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ABSTRACT

Background and Objectives: Citrobacter freundii is an opportunistic pathogen causing nosocomial infections and resistant
to various antibiotics. We aimed to determine the clonal relationship of C. freundii isolates using Pulsed-Field Gel Electro-
phoresis (PFGE).

Materials and Methods: Fifty clinical isolates of C. freundii were collected from the main hospital in Kermanshah. After
antibiotic susceptibility testing and screening for extended-spectrum beta lactamase (ESBL), all isolates were genotyped by
PFGE. The DNA fragment patterns were analysed using Gelcompar II version 6.6 software. The Dice coefficient was used
to calculate similarities for cluster analysis.

Results: The PFGE results of 12 (24%) and 38 (76%) ESBL positive and negative isolates, respectively, produced 39 clus-
ters (X, ,,) with different genotype patterns. The X, and X, clusters were the major clusters, each contained 3 isolates from
different hospital wards. However, the majority of isolates showed a high genotypic diversity.

Conclusion: Results revealed the genotypic diversity of C. freundii isolates indicating the various sources for the bacterial
isolates. However, the presence of isolates with similar genotypes indicates the common origin for these strains and may
reflect the strain dissemination within the hospital wards, in particular in infectious ward and intensive care unit.
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INTRODUCTION
The genus Citrobacter is a member of the Entero-
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bacteriaceae family and ubiquitous in soil, sewage
and water. This group of bacteria can also colonize
human and animal gastrointestinal tract (1). Sever-
al species of Citrobacter have been identified and
a few of them, including Citrobacter freundii, have
been recognized as opportunistic pathogens (2). Al-
though C. freundii is often considered as a commen-
sal bacterium of the human intestinal microbiota, it
can cause opportunistic infections in hospitalized
patients (3). It has been associated with nosocomial
infections of urinary, respiratory, biliary, gastritis,
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meningitis, brain abscesses and neonatal sepsis (2-
4). Citrobacter spp. are bacteria with low virulence
and can persist as a population for a long time and
thus accumulate resistance determinants, which may
make the treatment of their infections more difficult
(4). Citrobacter infections can be fatal, with 33-48 %
overall death rates, and 30% for neonates (4). Resis-
tance to antibiotics may develop by several mecha-
nisms in Citrobacter species, but the most important
one is the production of f-lactamases that hydrolyze
the B-lactam ring of antibiotics (5). Plasmid-mediat-
ed extended-spectrum B-lactamases (ESBLs) were
first reported in the mid 1980s (6). There are now
over 200 distinct ESBLs that have been character-
ized and classified on the basis of amino acid gene
sequences (7).

The dissemination of nosocomial infection caused
by C. freundii has been attributed to the various ways
of bacterial spreading including medical staff hands
and other objects shared in hospitals (8). Molecular
typing of microorganisms is a tool to identify the
sources of contamination and to determine the routes
of transmission for pathogenic bacteria that could
enable us to more accurately detect and limit the
spread of hospital-acquired infections. The pulsed-
field gel electrophoresis (PFGE) has been used with
a good discriminatory power for investigation of out-
breaks and sporadic cases of Citrobacter spp. (9, 10).
Given the increased rate of nosocomial infection,
we aimed to determine the clonal relationship of
C. freundii isolates from the main hospital in Ker-
manshah city.

MATERIALS AND METHODS

Bacterial isolates. Fifty isolates of C. freundii were
collected during 2013 from the main hospital (Imam
Reza) in Kermanshah (west of Iran). This is a ma-
jor local hospital in the area and patients are referred
to this center from cities and neighboring provinc-
es. All isolates were from hospitalized patients. The
clinical samples were included urine (n=24, 48%),
blood (n=11, 22%), stool (n=8, 16%), and others
(respiratory tract and wound secretions, ascitic flu-
id and sputum) (n=7, 14%). The patients were 23
females (46%) and 27 males (54%) with the aver-
age age of 36.8 year old. All bacterial isolates were
identified by bacteriological and biochemical tests
followed by confirming using API20E Kit (bio-
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Merieux, France).

Antibiotic susceptibility testing. Antimicrobi-
al susceptibility testing for six B-lactam antibiotics
was carried out using disk diffusion method as rec-
ommended by Clinical and Laboratory Standard In-
stitute (CLSI) (11). The antibiotics were penicillins
(ampicillin, pipracilin-tazobactam), cephalosporins
(cefazolin, cefotaxim), monobactam (azetronam) and
carbapenem (meropenem) (Mast, England).

ESBL phenotypic confirmatory test. Phenotyp-
ic confirmatory test (PCT) of ESBL was performed
using the combined disk method on Mueller Hin-
ton Agar (Merck, Germany) according to the CLSI
recommendations. In this method, cefotaxime and
ceftazidime alone and in combination with clavu-
lanic acid were used. If the inhibited zone diameter
increased >5 mm for either antimicrobial agents in
combination with clavulanic acid it was considered
phenotypic positive for ESBL (11).

Molecular typing by PFGE. All fifty isolates
were used for genotyping by PFGE according to a
previously described protocol (12) with some modifi-
cations. C. freundii isolates and Salmonella enterica
serovar Braenderup H9812 (As DNA marker) genome
were digested with 20U Xbal (Fermentas, Lithuania).
Following Xbal digestion, the genomes were loaded
into a 1% Low electroendoosmosis agarose (Merck,
Germany). Electrophoresis was performed using a
CHEF MAPPER apparatus (Bio-Rad, USA) at 14 °C
for 22 h under the following conditions: initial switch
time, 6.8 s; final switch time, 34.8 s; included angle,
120°; voltage gradient, 6 V/cm; ramping factor, lin-
ear. Gels were stained with ethidium bromide and
visualized under UV light using Gel Doc apparatus
(Bio-Rad, USA).

Software analysis. The DNA fragment patterns
were analysed using Gelcompar II version 6.6 soft-
ware (Applied maths, Belgium). The Dice coeffi-
cient was used to calculate similarities for cluster
analysis. A cluster of isolates was defined to include
all isolates with 80% cutoff for similarity of their
DNA patterns according to the Tenover’s criteria

(13).

Statistical Analysis. Data were recorded and en-
tered into an Excel file. Statistical analyses were per-
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formed using SPSS software (version 16). Variables
were analysed by chi-square test. A p-value of < 0.05
was set as the statistical significance of all analyses.
Simpson's Index of Diversity (D value) was calculat-

ed using p=1- (L—”) equation.
N(N—1)

RESULTS

The antibiotic susceptibility of isolates presented
in Table 1. Phenotypic ESBL production was detect-
ed in 12 (24%) isolates. PFGE showed the majority of
isolates had 11 to 13 DNA bands (Figs 1, 2). Accord-
ing to the DNA fingerprints, 39 clusters (X ,) were
differentiated among isolates. The X, and X, clusters
were the major clones, each with 3 isolates that were
mostly urinary isolates. The next cluster (X,) with 2
isolates included 1 ESBL positive isolates resistant to
all antibiotics tested, except carbapenems. The clus-
ter X, to X, each with 2 isolates were from ICU and
infectious wards (Table 2). The X, to X,/ clusters,
each had a unique genotype and they were mostly
from urine and blood samples with 8 (16%) ESBL
positive isolates. They showed highly variable levels
of resistance with diversely genotypic patterns. Fi-
nally, two strains of bacteria were nontypeble. The D
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value was 0.9902.

Table 1. The antibiotic susceptibility of C.freundii isolates
to B-lactam antibiotics (%)

Antibiotics Resistance  Intermedite  Sensetive
Ampicillin 38(76) 2(4) 10(20)
Pipracilin-tazobactam 3(6) 8(16) 39(78)
Cefazolin 44(88) 6(12) 0
Cefotaxim 13(26) 6(12) 31(62)
Meropenem 2(4) 2(4) 46(92)
Azetronam 9(18) 2(4) 39(78)

Table 2. The distribution of clusters isolated among hospital

wards

Cluster Number of |The number of isolates from hospital wards

number isolates ICU Infectious Surgery

X1 3 1 1 1
X2 3 1 1 1
X3 2 - 1 1
X4 2 1 1 -
X5 2 1 1 -
X6 2 1 1

X7 2 1 1 -
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Fig 1. CHEF profiles of 12 C. freundii isolates. M: Salmonella serotype Braenderup

strain H9812 as a molecular size marker. Number 1 to 12 the profiles of isolates.
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Fig 2. Dendrogram for phylogenetic relationship among C.freundii
isolates using PFGE data. The dotted line shows 80% cut off.

DISCUSSION

Over recent years, the rate of nosocomial infections
caused by C. freundii has been increased worldwide
(4, 14). Research found the most frequent isolates of
nosocomial infections among hospitalized neonates
are Citrobacter spp. indicated the emergence of this
bacteria as important nosocomial pathogens (4). In
our study, resistance to cephalosporins, aztreonam
and piperacillin was lower than some other studies.
For example, a study in India has reported the resis-
tance for cefotaxime 89%, ceftazidime 81.5% and az-
treonam 74.7% (15). A research in Japan also showed
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17.9% resistant to piperacillin(16). The results of pre-
vious studies, as well as our study, are compatible for
the lowest resistance of C. freundii to carbapenems
(16, 17).

The rate of ESBL production among our isolates was
consistent with the findings of some previous studies.
For instance, the prevalence of ESBLs in C. freundii
isolates has been reported from 4.9 to 20.6 percent in
South Korea (18, 19), 10.5 percent in Pakistan, 12.5
percent in Jordan and 29.5 percent in Poland (20-22).
However, some other studies have reported lower or
higher rates for ESBL in C. freundii. For example, the
rates of 1.6 percent in France and 0.2 to 4.6% in Japan
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have reported which are lower than our results (15,
23). On the other hand, studies have reported higher
rates including a study in India with 41.1% of ESBL
(24). These variations may reflect the diversity of re-
gional resistant strains and suggest that continuous
surveillance is essential to detect the emergence and
spread of ESBL-producing strains for this bacterium.
Excessive antibiotic exposure (especially the extended
spectrum cepholosporins) and extended hospital stay
has been identified as the risk factors for the selection
of the ESBL producing strains (25).

The molecular typing of C. freundii isolates re-
vealed two features among genotypic patterns; the
first was the isolates with genotypic diversity and
the second, the isolates with more than 80% simi-
lar genotypes. The genotypic polymorphism can re-
flect the various origins of isolates. Given the spread
of C. freundii in hospital environment, it is not sur-
prising that the isolates may be acquired by patients
from different sources. Similarly, the results of sev-
eral studies in various countries on Citrobacter spp.
indicated the genotype diversity among isolates. For
example, a study on 57 strains of Citrobacter spp.
found 36 different molecular types among the isolates
(4). Research on 38, 26 and 12 of C. freundii isolates
using PFGE, have reported 23, 20 and 11 genotypic
patterns, respectively (26-28). A study in China on
51 Citrobacter strains (including 43 C. freundii, 4 C.
youngae and 4 C. braakii) from different sources, re-
vealed 48 different clusters by PFGE with similarity
between 43.8% and 100% (29). Another study in Ja-
pan on 57 ESBL-producing isolates found 13 different
clusters and18 unique PFGE types (23). The results of
all above studies are compatiblie with our study for
genenic diverisity of isolates.

On the other hand, a number of isolates with similar
genotype in our study may indicate the dissemination
of strains inside hospital environment, in particular in
infectious ward and intensive care units. The spread
of bacteria can happen in different ways, including
by hospital staff or contaminated devices and equip-
ments (8). Resistant isolates, in particular ESBL pos-
itive strains that cause nosocomial infections can be
dominated population over time and this may limit the
choice of effective antibiotics for their treatment (4).

CONCLUSION

Based on the results, the diversity patterns of C. fre-
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undii genotypes indicate the various origins of strains.
However, the presence of strains with similar geno-
types in clusters indicating a common origin for these
strains. This fact may reflect the spread through hos-
pital environments, especially in intensive care unit of
the hospital. Given the clinical significance of ESBLs
producing isolates, identification of these organisms
is critical in order to get a better therapeutic response
and reduce the risk of nosocomial outbreaks in the fu-
ture.
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