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ABSTRACT

Background and Objectives: To provide data on the occurrence of classical K. pneumoniae (cKp) and hypervirulent Klebsi-
ella pneumoniae (hvKp) strains harboring the gene encoding regulator of mucoid phenotype A (rmpA) and evaluated charac-
teristics of virulence biomarkers, carbapenemase, extended-spectrum-B-lactamase (ESBL)-producing, and capsule serotypes
among K. pneumoniae clinical isolates collected in the south of Iran.

Materials and Methods: A total of 400 K. pneumoniae isolates were collected. First, the K. pneumoniae isolates were
screened for rmpA gene by PCR, and then they were characterized for the presence of the virulence genes (pagO, iucA, iroB,
luxR), capsular serotype genes (K1, K2, K5, K20, K54, and K57), carbapenemase (bla,,, bla,,., bla,,, bla ., blag,,
bla,,, ,» and bla_ , ) and ESBL (bla_, . blag,, and bla ) genes. For all K. pneumoniae isolates phenotypic tests in-
clude of string test and disk diffusion test were performed.

Results: In total, 16 (4%) hvKp-rmpA+ and 384 (96%) cKp were observed. Of hvKp-rmpA+ strains, 16 (100%) were carried
pagO, iroB, and luxR genes, and 13 (81.3%) strains harbored iucA gene. The most prevalent capsular type genes were K1
(62%) and K2 (19%) in hvKp-rmpA+ strains. The incidence of bla_,, gene in hvKp and cKp was 94% (15/16) and 87.5%
(336/384), respectively. The cKp isolates carried bla,,, (30/384; 7.8%) gene.

Conclusion: Our data suggest that the incidence of hvKp was low. Also, hvKp-rmpA+ strains have less antibiotic resistance
than cKp isolates. Serotypes K1 and K2, and bla,,,, gene were strongly associated with hvKp-rmpA+.
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INTRODUCTION

Klebsiella pneumoniae is one of the most common
causes of infections, such as pneumonia, pyogenic
liver abscesses, soft tissue infection, urinary tract
infections, and bacteremia. There are mainly two
pathotypes of K. pneumoniae that include: classical
K. pneumoniae (cKp) and hypervirulent K. pneu-

moniae (hvKp). Most cKp infections occur in im-
munocompromised patients (1). The hvKp strains
cause severe infections in healthy and immunocom-
promised individuals such as liver abscesses, men-
ingitis, and endophthalmitis. These hvKp strains
frequently create infections at multiple sites and
subsequently spread as metastasis. The hypermu-
coviscosity in these strains is result of overproduc-
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tion of capsular polysaccharide and such strains can
cause serious community-acquired infections (2, 3).
Several virulence genes have been described related
to being pathogenicity of hvKp, including the regu-
lator of mucoid phenotype A gene (rmpA/A2), lipo-
polysaccharide (waal/E), iron acquisition systems
aerobactin (iucABCDiutA)/salmochelin (iroBCDN),
transcriptional regulator (LuxR), PhoPQ-activated
integral membrane protein (pagO), Fimbrial synthe-
sis (FImA/BI/C) (4). A study showed that iron acqui-
sition systems (iroBCDN, iucABCDiutA) along with
the presence of rmpA/A2, the enhancer of capsule
production, can significantly cause invasive infec-
tion (5).

Among K. pneumoniae strains, cKp known are
notorious for its resistance to common antimicrobial
agents. Previous studies reported that the majority of
hvKp were sensitive to commonly used antibiotics
(except for the inherent resistance to ampicillin), but
in the past few years increasing the incidence of mul-
tidrug-resistant hvKp, especially carbapenem-resis-
tant hvKp, extended-spectrum-p-lactamase (ESBL)
producing hvKp, and polymyxin resistant hvKp, is
emerging (6-8). The K. pneumoniae resistance to
B-lactams antibiotics is frequently caused by ESBLSs.
Infections caused by these bacteria are complicated
issues, due to resistance to other antibiotic classes
and limited choices of available antibiotics (9, 10).
Some K. pneumoniae carbapenem-resistant strains
became hyper-virulent via acquiring virulence plas-
mid and this combination represents a major chal-
lenge for treatment and control of infections (11). The
incidence of hvKp resistant strains due to the pres-
ence of some carbapenemase genes such as bla
and bla, , is a worrisome threat (12).

We investigated the frequency of hvKp-rmpA
harboring strains and evaluated various virulence
biomarkers, antibiotic resistance such as carbape-
nem-resistant, and ESBL-producing, and capsule
serotypes amongst K. pneumoniae clinical isolates
collected in a hospital in the south of Iran.

NDM

MATERIALS AND METHODS

Clinical bacterial isolation. Four hundred K.
pneumoniae isolates were obtained from culture-pos-
itive patients at the main tertiary teaching hospital of
Bandar Abbas, located in the south of Iran (Payam-
bare-Azam-therapeutic center) from 2018-2020.
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Clinical K. pneumoniae isolates were collected from
urine, trachea, wound, blood, sputum, discharge,
broncoalveolar lavage (BAL), eye, pleural fluid, bile,
and ascites samples of patients who were admitted to
the hospital. The samples were culture within 24 h on
MacConkey agar (Merck, Germany). Two presump-
tive K. pneumoniae colonies were picked from Mac-
Conkey agar plate and confirmed as K. pneumoniae
by standard biochemical tests (13). From each sample
one confirmed K. pneumoniae isolate was selected
and stored in nutrient broth (Merck, Germany) with
30% sterile glycerol at -70°C.

Ethics statement. Ethical approval was obtained
from the Hormozgan University of Medical Sciences
ethical committee, compliant with the Declaration of
Helsinki (approval no. IR.HUMS.REC.1397.012).

Antibiotic susceptibility testing. The antimicro-
bial susceptibility testing was carried out for all K.
pneumoniae isolates for 12 antibiotics using standard
disk diffusion test according to Clinical and Labora-
tory Standards Institute guidelines (CLSI) (14). The
antibiotic disks used in the study were imipenem (10
ug), meropenem (10 ug), piperacillin (30 ug), pip-
eracillin-tazobactam (100-10 ug), trimethoprim/sul-
famethoxazole (1.25/23.75 ug), ceftazidime (30 ug),
cefepime (30 ug), ampicillin-sulbactam (10-10 ug),
aztreonam (30 ug), ciprofloxacin (5 ug), gentamicin
(10 ug), and tetracycline (30 ug) (MAST Group Ltd,
Merseyside, UK). Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27853 were used as
quality controls strains for antimicrobial susceptibil-
ity testing.

String test. The presence of hypermucoviscosity
phenotype of all isolates was assessed using the string
test. Positive string test was defined as the formation
of a viscous capsular string >5 mm long (15).

DNA extraction and screening PCR for
hvKp-rmpA. Crude DNA of all confirmed K. pneu-
moniae isolates were extracted by boiling method.
The K. pneumoniae isolates were screened by a PCR
assay for detected of hvKp by rmpA gene as described
before (16) (Table 1).

PCR assay for pagO, iucA, iroB, luxR. The

hvKp-rmpA+ isolates were subjected to a sim-
plex-PCR assay detecting the major hvKp genes as
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described by Ye et al. (17) (Table 1).

PCR detection of capsular types associated
genes. For hvKp-rmpA+ isolates determined capsular
serotypes K1, K2, K5, K20, K54, and K57 by using a

Table 1. Primers used for identification of antibiotic resis-
tance, virulence biomarker and serotypes in this study.

Target gene Sequence (5' to 3") Ref

bla,,, GGAATAGAGTGGCTTAAYTCTC 21
GGTTTAAYAAAACAACCACC

bla,,, GATGGTGTTTGGTCGCATA
CGAATGCGCAGCACCAG

bla,, AAAATCTGGGTACGCAAACG
ACATTATCCGCTGGAACAGG

bla,,, CCGTATGAGTGATTGCGGCG 22
GCCCAATATTATGCACCCGG

bla,, . TATATTGCATTAAGCAAGGG 23

&bla,,, ., CACACAAATACGCGCTAACC

bla, . ATTTTCAGAGCCTTACTGCCC 24
TATCGTTGATGTCACTGTATCG

blag,,, AGCCGCTTGAGCAAATTAAAC 20
ATCCCGCAGATAAATCACCAC

bla g, CATTTCCGTGTCGCCCTTATTC
CGTTCATCCATAGTTGCCTGAC

bla_,, TTAGGAARTGTGCCGCTGYA
CGATATCGTTGGTGGTRCCAT

K1 GTAGGTATTGCAAGCCATGC 18
GCCCAGGTTAATGAATCCGT

K2 GACCCGATATTCATACTTGACAGAG 19
CCTGAAGTAAAATCGTAAATAGATGGC

K5 TGGTAGTGATGCTCGCGA
CCTGAACCCACCCCAATC

K20 CGGTGCTACAGTGCATCATT 18
GTTATACGATGCTCAGTCGC

K54 CATTAGCTCAGTGGTTGGCT
GCTTGACAAACACCATAGCAG

K57 CTCAGGGCTAGAAGTGTCAT
CACTAACCCAGAAAGTCGAG

rmpA ACTGGGCTACCTCTGCTTCA 16
CTTGCATGAGCCATCTTTCA

iucA CCAACTCCGTCCGTACCCTGTCA 17
CGAGGGATCGACGATGGTGTTCT

iroB AGAGGCTGGATTGGTGGCGTTTG
CGATCTGTGGAATACCGGCGTGTAG

pagO TGCTCTTGAAACTATCCCTCC
GGCAATAACTCCCGTCCA

LuxR CTTTGCCGGCATGGAACATA

TGAGCCAAATGTATGCCAAGGA

http://ijm.tums.ac.ir

simplex-PCR, as study previously (18, 19) (Table 1).

ESBL identification genes. The presence of genes
associated with ESBLs such as bla_,, ,, bla,,, and
bla.,, for all isolates was surveyed by different PCR

assays as described previously (20) (Table 1).

Detection of carbapenemase genes. The all of iso-
lates were examined to determine the presence of se-
lected carbapenemase genes including bla,, , bla
bla,,,, bla,.., bla.,, bla and bla

vive Diper Plaspyp by sim-
plex-PCR method (21-24) (Table 1).

OXA-48 OXA-

181

RESULTS

Samples and K. pneumoniae isolates. In this study,
a total of 400 K. pneumoniae isolates were recovered
from clinical samples including urine (49.3%; n =
197), trachea (16.3%; n = 65), wound (13.3%; n = 53),
sputum (7%; n = 28), blood (6.5%; n = 26), discharge
(2.5%; n = 10), BAL (2.3%; n = 9), eye (1%; n = 4),
pleural fluid (0.5%; n = 2), catheter (0.5%; n = 2), bile
(0.5%; n = 2), and ascites (0.25%; n = 1).

Antibiotic susceptibility patterns. The disk dif-
fusion results showed that 283 (70.8%) of the all K.
pneumoniae isolates were resistant to piperacillin,
270 (67.5%) to trimethoprim / sulfamethoxazole, 235
(58.8%) to ceftazidime, 225 (56.3%) to cefepime, 217
(54.3%) to ampicillin-sulbactam, 217 (54.3%) to azt-
reonam, 207 (51.7%) to ciprofloxacin, 165 (41.3%) to
piperacillin-tazobactam, 155 (38.8%) to gentamicin,
134 (33.5%) to meropenem, 128 (32%) to tetracycline,
and 104 (26%) to imipenem. Among hvKp-rmpA+
strains, the highest resistance rate was obtained against
piperacillin (11, 68.8%), followed by trimethoprim /
sulfamethoxazole (8, 50%), meropenem (5, 31.3%),
ceftazidime, ampicillin-sulbactam, ciprofloxacin (4,
25% for each of them), cefepime (3, 18.8%), aztreo-
nam (2, 12.5%), gentamicin, piperacillin-tazobactam
and imipenem (1, 6.3% for each of them). None of
hvKp-rmpA+ strains showed resistance to tetracy-
cline. Antibiotic resistance of hvKp-rmpA+ and cKp
isolates are presented in Table 2.

String test. Of all the K. pneumoniae isolates only
22 (5.5%) isolates were positive for the string test phe-
notype. Of 22 isolates that were positive for the string
test, eight isolates lacked rmpA gene.
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Table 2. Antibiotic resistance of hypervirulent K. pneumoniae (hvKP) and classical K. pneumoniae (cKP)

Antibiotic agent hvKp-rmpA+ (n=16) cKP (n=384) Total (n=400)
Carbapenem Imipenem 1 (6.3%) 103 (26.8%) 104 (26%)
Meropenem 5 (31.3%) 129 (33.6%) 134 (33.5%)
Cephalosporin Ceftazidime 4 (25%) 231 (60.2%) 235 (58.8%)
Cefepime 3(18.8%) 222 (57.8%) 225 (56.3%)
Beta-lactam inhibitor Piperacillin-tazobactam 1 (6.3%) 164 (42.7%) 165 (41.3%)
Ampicillin-sulbactam 0 (0%) 217 (56.5%) 217 (54.3%)
Beta-lactam Piperacillin 11 (68.8%) 272 (70.8%) 283 (70.8%)
monobactam Aztreonam 2 (12.5%) 215 (56%) 217 (54.3%)
Sulfonamide trimethoprim / sulfamethoxazole 8 (50%) 262 (68.2%) 270 (67.5%)
Fluroquinolone Ciprofloxacin 4 (25%) 203 (52.9%) 207 (51.7%)
30s Gentamicin 1 (6.3%) 154 (40.1%) 155 (38.8%)
Tetracycline 0 (0%) 128 (33.3%) 128 (32%)

Samples and screening of hvKp-rmpA+ strains.
Of 400 K. pneumoniae isolates tested, 16 (4%) carried
the rmpA gene and were identified as hvKp, and 384
(96%) isolates that did not harbor rmpA gene were
detected as cKp. hvKp-rmpA+ strains were isolated
from trachea (31%; n=5), urine (25%; n = 4), sputum
(25%; n = 4), wound (12.5%; n = 2), and blood (6%; n
= 1) specimens (Table 3).

PCR assay for pagO, iucA, iroB, luxR. After deter-
mining the hvKp-rmpA+ strains by PCR, we investi-
gated the possible presence of other cardinal virulence
and capsular type genes related to the pathogenicity of
hvKp. Of 16 hvKp-rmpA+ strains, 16 (100%) carried
pagO, iroB, and luxR genes. Thirteen of the hvKp-rm-
pA+ strains (81.3%) harbored iucA gene (Table 3).

Capsular types. The most prevalent capsular type

gene was K, that occurred in 10 (62%) hvKp-rmpA+
strains. Three (19%) strains harbored the K, gene, and
two (12.5%) strains and one (6%) strain carried K,
and K, genes, respectively. None of the hvKp-rmpA+
strains were positive for K., and K_ types. The K,
positive strains were cultured from sputum (30%; n
= 3), trachea (30%; n = 3), wound (20%; n = 2), urine
and blood (10%; n = 1 for each of them) specimens,
while K, strains were recovered from trachea, urine
and sputum cultures (Table 3).

ESBL genes. The most prevalent ESBL gene was
blag,,, that occurred in 336 (87.5%) cKp isolates.
One hundred ninety-three (50%) isolates harbored
the bla gene, and 116 (30%) carried bla .

CTX-N
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These genes occurred in different combinations,
bla_,, ,+bla,, and bla_, +bla, +bla . most fre-
quently occurred together in 79 (20.5%) and 77 (20%)
isolates, respectively. Twenty (5.2%) of the isolates
possessed blag, +bla _ genes, whereas two (0.5%)
of isolates carried bla_,, , +bla ., genes. The isolates
that possessed ESBL genes were mostly cultured from
urine and trachea specimens (Table 4).

Among 16 hvKp-rmpA+ strains, 15 (94%)
strains carried bla. gene and one (6%) strain had
bla., ,gene.Therefore,onlyonestrainofhvKp-rmpA+
strains was positive for both bla_, ,,and bla,, genes.
None of hvKp-rmpA+ strains were positive for bla_,,

gene (Table 3).

Frequency of carbapenemase genes. All K. pneu-
moniae isolates were negative for bla, . bla,,
bla ,bla , bla , and bla genes. But the

KPC7 SPM’ OXA-48 OXA-181
results revealed that 30 (7.8%) cKp isolates possessed

bla,,, gene. The bla  producers were mostly cul-
tured from urine (47%; n = 14), trachea (20%; n=6)
followed by wound (17%; n = 5), sputum, discharge
and blood (3%; n =5 for each of them). However, none
of the hvKp-rmpA+ strains were positive to selective
carbapenemase genes. Table 4 shows the distribution
of the bla,_ + gene in relation to the ESBL genes, and

L NDN
clinical samples.

DISCUSSION

Over the recent years, epidemiological data have
shown often highly prevalent hvKp especially in

http://ijm.tums.ac.ir
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Table 3. Distribution of ESBL, carbapenemase, virulence, capsular genes, string test, and specimens in 16 hvKp-rmpA+ strains

No ESBL gens Virulence genes Capsular genes String test Samples
bla_,,.,, blag, iucA iroB luxR pagO Kl K, K, K,

1 + + + + + + + + Urine
2 + + + + + + + Urine
3 + + + + + + Urine
4 + + + + + Blood
5 + + + + + + + Wound
6 + + 0+ + o+ + + Trachea
7 + + + + + + + Sputum
8 + + 0+ + o+ + Urine
9 + + + + + + Sputum
10 + + o+ F + Trachea
11 + + + + + + + Trachea
12 + + o+ + o+ + + Wound
13 + + o+ + o+ + + Trachea
14 + + + + + + + Sputum
15 + + + + + + + Trachea
16 + + + + + + + Sputum
Total 1 15 13 16 16 16 10 3 1 2 15

#*Only the results of positive genes have been shown (All were negative for bla

bla , bla

OXA48

,K andK ).
57

OXA181 54

China (6, 7, 25, 26). In the current study using the
presence of the rmpA gene, only 4% of K. pneumo-
niae were detected as hypervirulent. hvKp-rmpA+
strains were mostly derived from trachea, followed
by urine and sputum of patients referred to the hos-
pital. Further, other several important results were
identified from our study. First, all the 16 hvKp-rm-
pA+ strains, were positive for pagO, iroB and luxR
genes, biomarkers that were shown to be accurate for
differentiating hvKp from cKp strains (7). Second,
the most prevalent K, (62%) and K, (19%) capsular
types were detected in hvKp-rmpA+ strains. Third,
and most importantly, among hvKp-rmpA+ strains,
none possessed carbapenemase genes, and only 7.8%
of cKp isolates harbored the bla,,, gene. Also, 15
hvKp-rmpA+ strains carried blag,, gene and only
one strain had bla_., ,,gene. These results show that
hvKp-rmpA+ strains have less antibiotic resistance
than cKp isolates.

At present, an accurate test of differential hvKp
and cKp strains is needed for epidemiologic stud-
ies. Russo et al. demonstrated that certain virulence
biomarkers have high specificity and sensitivity for
the detection of hvKp strains. These biomarkers in-
clude rmpA, rmpA2, peg, iroB, and iucA which are

http://ijm.tums.ac.ir
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bla bla,,, bla,,,. blag,,, bla

TEM' NDM’ KPC!

associated with severe illness or death. Siderophore
production strongly predicted hvKp strains (27).
Our study utilized five virulence biomarkers (rmpA,
pagO, iucA, iroB, luxR) and identified 16 hvKp
strains from 400 patients. A previous study report-
ed the epidemic spread of hvKp infections in Asian
populations, especially in China, South Korea, Tai-
wan, and Iran (8). The results of our study were in
agreement with another study in Iran that showing
a low prevalence hvKp among K. pneumoniae were
isolated from community-acquired urinary tract in-
fections (11 out of 105) (28). Also, other studies in
Iran have shown a lower frequency of hvKp strains
(1, 29, 30). Therefore, based on the results of stud-
ies can conclude that the epidemic spread of hvKp
strains in Iran is not consistent with results reported
by Leeetal. (8).

K. pneumoniae based on capsular polysaccharides
are divided into at least 78 serotypes. Among the
various serotypes of K. pneumoniae, serotypes K1
and K2 are most associated with hvKp strains (31).
Furthermore, other capsular polysaccharides sero-
types of hvKp strains, including K5, K16, K20, K28,
K54, K57, K63, and KN1, have been reported (8). In
the current study, K1 and K2 serotypes are the most
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Table 4. Frequency of ESBL genes profile and specimens in 384 cKp isolates and 30 bla, , + strains

Total N (%)

ESBL genes profile

Samples (N, %)

cKp isolates

79 (20.5%) bla__ ., bla

77 (20%) bla,,, bla_.,,. bla
20 (5.2%) bla,,, blag,,
2 (0.5%) bla.,,, bla_,,,,
bIaNDM+ strains*
16 (53.3%) bla_ . bla,,
12 (40%) bla,,, bla_. . bla
1(3.3%) bla__,, blag,
1(3.3%) bla ,bla
TEM CTX-M

CTX-M? SHV

SHV

SHV

Urine (26, 6.7%)
Trachea (18, 4.6%)
Wound (14, 3.6%)
Sputum (6, 1.5%)

Blood (6, 1.5%)

BAL (3, 0.7%)
Discharge (1, 0.26%)
Ascites (1, 0.26%)
Pleural fluid (1, 0.26%)
Catheter (1, 0.26%)

Urine (30, 7.8%)
Trachea (17, 4.4%)
Wound (12, 3.1%)

Sputum (7, 1.8%)
Discharge (5, 1.3%)

Blood (3, 0.7%)

BAL (3, 0.7%)

Urine (15, 3.9%)

Wound (3, 0.7%)
Trachea (1, 0.26%)
Sputum (1, 0.26%)

Wound (2, 0.5%)

Trachea (8, 26.6%)
Urine (4, 13.3%)
Wound (4, 13.3%)
Urine (9, 30%)
Wound (1, 3.3%)
Discharge (1, 3.3%)
Blood (1, 3.3%)
Urine (1, 3.3%)
Urine (1, 3.3%)

*One bla , + strain none positive for each ESBL genes.

predominant among hvKp strains, which is consis-
tent with the results of the other studies (1, 32-34).
In contrast to previous reports revealed that K2 cap-
sular serotype among hypermucoviscous K. pneu-
moniae isolates was associated with more types of
invasive infections than K1 isolates. K5, K20, K54,
and K57 serotypes have been reported in China with
different identification rates, such as K5 2.4% (2/84),
K20 4.8% (4/84), and K57 9.6% (8/84) (35), K5 3.1%
(3/96), K20 6.3% (6/96), K54 3.8% (4/96) and K57
10.4% (10/96) (36) and K5 40.5% (15/37), K20 8.1%

480 IRAN. J. MICROBIOL. Volume 14 Number 4 (August 2022) 475-483

(3/37), K54 21.6% (8/37), and K57 18.9% (7/37) (37).
In the current study, we found K5 (12.5%) and K20
(6%), also none of the hvKp-rmpA+ strains possessed
K54 and K57 genes, can be suggested that the se-
rotype frequency of hvKp strains varied in different
regions of Asia.

In similar to previous studies that hvKp strains
were highly sensitive to routinely used antibiot-
ics compare to cKp (6-8), the results of the current
study showed that hvKp-rmpA+ were less resistant
than cKp to imipenem, piperacillin-tazobactam,

http://ijm.tums.ac.ir
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cefepime, ampicillin-sulbactam, aztreonam, cip-
rofloxacin, gentamicin, and tetracycline. In this
study, the number of hvKp-rmpA+ possessed ESBL
genes, especially bla g, gene (94%) is significant-
ly higher compared to carbapenemase genes. None
of hvKp-rmpA+ strains possessed carbapenemase
genes. But, 7.8% of cKp isolates carried bla, , gene.
Like the report in China, the incidence of ESBLs
was found to be significantly greater in cKp iso-
lates than in hvKp strains (25). Similarly, a report in
Iran showed that 90.0% and 63.6% of hvKp strains
from urinary tract infections harbored bla, and
bla..,_,, respectively (28). Lam et al. suggested that
the higher antimicrobial susceptibility of hvKp may
be due to hyper-expression of K1 capsule, which may
provide a physical barrier against penetrating foreign
DNA to bacteria in conjugation, transformation, and
also CRISPR/Cas systems. However, in recent years,
antibiotic resistance in hvKp strains increased over
time, such as ESBLs and carbapenemase-producing
(38). Another report in Iran showed that hvKp strains
were resistant to imipenem and carried an aacA7,
bla,,,,,» and dhfrl cassette arrangement in a class
1 integron (29). A study in Spain revealed the first
description of a bla_., ,, . blag,, ,,and armA-har-
bouring hvKp of clone ST23 and capsular serotype
K1 (39).

The string test was shown to be significantly asso-
ciated with the hvKp strains (7), as we observed that
one hvKp-rmpA+ strain was not hypermucoviscosi-
ty phenotype. The new data has suggested that the
terms hypervirulent and hypermucoviscous are two
different phenotypes that should not be used synony-
mously. Hypervirulent associated with genes which
must be detected such as yersiniabactin, aerobactin,
and the rmpA/rmpA2 genes, but the absence of hy-
permucoviscosity phenotype is not an appropriate
way to exclude hypervirulence (31).

Parrott et al. concluded that the string test was
positive in only two-thirds of rmpA/iucA/peg344
gene-positive isolates and had a specificity of 95.2%
and a sensitivity of 66.7%. Also, showed that perhaps
this test would best serve as a negative predictive val-
ue test in regions of low prevalence (40). However,
another recent study reported that some cKp strains
possess hypermucoviscous phenotype (27). In this
study, it was stated that the hvKP-rmpA+ strains were
found most frequently in samples of trachea origin.
However, it is generally known that hvKP is high-
ly associated with intraperitoneal infections such as
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liver abscesses. The distribution of bacterial origins
in this study is expected to have a significant impact.
One of the limitations of the present study was the
lack of evaluation of more virulence and antibiotic
resistance genes which could have made a more ac-
curate assessment of the molecular status of the bac-
teria.

CONCLUSION

The prevalence of hvKp as defined by validated vir-
ulence biomarkers was low in the south of Iran (Ban-
dar Abbas city). Given that some studies have shown
the frequency of hvKp strains epidemic in Iran (8),
discrepancies in the distribution of these strains may
be due to differences in various geographical areas.
We also showed that hvKp-rmpA+ strains have less
antibiotic resistance than cKp isolates. The frequen-
cy of ESBL genes were strongly associated with cKp
isolates, although bla., , gene detected was high in
hvKp-rmpA+ strains. Therefore, more molecular ep-
idemiologic researches are needed on cKp and hvKp
strains in other regions of Iran.
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