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Aim. Klebsiella pneumoniae is one of the most important causes of nosocomial infections, including pneumonia, sepsis, and
urinary tract infection. Enterobacterial repetitive intergenic consensus polymerase chain reaction (ERIC-PCR) technique is a
quick, reliable, and cost-effective method for molecular typing of Enterobacteriaceae family members. )is study aimed to detect
genetic relatedness among K. pneumoniae isolates from hospitals in Hamadan city, using ERIC-PCR technique. Materials and
Methods. A total of 72K. pneumoniae isolates were collected from patients admitted to Besat and Sina hospitals. After detection
and confirmation of K. pneumonia isolates by chemical and conventional microbiological methods, DNAs were extracted after 24
hours of incubation at 37°C, using the boiling method. ERIC-PCR technique was carried out, and the ERIC patterns were analyzed
by online data analysis service (inslico.ehu.es). ERIC profiles were compared using Dice method and clustered by UPGMA
(unweighted pair group method with arithmetic mean) program. Also, the samples were evaluated by PCR method for the
detection of aerobactin gene within their genome. Finding.)e genetic relatedness amongK. pneumoniae isolates was studied, and
results established the genetic diversity of the clinical isolates by detecting 25 different ERIC types, including 14 common types and
11 unique types. Also, none of the isolates had aerobactin gene. Discussion. )e results of this study showed high genetic diversity
among K. pneumoniae strains, indicating the polyclonal distribution of K. pneumoniae isolates in Hamadan hospitals. )is
diversity causes problems for the treatment of infections due to the circulation of diverse K. pneumoniae clones, which possibly
have different antimicrobial susceptibility patterns.

1. Introduction

Enterobacteriaceae family is a group of rod-shaped Gram-
negative bacteria. Klebsiella pneumoniae, as the most im-
portant member of the Klebsiella genus, belongs to this
family. K. pneumoniae is a part of human gastrointestinal
normal flora and one of the most important organisms
associated with opportunistic infections, especially among

immunocompromised individuals. )e pathogenesis of in-
fection stands on various virulence factors such as poly-
saccharide capsule which protects bacteria against host
defense, endotoxins, and iron-scavenging systems [1].

Nosocomial infections are developed after hospital ad-
mission besides the main health problem and are known as a
global health issue. Multidrug-resistant pathogens usually
are involved in such infections, and K. pneumoniae is one of
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the main culprits associated with pneumonia, urinary tract
infection, wound infection, bacteremia, and septicemia
[2–4].

One of the important points to prevent the spread of
healthcare-associated infections and improve infection
control is identifying the genetic relatedness among the
pathogenic spices. Repetitive element sequence-based po-
lymerase chain reaction (PCR) is a molecular method that
investigates the repetitive nucleotide sequences within the
bacterial genome and clusters the bacterial strains. En-
terobacterial repetitive intergenic consensus (ERIC) is one of
the repetitive elements in which the pattern and number are
different in the bacterial genome. Enterobacterial repetitive
intergenic consensus polymerase chain reaction (ERIC-
PCR) technique is a quick, reliable, and cost-effective
method for molecular typing of the Enterobacteriaceae
family and distinguishes the genetic diversity among the
strains [4, 5].

)e aerobactin gene encodes the aerobactin siderophore
which is one of the main iron-scavenging systems produced
by hypervirulent K. pneumoniae. Hypervirulent strains can
lead to life-threatening infections even in healthy individuals
[6, 7].

)is study aimed to detect genetic relatedness among
K. pneumoniae isolates from hospitals in Hamadan city,
using ERIC-PCR technique. Also, the presence of the aer-
obactin gene within their genomes was evaluated.

2. Method

2.1. Bacterial Isolation and Identification. A total number of
72K. pneumoniae isolates were gathered from all throat,
urine, trachea, wound, blood, sputum, and abscess drainage
samples entered to Besat and Sina Hospital laboratories from
March to October 2019. Isolates were confirmed as
K. pneumoniae by chemical and conventional microbio-
logical methods at hospital laboratories. Also, antibiotic
susceptibility testing was done by Kirby–Bauer disk diffusion
method (Mast, UK) for amikacin, ceftazidime, ciprofloxacin,
cotrimoxazole, imipenem, meropenem, levofloxacin, and
colistin. )e samples were saved in microtubes and frozen at
−70°C till all were gathered.)en, samples were cultured and
incubated at 37°C for 24 hours. Samples’ information in-
cluding the sample type (urine, tracheal discharge, sputum,
blood, wound, and abscess drainage), age and sex of patients,
and type of admission (inpatient or outpatient) were
extracted from laboratories’ information systems.

2.2. ERIC-PCR. Genomic DNAs of K. pneumoniae were
extracted using the boiling method. ERIC-PCR technique
was carried out in a thermocycler (Bio-Rad, Inc. USA) using
ERIC primer—forward: 5ʹ-ATG TAA GCT CCT GGG GAT
TCAC-3ʹ and reverse: 5ʹ-AAG TAA GTG ACT GGG GTG
AGC G3ʹ (Metabion, Germany). )e PCR protocol is
mentioned in Table 1 [8].

)e PCR products were loaded on a one percent agarose
gel (Sigma-Aldrich) at 70 volts for one hour, and the banding
patterns were illuminated by ultraviolet radiation (Figure 1).

)e ERIC patterns were analyzed by online data analysis
service (insilico.ehu.es). ERIC profiles were compared using
Dice method and clustered by UPGMA (unweighted pair
group method with arithmetic mean) program. Isolates with
a similar ERIC pattern or with one, two, or three different
bands were considered as one ERIC type, and isolates with
more than three inconsistent bands were fallen into different
groups. )e dendrogram was drawn according to the
clusters. )e relation between different ERIC types and
hospitals in which samples were taken was evaluated by the
Chi-square test using SPSS 22 software.

2.3. Detection of the Aerobactin Gene. )e 72 samples were
evaluated by PCR method for the detection of aerobactin
gene within their genome. PCR was carried out in a ther-
mocycler (Bio-Rad, Inc. USA) using the primer—forward:
5′-GCA TAG GCG GAT ACG AAC AT-3′ and reverse: 5′-
CAC AGG GCA ATT GCT TAC CT-3′ (Metabion, Ger-
many). )e PCR protocol for detection of aerobactin gene is
mentioned in Table 2 [9].

3. Results

A total number of 72 samples were entered into the study
after isolates were confirmed as K. pneumoniae by Besat and
Sina Hospital laboratories. 49 samples belonged to males. 6
samples belonged to outpatients. 47 samples belonged to
inpatients, and type of admission was not determined for 19
samples. Among samples from inpatients, 40 samples were
taken from patients in the intensive care unit (ICU). Also,
there was one sample from patients admitted to each of
hematology, infectious disease, orthopedics, general surgery,
pediatrics and, burn wards.)eward was not determined for
one of the inpatient samples. Of the total samples, 28, 15, 13,
5, 5, 1, and 1 were extracted from the throat, urine, trachea,
wound, blood, sputum, and abscess cultures, respectively

Table 1: ERIC-PCR protocol.

PCR step Temperature (°C) Time (min) Cycles

Primary denaturation 94 3 1
Denaturation 94 1 35
Annealing 48 1 35
Extension 72 2 35
Final extention 72 5 1

Figure 1: Agarose gel after electrophoresis and ultraviolet illu-
mination. N. C: Negative control.
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(Figure 2). According to antibiotic susceptibility testing,
86.5%, 84%, 80.6%, 72.5%, 72.3%, 67.3%, and 66.1% of
K. pneumoniae isolates were resistant to levofloxacin, cef-
tazidime, ciprofloxacin, cotrimoxazole, meropenem, ami-
kacin, and imipenem, respectively. All of isolates were
sensitive to colistin.

)e genetic relatedness among K. pneumoniae isolates
was studied, and results established 25 different ERIC types,
including 14 common types and 11 unique types (Figure 3).

ERIC types A, B, C, G, L, and M belonged to Besat
Hospital, while type N and most of type K samples belonged
to Sina Hospital, and there was a significant difference
between different ERIC groups in terms of the hospitals in
which the samples were taken (p value< 0.001). )e largest
ERIC type was type L including 10 isolates that all of them
were from the intensive care unit (ICU) of Besat Hospital.

72K. pneumoniae isolates were also accessed for the
detection of aerobactin gene. Finally, none of the isolates had
aerobactin gene.

4. Discussion

Gram-negative bacilli are one of the main causes of hospital-
acquired infections. K. pneumoniae is one of the Gram-
negative bacilli that belong to the Enterobacteriaceae family
and the bacteria are associated with urinary tract infections,
pneumonia, wound infections, and bloodstream infections
[2, 4]. K. pneumoniae is known as the third leading cause of
hospital-acquired pneumonia in the United States, and also
it is one the important causes of ventilator-associated
pneumonia (VAP) in intensive care units (ICUs) [10, 11].

In our study, approximately 60% of isolates were related
to the respiratory system, and about 20% of isolates were
extracted from urine samples. In the same study by Parsaie
Mehr et al. 70% of K. pneumoniae isolates were related to
urine samples and 14% were extracted from tracheal samples
[5]. In a prospective cohort study by Xercavins et al. to
analyze the transmission dynamics of extended-spectrum
β-lactamase-producing K. pneumoniae, among 60 isolates,
about 47% were extracted from urine samples and only one
was from respiratory tract sample [12]. )e study of biofilm
formation and antibiotic resistance of K. pneumoniae iso-
lates from clinical samples by Nirwati et al. revealed that
among 167 isolates, gathered from a tertiary care hospital,
51.5% were extracted from respiratory specimens [13]. We
can conclude that respiratory and urinary tract infections are
two important infections associated with K. pneumoniae.

Regarding the important role of K. pneumoniae in
nosocomial infections, genotyping the clinical isolates is
beneficial for the identification of infection sources and to

prevent hospital-acquired infections [4]. Various molecular
methods such as ribotyping, pulsed-field gel electrophoresis
(PFGE), and multilocus sequence typing (MLST) can be
implemented for genotyping bacterial spices. However, they
are expensive and time-consuming. Repetitive element
palindromic (REP) PCR method such as ERIC-PCR is an-
other quick, reliable, and cost-effective technique for mo-
lecular typing of the Enterobacteriaceae family so that we
applied this technique is our study. According to the results,
25 different ERIC types, including 14 common types and 11
unique types, were detected by ERIC-PCR which demon-
strates the genetic diversity of the K. pneumoniae isolates
from Hamadan hospitals. Samples of the largest ERIC group
belonged to the ICU of a specific hospital, so this result
expresses a dominant bacterial colon and possible noso-
comial infection in this unit. According to our results, there
was no significant relationship between ERIC groups and
antibiotic susceptibility patterns. Studies in Iran and other
countries have discussed genetic relatedness among
K. pneumoniae isolates from different clinical settings. In the
study by Moosavian et al. which was conducted on colistin-
resistant K. pneumoniae clinical isolates in the southwest of
Iran, 23 ERIC types were identified among 26 spices [2]. )e
other study in Iran detected 32 different ERIC types among
35K. pneumoniae spices [5]. Also, Wasfi et al. evaluated
genetic relatedness of multidrug-resistant K. pneumoniae
isolates from Egyptian hospitals, and their results showed a
diversity of the spices [14].

A study of virulence profiles of 54K. pneumoniae strains
from various clinical specimens by Fertas-Aissani et al.
reported the prevalence of aerobactin gene which is 3.7%
[15]. Also, another study by Remya et al. reported the
prevalence of aerobactin gene to be 5.4% among 370 dif-
ferent clinical isolates [16]. However, aerobactin gene was
detected in none of K. pneumoniae isolates in our study.

Our results in accordance with similar studies indicate
genetic diversity of K. pneumoniae clinical isolates. Diverse
colons may have different antibiotic resistance patterns and
so can cause difficulties for the treatment of infections. We
recommended future studies to evaluate genetic diversity
among bacteria of the Enterobacteriaceae family and find
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Figure 2: Number of different samples types.

Table 2: PCR protocol for detection of aerobactin gene.

PCR step Temperature (°C) Time (min) Cycles

Primary denaturation 95 5 1
Denaturation 95 1 40
Annealing 52 1 40
Extension 72 2 40
Final extention 72 7 1
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Figure 3: Dendogram of k pneumoniae isolates clustering based on ERIC patterns.
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possible relations between ERIC type and antibiotic resis-
tance pattern. Also, we suggest further studies to evaluate
more samples and the possible relations between expression
of aerobactin gene and potential virulence of K. pneumoniae
isolates.
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