virulence genes among antibiotic-
resistant isolates showed that fimH, mrKD, entB, and tolC
virulence genes were present in all antibiotic-resistant
isolates. The virulence gene mdtK had a high presence
among antibiotic-resistant isolates and was observed in all
isolates resistant to fosfomycin, imipenem, and amoxicil-
lin/clavulanic acid. ybzS virulence gene was present in all
isolates resistant to fosfomycin and imipenem (Table 2).

Relationship between virulence genes and biofilm
formation

Among the examined virulence genes, the isolates contain-
ing all genes (except traT and AtrA) had the ability of 80%
to form strong biofilm. Isolates containing the magA gene
were not able to form moderate biofilm. Isolates containing
kfu and acrAB genes were not able to form weak biofilm.
Figure 1B shows the relationship between virulence genes
and biofilm formation ability.
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MDR isolates and its relationship with biofilm
formation and virulence genes

Investigation of antibiotic sensitivity showed that 111
(85.3%) isolates were MDR. Most MDR isolates were resist-
ant to fosfomycin, meropenem, and ceftriaxone. Figure 2A
shows the relationship between MDR isolates and antibiotic
resistance profile. MDR in isolates that showed resistance
to nitrofurantoin, piperacillin/tazobactam, norfloxacin, cef-
triaxone, amikacin, meropenem, ciprofloxacin, fosfomycin,
amoxicillin/clavulanic acid, trimethoprim/sulfamethoxazole,
and ertapenem were more in patients over 30 years old. The
relationship between multidrug resistance isolates and the
gender of the patient showed that the average antibiotic
resistance in female patients (52.8%) was higher compared
to male patients (51%) (Table 3). The ability to biofilm for-
mation among MDR isolates was weak and moderate biofilm
(100%) and strong biofilm (81.7%), respectively (Data not
shown). More than 76% of all isolates encoding virulence
genes (except magA and iutA) had MDR. Figure 2B shows
the relationship between MDR isolates and virulence genes.

ESBL isolates and their relationship with antibiotic
resistance, biofilm, and virulence genes

The results of broad-spectrum beta-lactamase enzyme iden-
tification showed that 114 (87.6%) of the examined isolates
were producing this enzyme. Most ESBL-positive isolates
were resistant to meropenem, nitrofurantoin, and cefoxitin.
Figure 3A shows the relationship between ESBL-positive iso-
lates and antibiotic resistance profile. The ability to form bio-
film among ESBL-positive isolates was weak biofilm (100%),
moderate biofilm (93.7%), and strong biofilm (86.5%). At
least 82% of the isolates encoding virulence genes (except
for iutA 76%) were ESBL-positive. Figure 3B shows the rela-
tionship between ESBL-positive isolates and virulence genes.

Discussion
The emergence of antibiotic resistance organisms has

recently been recognized as a major global concern, and
infections caused by MDR or ESBL-producing organisms

@ Springer
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Table 3 Distribution of multidrug resistance isolates among different age groups and gender of patients. Only statistically significant values

(p<0.05) are shown

Antimicrobials MDR Age groups (%) p-value  Gender (%) p-value
<30YO >30YO Female (n=81) Male (n=49)

Amikacin 46 (35.3%) 40 (86.9) 9(22.5) 31 (77.5) 28 (70) 12 (30)

Aztreonam 92 (70.7%) 81 (88) 46 (56.7) 35(43.2) 54 (66.6) 27 (33.3)

Cefepime 110 (84.6%) 97 (88.1) 56 (57.7) 41 (42.2) 61 (62.8) 36 (37.1) 0.033

Ceftazidime 97 (74.6%) 86 (88.6) 62 (72) 24 (27.9) 0.011 51 (59.3) 35 (40.6)

Ceftriaxone 101 (77.6%) 93 (92) 38 (40.8) 55(59.1) 61 (65.5) 32 (344)

Cefoxitin 89 (68.4%) 80 (89.8) 46 (57.5) 34 (42.5) 48 (60) 32 (40)

Piperacillin 130 (100%) 111 (85.3) 62(55.8) 49(44.1) 0.042 67 (60.3) 44 (39.6)

Meropenem 16 (12.3%) 15 (93.7) 7 (46.6) 8 (53.3) 10 (66.6) 5(33.3)

Ciprofloxacin 89 (68.4%) 78 (87.6) 33 (42.3) 45(57.6) 53 (67.9) 25 (32) 0.041

Fosfomycin 12 (9.2%) 11 (91.6) 4(36.3) 7 (63.6) 8 (72.7) 3(27.2)

Gentamicin 107 (82.3%) 91 (85) 47 (51.4) 44 (48.3) 59 (64.8) 32 (35.1) 0.027

Imipenem 8 (6.1%) 7(87.5) 4(57.1) 3(42.8) 5(71.4) 2 (28.5)

Norfloxacin 40 (40%) 34 (85) 14 (41.4) 20(58.8) 22 (64.7) 12 (35.2)

Piperacillin/Tazobactam 98 (75.3%) 85 (86.7) 40 (47) 45 (52.9) 51 (60) 34 (40)

Ampicillin 128 (98.4%) 99 (77.3) 50 (50.5) 49 (49.4) 54 (54.5) 45 (45.4)

Nitrofurantoin 73 (56.1%) 63 (86.3) 28 (44.4) 35(55.5) 40 (63.4) 23 (36.5)

Ertapenem 40 (30.7%) 34 (85) 15(44.1) 19 (55.8) 23 (67.6) 11 (32.3)

Trimethoprim/Sulfamethoxazole 98 (75.3%) 85 (86.7) 36 (42.3) 49 (57.6) 54 (63.5) 31 (36.4) 0.039

Amoxicillin/Clavulanic acid) 114 (87.6%) 101 (88.5) 40(39.6) 61(60.3) 0.021 66 (65.3) 35 (34.6) 0.03
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Fig.3 Relationship between

A antibiotic resistance and B
virulence factors with ESBL-
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in particular are considered a major threat to clinicians and
patients (Allami et al.2022; Sokhn et al. 2020). In this study,
130 isolates of K. pneumonia were collected from wound
swabs. The prevalence and correlation between antibiotic
resistance, biofilm formation, and virulence genes were
investigated. Regarding gender, the findings of the current
research indicated that the prevalence of the K. pneumoniae
isolates was higher in female patients (62.3%) compared to
males (37.6%). Similar results have been reported in differ-
ent countries, such as Iraq (Naqid et al. 2020) and Lebanon
(Sokhn et al. 2020).

In this study, imipenem, meropenem, and fosfomycin
were most effective against the isolates, while piperacillin
and ampicillin showed the least effectiveness. Other studies
have reported similar results in Iran (Peerayeh et al. 2014;
Rastegar et al. 2019), Pakistan (Fatima et al. 2021), and Por-
tugal (Caneiras et al. 2019). One of the reasons that causes
100% ampicillin resistance in K. pneumonia isolates in
developing countries is due to the low cost and easy admin-
istration of this antibiotic (Fatima et al. 2021; Nagqid et al.
2020; Susethira and Uma 2016). In this study, the preva-
lence of K. pneumoniae with MDR was 111 (85.3%) iso-
lates. Similar results were reported in other studies, Egypt
(82.5%) (El-Domany et al. 2021), Iran (92%) (Mirzaie and
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Ranjbar 2021), Nepal (91%) (Manandhar et al. 2020) and
less Spain (40%) (Ballén et al. 2021). Most of the MDR iso-
lates in this study were resistant to fosfomycin, meropenem,
and ceftriaxone. In the study of Mirzaie et al., most of the
MDR isolates were resistant to imipenem, meropenem, and
beta-lactam antibiotics (Mirzaie and Ranjbar 2021). In other
studies, most MDR strains were resistant to trimethoprim/
sulfamethoxazole and ciprofloxacin (Shadkam et al. 2021).
In this study, multidrug resistance isolates was observed in
women (52.8%) more than men (51%). Gender inequalities
can influence the level of access to various health facilities.
Where patriarchal values are prominent, boys and men are
often prioritized for treatment over female family members.
In 2018, the WHO published a working paper that promotes
an enhanced focus of gender and equity in relation to anti-
microbial resistance. The guidance document describes how
better understanding risk factors and drivers, as well as who
might “fall through the net” is essential in reducing anti-
microbial resistance (Jones et al. 2022). The prevalence of
ESBL-positive isolates in our study was 114 (87.6%). This
rate of ESBL production in our isolates is similar to that
observed in Kurdistan/Iran (88%) (Shakib et al. 2018), but
higher than that reported in other reports from Nepal (60%)
(Manandhar et al. 2020), Egypt (40%) (El-Domany et al.
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2021), Pakistan (33%) (Fatima et al. 2021), Lebanon (27%)
(Sokhn et al. 2020), and Spain (43%) (Ballén et al. 2021).
Since the first description of ESBL enzymes in the literature
in 1983, they have become increasingly common worldwide
(Peerayeh et al. 2014). In our study, most ESBL-positive
isolates were resistant to meropenem, nitrofurantoin, and
cefoxitin. In the study of El-Domany et al., all ESBL-pro-
ducing isolates (100%) were resistant to cefotaxime, cef-
tazidime, ceftriaxone, and cefoperazone (El-Domany et al.
2021). Of course, it should be noted that in this study, resist-
ance among ESBL isolates to ceftriaxone and ceftazidime
was 91% and 92%, respectively. In Peerayeh et al.’s study,
ESBL-positive isolates were most resistant to ceftazidime
and aztreonam (Peerayeh et al. 2014). This is of great con-
cern because some antibiotic resistance genes are carried
by mobile genetic elements that facilitate horizontal genetic
exchange and the spread of antimicrobial resistance genes
within and between species. On the other hand, MDR is
associated with increased healthcare costs, longer hospital
stays, and high mortality rates. In addition, today there are
few alternatives to effective treatments (Ballén et al. 2021).

Biofilm is one of the most important factors that cause
bacteria to become partially or completely resistant to a wide
range of antibiotics. This provides the basis for extensive and
MDR and creates conditions for the organism to increase
its ability to survive in the environment. The results of the
present study showed that all isolates (100%) could form
biofilm. This result is consistent with Ali et al.’s study in Iraq
(Ali and Hussein 2022). In other studies, isolates unable to
form biofilm have been reported (Mirzaie and Ranjbar 2021;
Shadkam et al. 2021; El-Domany et al. 2021). Comparing
the results of our study with other studies showed that our
isolates had a high ability to form biofilm. The ability to
form biofilm in our study was 80% strong, 12.3% moderate,
and 7.6% weak, respectively. The results of biofilm forma-
tion in Mirzaie et al.'s study were 71% strong biofilm, 20%
moderate biofilm, and 14% weak biofilm (Mirzaie and Ran-
jbar 2021). The isolates that had the characteristic of strong
biofilm formation showed higher resistance to antibiotics
compared to other isolates. K. pneumoniae has many patho-
genic factors such as capsular polysaccharide, adhesion, and
siderophores, which play a role in the pathogenicity of these
bacteria. The presence of virulence factors in K. pneumo-
niae is important because it is the most important cause of
death in patients before the start of antibiotic treatment (EI-
Domany et al. 2021). The distribution of virulence genes
among isolates showed that fimH (type 1 fimbriae gene),
mrKD (type 3 fimbriae adhesion gene), enfB (enterobactin
synthase component B), and #0lC (efflux pump) genes were
present in all isolates. magA and iutA genes were the least
prevalent among the isolates. In the study of Shakib et al.
in Kurdistan-Iran, entB (81%) and mrkD (65%) were the
most prevalent (Shakib et al. 2018). In the study of Ballén

et al. in Spain, all the isolates carried the entB gene and the
fimH and mrkD genes were present in most of the isolates
(98%) (Ballén et al. 2021). In the study of Fatima et al. in
Pakistan, fimH and enfB genes were reported in all the exam-
ined isolates (Fatima et al. 2021). Type 1 fmbriae (fimH-1)
and Type 3 fmbrial adhesion (mrkD) are the most common
adhesive factors of bacterial cells that cause K. pneumoniae
to adhere to the epithelial and endothelial cells of the uri-
nary tract and cause urinary infection. Studies have shown
that fimbrial adhesion type 3 plays an important role in bio-
film formation in K. pneumoniae, but its exact mechanism
has not yet been identified (Ballén et al. 2021; Khalil et al.
2019). Enterobactin synthase component B production helps
the pathogens in biofilm formation and infection develop-
ment. Studies revealed that enterobactin biosynthesis is an
iron-uptake protein produced by Klebsiella because of the
presence of entB gene in its genome (Fatima et al. 2021).
The most effective drug efflux pump E. coli’s AcrAB works
with TolC to extrude a wide variety of antimicrobial com-
pounds from the cell, including antibiotics, detergents, dyes,
and organic solvents (Ali and Hussein 2022). The results of
the present study showed that a significant number of com-
mon antibiotics that are used in hospitals are not effective in
treating a high percentage of infections caused by K. pneu-
moniae, and their use in treatment, in addition to increasing
treatment costs, causes there is more resistance. As a result,
the treatment regimen prescribed by doctors must be based
on the results of the antibiogram of the clinical microbi-
ology laboratory. This study showed that in Baghdad, the
antibiotics imipenem, miropenim and fosfomycin can still
be used as effective drugs to treat K. pneumoniae infections
if necessary. According to the results shown in this research
and other previous studies in this field, it can be concluded
that antibiotic resistance is increasing in this bacterium. One
of the reasons for this increasing resistance can be the for-
mation of biofilm. The formation of biofilm in the isolates
makes the antibiotic unavailable to the bacteria. As a result,
the increase in antibiotic resistance makes the treatment of
infection longer and more difficult, and in addition imposes
a high economic cost on the patient and the society. It also
seems that the increase in biofilm production is related to
the emergence of resistance to several drugs, which shows
the importance of investigating the presence of biofilm in
resistant isolates.

Conclusions

In our study, we reported the high prevalence of MDR K.
pneumoniae strains with resistance to multiple antimicro-
bial agents, the ability to form biofilm, and the presence
of virulence-associated genes which can be considered a
major challenge for the treatment of K. pneumoniae-related

@ Springer



Journal of Applied Genetics

infections and further spread of resistance genes to other
regions. However, further studies are needed to show other
epidemiological aspects of the K. pneumoniae strains in dif-
ferent regions in our country.
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