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ABSTRACT

Background and Objectives: Klebsiella pneumoniae is an opportunistic pathogen responsible for causing nosocomial and
community-acquired infections. lts pathogenicity is associated with a variety of virulence factors and antibiotic resistance.
The aim of the present study was to compare virulence attributes between ESBL and non-ESBL producing isolates.
Materials and Methods: A total of 113 K. pneumoniae including 56 ESBL and 57 non ESBL-producers were collected in
Bushehr province, Iran, from November 2017 to February 2019. Enzymatic profile, hypermucoviscosity and biofilm forma-
tion were investigated phenotypically. In addition, the presence of rmpA, aerobactin, kfu, allS, mrkD, ybtS, entB, iutA, fimH,
wabG, wcaG, K1 and K2 genes were detected by PCR and sequencing.

Results: There was no statistically significant difference in enzymatic profile between ESBL and non-ESBL producers. The
prevalence of the hypermocoviscosity was lower among ESBL compared to non-ESBL producers but the intensity of biofilm
was higher in the ESBL producers. Among the virulence genes, K1, rmpA, iutA, and aero were observed only in non-ESBLSs.
Moreover, the carriage of allS, K, K2, rmpA, iutA and aero genes was higher in hypermucoviscous in comparison with non
hypermucoviscous isolates.

Conclusion: The identification of potentially pathogenic isolates plays an important role in preventing their spread as well
as the success of their treatment.
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INTRODUCTION

Klebsiella pneumoniae is one of the most import-
ant pathogens responsible for many community-ac-
quired and healthcare-associated infections includ-
ing pneumonia, urinary tract infection, abdominal

infection, surgical wounds, liver abscesses and bac-
teremia (1). The presence of medical devices such as
respiratory support equipment and various types of
catheters greatly increases the risk of K. pneumo-
niae infections (2). K. pneumoniae pathogenicity is
caused due to various virulence factors overcoming
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the patient’s innate immune system, hence,
rendering the infection persistent. These factors
include capsule, lipopolysaccharide, adhesins,
siderophores and  bio- film formation (3). The
clinical manifestations and severity of the disease
caused by K. pneumoniae are related to the number
of expressed virulence factors (4). Along with the
capsular polysaccharide which protects these
organisms against the bactericidal ef- fect of serum
killing by professional phagocytes, the fimH-1 and
mrkD genes, encoding type 1 and type 3 fimbrial
adhesins play an important role via biofilm
formation in the establishment of infection. Sever-
al other virulence-associated genes including those
encoding regulators of mucoid phenotype A (rmpA),
mucoviscosity-associated gene A (magA) located
within an operon specific to serotype K1 capsule
gene clusters, enterobactin biosynthesis gene (entB),
yersiniabactin biosynthesis gene (ybtS), iron sidero-
phores aerobactin gene (aero), an iron uptake gene
(kfu), allantoin metabolism associated gene (allS)
highly contributed to the pathogenicity and severity
level of K. pneumoniae infections.

In parallel, over the past decade the prevalence
of extended-spectrum B-lactamase (ESBL)-produc-
ing K. pneumoniae has been drastically increasing
and thus causing a worldwide public health concern.
Compared to planktonic bacteria, biofilm-forming
bacteria have certain advantages (9) including pro-
tection against the host's immune system and antimi-
crobial agents (2, 10). Additionally, in the biofilm en-
vironment the transfer of genetic material, especially
by conjugative transfer, occurs easily due to the prox-
imity of the bacteria. This, along with increasing the
survival of the bacteria in the biofilm, might be an
important factor in the widespread distribution of
multi-resistant plasmids harboring ESBLs genes (9).

The simultaneous study of virulence and antimi-
crobial resistance, especially to third-generation
cephalosporins, which are widely used in the treat-
ment of K. pneumoniae infections (11), might provide
better understanding of the relationship between vir-
ulence and B-lactam resistance. In addition, patho-
genic microbes are able to cause damage to host
tissues and establishment of infection through the
secretion of various enzymes such as proteinases,
lecithinases, gelatinase, lipases, and hemolysin (12).
Therefore, the aims of the present study were to in-
vestigate the production of extracellular enzymes,
biofilm production and virulence genes and compare
virulence attributes between ESBL and non-ESBL
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producing K. pneumoniae isolates.

MATERIALS AND METHODS

Bacterial isolation and identification. This project
was approved by the Ethical Committee of Bushehr
University of Medical Sciences with reference hum-
ber IR.BPUMS.REC.1398.136. A total of 113 K. pneu-
moniae including 56 ESBL- and 57 non ESBL-pro-
ducers were collected from six hospitals located in
Bushehr province, in the south of Iran, during a peri-
od spanning from November 2017 to February 2019.
Bacterial isolates were identified using biochemical
tests and confirmed by PCR targeting malate dehy-
drogenase (mdh) the genus-specific housekeeping
gene (Fig. 1 and Table 1) (13-15). ESBL producing
K. pneumoniae isolates had already been detected by
combined disk test (CDT) in our previous study (13).

Phenotypic characterization of virulence fac-
tors. All ESBL and non-ESBL producing K. pneu-
moniae clinical isolates were examined for their pres-
ence of various virulence factors phenotypically. The
following virulence factors like hypermucoviscosity,
haemolysin production, protease activity, gelatinase
production, lipase production, lecithinase activity, and
biofilm formation were tested for all K. pneumoniae
isolates by standard methods as follows.

String test for hypermucoviscosity. The hyper-
viscosity phenotype of the K. pneumoniae isolates
was determined using a modified string test. Briefly,
a bacteriologic loop was used to stretch a mucovis-
cous string from a colony of K. pneumoniae grown
over night on a blood agar plate at 37°C. Formation
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Fig. 1. Agarose gel electrophoresis of mdh gene (364 bp) of
K. pneumoniae, lanes 1-12: K. pneumoniae clinical isolates
carrying mdh gene, C+: K. pneumoniae ATCC 700603, M:

100 bp DNA ladder.
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Table 1. Oligonucleotide primers used for virulence gene detection

Target gene Primer Sequence (5'-3") Annealing temp. (°C) Amplicon size (bp) Reference
mdh F: GCGTGGCGGTAGATCTAAGTCATA 55 364 (13)
R: TTCAGCTCCGCCACAAAGGTA

K1(magA) F: GGTGCTCTTTACATCATTGC 54 1283 (6, 10)
R:GCAATGGCCATTTGCGTTAG

K2 F:GACCCGATATTCATACTTGACAGAG 60 641 (10, 22)

R:CCTGAAGTAAAATCGTAAATAGATGGC

rmpA F:ACTGGGCTACCTCTGCTTCA 54 535 (23)
R:CTTGCATGAGCCATCTTTCA

alls F:CCGTTAGGCAATCCAGAC 52 1091 (23)

R: TCTGATTTAACCCACATT

kfu F:GAAGTGACGCTGTTTCTGGC 58 797 (23)
R:TTTCGTGTGGCCAGTGACTC

mrkD F:GGCGTTGGCGCTCAGATAGG 57 340 (10)

R:AAGCTATCGCTGTACTTCCGGCA
fimH F:GCGCTGGCCGATACCACCACGG 60 423 (23)
R:GCGTAGTAACGCGCCTGGAACGG

aero F:GCATAGGCGGATACGAACAT 55 556 (10)
R:CACAGGGCAATTGCTTACCT

ybtS F:GACGGAAACAGCACGGTAAA 54 242 (10)
R:GAGCATAATAAGGCGAAAGA

entB F:GTCAACTGGGCCTTTGAGCCGTC 62 400 (10)

R:TATGGGCGTAAACGCCGGTGAT

iutA F:GGGAAAGGCTTCTCTGCCAT 57 920 (10)
R:TTATTCGCCACCACGCTCTT

wcaG F:GGTTGGTTCAGCAATCGTA 53 168 (10)
R:ACTATTCCGCCAACTTTTGC

wabG F:ACCATCGGCCATTTGATAGA 55 683 (23)

R:CGGACTGGCAGATCCATATC

of viscous string > 5 mm in length was considered
as presence of hypermucoviscosity among the tested
isolates (16).

Hemolysin production. For the hemolytic activ-
ity assay, an overnight K. pneumoniae culture was
streaked on 5% Sheep blood agar following overnight
incubation at 37°C. The presence of hemolysis sur-
rounding the colonies was documented (17).

Protease activity. Protease activity assay was car-
ried out to detect K. pneumoniae proteases which are
able to degrade casein. From each K. pneumoniae
clinical isolate a single colony was picked up from the
primary TSA medium and ‘spot” inoculated on Nu-
trient agar containing 3% skimmed milk at 37°C for
72 hours. Protease production was identified by the
formation of a clear zone around the colonies (12, 17).

http://ijm.tums.ac.ir

Gelatinase activity. To detect K. pneumoniae
gelatinase that is able to degrade gelatin, a single
colony of fresh bacterial culture was spot-inoculated
on Nutrient agar plates containing 3% gelatin. In-
oculated plates were incubated at 37°C for 16 hours
followed by 4°C for 5 hours. Gelatinase producing
isolates were identified by demonstrating a zone of
turbid halo around the colonies (17, 18).

Lecithinase activity. This assay was carried out
to check for the production of lecithinase (phospholi-
pase C). K. pneumoniae isolates grown overnight on
TSA were inoculated onto Egg yolk agar at 37°C up
to 7 days. A white precipitate around or beneath an
inoculum spot indicated lecithinase formation (12).

Lipase activity. Trypticase soy agar plates supple-
mented with 1% Tween 80 were inoculated with each
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tested isolate. After a week of incubation at 37°C, li-
pase producing isolates form an opaque precipitation
zones surrounding or under the inocula (12, 19).

Quantitative biofilm formation assay. The micro-
titer-plate test is the most frequently used technique
for quantifying biofilm formation in which the bac-
terial film lining the microtiter-plate test is stained
with a cationic dye and the optical density (OD) of
the stained bacterial film is determined spectropho-
tometrically (20). Briefly, for each strain, three wells
of a 96-well flat-bottomed plastic tissue culture plate
(Wuxi Nest Biotechnology, China) were filled with
180 pl of LB supplemented with 1% glucose and 20
ul of the overnight culture adjusted to 0.5 McFarland.
As a negative control, sterile LB supplemented with
1% glucose without bacteria was used. The plate was
covered with a lid and incubated for 18 h at 37°C.
Then, the content of each well was removed, and the
wells were carefully washed three times with 200 pL
of sterile PBS. The plate was dried for 1 hour at 60°C
and stained for 15 min with 180 ul of 0.1% Hucker’s
crystal violet (Merck, Germany). The excess stain
was rinsed off by rinsing the plate under tap water,
and the plate was dried for 10 min at 60°C. The dye
bound to the adherent cells was solubilized with 180
ul of 33% (v/v) glacial acetic acid per well. The opti-
cal density (OD) of each well was measured at 570 nm
using a microplate photometer (Multi scan FC; Ther-
mo Scientific). Each assay was performed in triplicate
and repeated 3 times. The OD cut-off (ODc) was de-
fined as three standard deviations above the mean OD
of the negative control. All the strains were classified
on the basis of the adherence ability into the follow-
ing categories: non-biofilm producers (OD < ODc),
weak biofilm producers (ODc < OD < 2x0Dc), mod-
erate biofilm producers (2xODc < OD < 4x0Dc), and
strong biofilm producers (4xODc < OD) (2, 20, 21).

Detection of virulence-associated genes. Multiple
genes have been presumed associated with increased
virulence in K. pneumoniae strains, hence polymerase
chain reaction analysis was used to detect the follow-
ing virulence genes: fimberial adhesins (fimH-1 (type
1 fimbriae) and mrkD (type 3 fimbriae)), iron-acqui-
sition systems (entB (enterobactin biosynthesis), aero
(aerobactin), ybtS (yersiniabactin biosynthesis) and
kfu (responsible for an iron uptake system)), gene
codifying for capsule (K1 or magA (mucoviscosi-
ty-associated gene A), K2, wcaG), rmpA (regulator of
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mucoid phenotype A)), allS (associated with allantoin
metabolism), and wabG (involved in the biosynthesis
of the outer core lipopolysaccharide).

Total DNA was extracted using an extraction kit
(GeneAll, Korea) as recommended by the manufac-
turer. The 25 pl reaction mixture is composed of
12.5 pl PCR MasterMix (2x) (Ampligon, Odense,
Denmark), 1 pl of forward primer (10 pM), 1 pl of re-
verse primer (10 pM), 1 pl of bacterial DNA (50-100
ng), and 9.5 pl of nuclease-free water. The primers
and PCR conditions used to assess the prevalence of
virulence genes in K. pneumoniae isolates are listed
in Table 1. The PCR program consisted of an initial
denaturation step at 94°C for 5 min, 30 cycles of
DNA denaturation at 94°C for 30 s, primer annealing
at a specific annealing temperature (Table 1) for 30
s, and primer extension at 72°C for 40 s followed by
a final extension step at 72°C for 5 min. The ampli-
fied products were visualized by gel documentation
system (Upland, CA, USA) after electrophoresis on
1% agarose gel stained with safe dye (Yekta Tajhiz
Azma, Iran). To confirm the PCR results, amplicons
were purified and sequenced by the Bioneer Compa-
ny (Seoul, Korea). Sequences were analyzed using
BLAST online through the National Center for Bio-
technology Information database.

Statistical analysis. The x2 and Fisher's exact tests
were used wherever appropriate for statistical evalua-
tion to compare the different variables between ESBL
and non-ESBL producing K. pneumoniae isolates. A
P value of < 0.05 was considered to be statistically
significant. The statistical software used was SPSS
for MS Windows, version 24.0.1 (SPSS, Chicago, IL).

Nucleotide sequence accession number. The
sequences of virulence genes were submitted to
the GenBank database under accession numbers
ONO087544- ON087555 and ON067807.

RESULTS

Bacterial isolation and identification. One hundred
and thirteen clinical isolates of K. pneumoniae were
collected from six hospitals located in Bushehr prov-
ince, in the south of Iran, during a period spanning
from November 2017 to February 2019.

Among 113 isolates 56 were ESBL producers and
57 were non ESBL-producers (13). The majority of

http://ijm.tums.ac.ir
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isolates were cultured from urine (n=86, 76.1%) fol-
lowed by endotracheal tube (ETT) secretions (n=11,
9.7%), wound (n=5, 4.4%), blood (n=4, 3.5%), burn
(n=3, 2.7%), ascites (n=1, 0.9%), liver abscess (n=1,
0.9%), sputum (n=1, 0.9%), and shaldon catheter
(n=1, 0.9%).

Phenotypic characterization of virulence factors
of K. pneumoniae isolates. Among various pheno-
typic virulence factors tested, hemolysin production,
biofilm formation, protease activities, hypermoco-
viscosity and lipase production in 113 K. pneumoni-
ae clinical isolates were observed in 100%, 76.9%,
62.9%, 13.3% and 2.7% of isolates, respectively (Fig.
2). None of the tested isolates showed neither gelati-
nase nor lecithinase activity.

Protease activity was observed in 34% of ESBL-pro-
ducing isolates and 37% of non-ESBL-producers. For
lipase production only 2 (3.6%) ESBL and 1 (1.8%)
non-ESBL producing isolates were considered lipase
producers. There was no statistically significant differ-
ence of both groups in protease and lipase production.
The prevalence of hypermocoviscosity phenotype was
lower among ESBLs producing isolates where 7.1%
(n=4) of ESBLs exhibited hypermucoviscosity com-
pared to non-ESBLS (19.3%, n= 11) (P =0.057). The
phenotypic virulence features of 56 ESBLs and 57
non-ESBLs producing isolates are shown in Tables 2
and 3. The number of hypermucoviscous isolates was
higher among non-ESBL producers.

The ability to produce biofilm is another important
virulence factor in K. pneumoniae. The microtiter
plate assay was used to measure biofilm production in
all isolates. Biofilm intensity was categorized as weak,
moderate and strong and comparisons were made
among ESBL and non-ESBL producers. In this study,
77% (n = 87) of all K. pneumoniae isolates including

Table 2. Comparison of the phenotypic virulence factors be-
tween 56 ESBL and 57 non ESBL K. pneumoniae isolates.

Virulence factor ESBL, Non-ESBL, p-value
No. (%) No. (%)
Hypermocoviscosity 4 (7.1) 11 (19.3) 0.057
Hemolysin 56 (100) 57 (100) _
Protease 34 (60.7)  37(64.9) 0.64
Lipase 2(3.6) 1(1.8) 0.61
Gelatinase 0 0
Lecithinase 0 0

Table 3. Comparison of biofilm intensity between 56 ESBL
and 57 Non ESBL K. pneumoniae isolates.

ESBL, NonESBL, Total
No. (%) No. (%0)

Biofilm  Non 12 (21.4) 14 (24.6) 26 (23)
Weak 16 (28.6) 34(59.6) 50 (44.2)
Moderate 24 (42.9) 9(15.8) 33(29.2)
Strong 4(7.1) 0(0) 4 (3.5)
Total 56 (100) 57 (100) 113 (100)

78.6% (n=44) of ESBL and 75.4 % (n=43) of non-ES-
BL producers demonstrated biofilm-forming ability in
the in vitro assay and there was no statistically signif-
icant difference in biofilm formation between ESBL
and non-ESBL producers (P = 0.69).

Weak biofilm was observed in 59.6% of non-ESBL
producers and 28.6% of ESBL producers. Moderate
biofilm turned out to be higher in ESBL (42.9%) in
comparison to non-ESBLs (15.8%) and strong biofilm
production was only detected in 7.1% of ESBL pro-
ducers. In addition, 12 (21.4%) ESBL producers and
14 (24.6%) non-ESBL producers were non-biofilm

Fig. 2. Phenotypic detection of virulence factors of K. pneumoniae clinical isolates. A: Formation of viscous string > 5 mm
in length as a result of positive string test, B: Presence of haemolysis surrounding the colonies by hemolysin production, C:
formation of clear zone around the colonies as a result of protease activity and D: Opaque precipitation under the inocula by

lipase activity.
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producers. It is noteworthy that the intensity of biofilm
production (the total number of moderate and strong
biofilm producers) was higher in the ESBL producer
(28 isolates) compared to the non-ESBL producer (9
isolates) (Table 3).

Detection of virulence genes of K. pneumoniae iso-
lates. The virulence genes including rmpA (4.42%),
aero (5.30%), kfu (33.62%), allS (3.53%), mrkD
(100%), ybtS (38.93%), entB (99.11%), iutA (5.30%),
fimH (100), wabG (100%), wcaG (5.3%), K1, (1.76%),
and K2 (6.19%) were detected in our K. pneumoniae
isolates (Fig. 3).

Virulence genes mrkD, fimH and wabG were de-
tected in all ESBL and non-ESBL producing isolates
while iutA and aero were observed only in 10.5% of
non-ESBL-producing isolates and these two genes
were not detected in ESBL isolates with significant
differences (p<0.05). Of note, K1, and rmpA gene was
also detected only in non-ESBL producer (p=0.057,
this borderline P value could be due to the small sam-
ple size) (Table 4). There was no significant differ-
ence in the presence of other virulence genes between
ESBL and non ESBL K. pneumoniae isolates.

In addition, the carriage of allS, K1(magA), K2,
rmpA, iutA and aero virulence genes was higher in
hypermucoviscous compared to non hypermucovis-
cous isolates with significance of differences (p< 0.05)
(Table 5).

DISCUSSION

Klebsiella pneumoniae is a Gram-negative oppor-
tunistic pathogen capable of causing a spectrum nos-
ocomial and community-acquired infections (14). Its

1500bp 1500bp

500bp 500bp

Table 4. Comparison of virulence genes between 56 ESBL
and 57 Non ESBL K. pneumoniae isolates.

Virulence gene ESBL, NON-ESBL, p-value
No. (%) No. (%)
mrkD 56 (100) 57 (100) _
fimH 56 (100) 57 (100) _
alls 1(1.8) 4.(7) 0.36
entB 56 (100) 56 (98.2) 1.000
K1 0(0) 2(3.5) 0.49
rmpA 0(0) 5(8.8) 0.057
K2 4(7.1) 3(5.3) 0.71
kfu 19 (33.3) 19 (33.9) 0.94
wcaG 1(1.8) 5(8.8) 0.20
iutA 0(0) 6 (10.5) 0.027
aero 0(0) 6 (10.5) 0.027
ybtS 20 (35.7) 24 (42.1) 0.48
wahG 56 (100) 57 (100)

pathogenicity depends on a variety of virulence fac-
tors, including capsule, fimbriae, iron acquisition sys-
tems as well as biofilm formation, and the increas-
ing acquisition of antibiotic resistance such as ESBLS
encoding plasmids (24). To determine the virulence
potential of a pathogen, it is necessary to detect its
virulence factors.

In this study, the presence of various virulence
factors including haemolysin production, protease
activity, gelatinase production, lipase production,
lecithinase activity and hypermucoviscosity was
investigated via phenotypic methods. One of the
virulence factors among Gram-negative bacteria is
the production of hemolysin. Although Klebsiella is
known as a non-hemolytic bacterium (25) as stated
in studies conducted by Pereira et al. (26) and Barati
et al., none of their K. pneumoniae isolates showed

Fig. 3. Agarose gel electrophoresis of K. pneumoniae virulence genes. A. M: 100 bp DNA ladder.; lane 1: allS gene (1091bp);
lane 2: entB (400bp); lane 3: iutA (920bp); lane 4: ybtS (242bp); lane 5: kfu (797bp) and lane 6: aero (556bp). B. M: 100 bp
DNA ladder; lane 1: k1 (magA) gene (1283bp); lane 2: k2 (641bp); lane 3: wcaG (168bp); lane 4: wabG (683bp); lane 5: rmpA

(535bp); lane 6: fimH (425bp) and lane 7: mrkD (340bp).

44 IRAN. J. MICROBIOL. Volume 16 Number 1 (February 2024) 39-48
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Table 5. Comparison of virulence genes between hypermu-
coviscous (HM) and non hypermucoviscous (Non-HM) K.
pneumoniae isolates.

Virulence gene HM, Non-HM,  p-value
No. (%) No. (%)

mrkD 15 (100) 98 (100) _
fimH 15 (100) 98 (100) 3
alls 3(20) 2(2) 0.016
entB 14 (93.3) 98 (100) 0.13
K1 2(13.3) 0(0) 0.017
rmpA 5(33.3) 0(0) 0.0001
K2 5(33.3) 2(2) 0.0001
kfu 7 (46.7) 31(31.6) 0.25
wcaG 2 (13.3) 4 (4.1) 0.18
iutA 6 (40) 0(0) 0.0001
aero 6 (40) 0(0) 0.0001
ybtS 4(26.7) 40 (40.8) 0.29
wabG 15 (100) 98 (100) _

hemolytic activity (14). Hemolysin production was
observed in 100% of clinical isolates in our study
which is higher than the results reported by Gundo-
gan et al. (67%) (25).

Protease plays a significant role in host immune
evasion, invasiveness, and tissue damage (12). Of
note, 62.8% of our isolates exhibited protease activi-
ty. Lipase activity, however, was found only in 2.6%
of isolates. Similar to our study, Gharrah et al., have
confirmed that 8% of Klebsiella isolates exhibited li-
pase activity. In this study, none of the isolates were
able to produce either lecithinase or gelatinase. It is
notable that among the various phenotypic virulence
factors investigated in this study, there was no sig-
nificant difference between ESBL and non-ESBL
producers with the exception of hypermucoviscosity
phenotype.

Previous studies have reported that a negative asso-
ciation exists between hypermucoviscosity (HV) and
ESBL. Indeed, the hypermucoviscosity phenotype
was more frequently detected in non-ESBL produc-
ers. Furthermore, ESBL genes are hardly ever found
in hypermucoviscous K. pneumoniae isolates (27).

In a previous study by Yu et al. 8.8% of ESBL and
53.8% of non-ESBL producers were hypermucovis-
cous (28). Our results of the hypermucoviscosity re-
vealed that among 113 isolates, 15 isolates (13.3%)
showed hypermucoviscous phenotype, of which 5,
2, and 8 isolates belonged to K2, K1, and non K1/

http://ijm.tums.ac.ir

K2 capsular serotypes, respectively. The prevalence
of hypermucoviscosity in our isolates was consistent
with the studies conducted by Rastegar et al. in Ker-
man, Iran (29) and Taraghian et al. in Isfahan, Iran
(30).

In agreement with previous reports, the prevalence
of the hypermocoviscosity phenotype was lower
among our ESBLs producing isolates where 7.1%
of ESBL producers showed hypermucoviscosity in
comparison to non-ESBLs (19.3%) (P =0.057, this
borderline P value could be due to the small sample
size).

Biofilm formation has a great impact on K. pneu-
moniae pathogenicity. In addition, biofilm producers
are less exposed to antimicrobial agents when com-
pared with non-biofilm formers (9). In the current
study, 76.9% of K. pneumoniae were biofilm pro-
ducers which was similar to the other studies con-
ducted in Iran (5, 31). Although biofilm formation
was not significantly different between ESBLs and
non-ESBLs groups (P = 0.69), the intensity of biofilm
( moderate and strong) was clearly higher in ESBLS
group as 50% of ESBL producers developed strong
and moderate biofilm while only 15.8% of non-ES-
BL producers were able to form strong and moderate
biofilm. Similar findings were reported by Shadkam
et al. (31). Among all tested isolates only 3.5% were
strong biofilm producer, while unlike our study, the
percentage of strong biofilm producing isolates re-
ported by Shadkam et al. (Sari, Iran) was 25% (31).

Moreover, in the present study virulence genes in-
cluding plasmid-born rmpA, aerobactin, kfu, allS,
mrkD, ybtS, entB, iutA, fimH, wabG, wcaG genes,
K1 (magA) and K2 capsular serotype were detected
by PCR. All isolates including ESBL and non-ESBL
producing isolates harbored fimH, mrkD and wabG
genes, and entB gene was detected in 99.1% of iso-
lates. The high percentage of fimH, mrkD and, wabG
genes has been reported by other researchers (32-34).
It is noteworthy that iutA, aero, rmpA and K1 genes
were observed only in non-ESBL-producing isolates.
In addition, allS, K1(magA), rmpA, iutA and aero vir-
ulence genes were only detected in hypermucovis-
cous K. pneumoniae isolates and the carriage of K2
gene was higher in hypermucoviscous K. pneumoni-
ae compared to non hypermucoviscous isolates with
significance of differences (p< 0.05). These findings
were similar to the previous studies (7, 35-37).

It has been shown that isolates harboring K1/K2
capsular serotypes are more virulent (38). In the pres-
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ent study, 9 isolates exhibited K1/K2 capsular sero-
types, 78% of which were hypermucoviscous. Nota-
bly, in this study 81.8% of ETT, 80% of blood, and
75.5% of urine samples were biofilm producers while
there was only one sample of liver abscess, which
was neither hypermucoviscous nor able to form bio-
film but harbored mrkD, fimH, wabG, kfu and entB
virulence genes. We found that the most studied vir-
ulence genes were identified in 4 hypermucoviscous
isolates; Kp194 isolated from urine harbored 12 out
of 13 virulence genes, Kp50 harbored 11 virulence
genes and 9 virulence genes were detected in Kpl9
(ETT) and Kpl139 (urine). Of note, Kp194 and kp50
belonged to K1 capsular serotype and Kpl9 and
Kp139 belonged to K2 capsular serotype.

The high prevalence of ybtS and entB genes of iron
acquisition systems in the present study was consis-
tent with studies conducted by Soltani (Tabriz, Iran)
(39) and Bachman (40) (Pennsylvania, USA). Unlike
the prevalence of ybtS and entB genes, only 6 isolates
(5.30%) carried the aero gene. All these 6 isolates were
hypermucoviscous. Five out of 6 isolates belong to
K1/K2 serotypes and only one isolate belongs to non
K1/K2 capsular serotypes. In Yu et al.'s study, 90%
of isolates harbored aero gene, which was not consis-
tent with our study (7). This significant discrepancy
with our study might also be due to the source of their
samples, which were recovered from liver abscesses.

CONCLUSION

Among phenotypic virulence factors, biofilm in-
tensity was more common in ESBL producers while
the hypermucoviscosity phenotype was more fre-
quently detected in non-ESBL producing isolates.
Genotypic investigation of virulence genes revealed
that iutA, aero, rmpA and K1 genes were observed
only in non-ESBL-producing isolates. In addition,
alls, K1(magA), rmpA, iutA and aero virulence genes
were only detected in hypermucoviscous K. pneumo-
niae isolates and K2 gene was higher in hypermuco-
viscous compared to non hypermucoviscous isolates.
Moreover, beside the biofilm development potential
in ESBL-producing isolates, this report confirms
the presence of hypervirulent K. pneumoniae strains
among isolates of Bushehr province. Therefore, the
identification of potentially pathogenic isolates plays
an important role in preventing their spread as well
as the success of their treatment.
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