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Abstract

Objective: The purpose of conducting this research was evaluation of the frequency of extended-spectrum
beta-lactamases (ESBLs) in separated Enterobacteriaceae isolates from clinical samples in Khorramabad city
and determination of their antimicrobial resistance pattern.

Materials and Methods: In this study, 240 isolates belonging to Enterobacteriaceae family were collected in
time duration between March and June in 2014. The isolates were identified by standard biochemical tests.
Producing isolates of enzymes of ESBLs were identified by combined disc method and based on the Clinical
and Laboratory Standards Institute criterion, and then, frequency of genes of blaCTX-M and blaCTX-M-15
in positive phenotypic isolates was determined using polymerase chain reaction method.

Results: In the present research, the most frequency was, respectively, belonged to Escherichia coli with 76%,
Klebsiella pneumoniae - 16.2%, Citrobacter freundii - 5.4%, Proteus mirabilis - 1.6%, and Enterobacter - 0.83%. The
obtained results from determining the antibiotic sensitivity pattern in the separated isolates showed that the
maximum resistance of different isolates was related to antibiotics of ampicillin 88% while the minimum antibiotic
resistance of isolates was related to the amikacin antibiotic with resistance value of 2.5%. The obtained results
from the combined disc phenotypic method in the present research showed that from 240 Enterobacteriaceae
isolates, 59% was generators of ESBLs. In addition, 85% of positive phenotype Enterobacteriacea had genes of
blaCTX-M-15 and blaCTX-M that totally formed 50.4% of all separated bacteria from the clinical samples.
Conclusion: The obtained results from the present research showed that the prevalence of ESBL enzymes and
antibiotic resistance to ESBLs is high among the separated Enterobacteriaceae isolates from the clinical samples in
Khorramabad city. Hence, policies of prescription of antibiotics and infection control in hospitals should be reviewed.
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INTRODUCTION

The appearance of antibiotic resistance among pathogens
has become a big problem especially in health centers and
hospitals in relation with public health. Various bacteria
act by different mechanisms, hence, responds differently
to antibacterial agents.'”! Different types of bacteria
also may become resistant to antibacterial agents by
various mechanisms.”!”! Some bacteria can produce some
enzymes that lead to change or destruction of chemical
structure of antibiotics and finally cause inactivation
of antibiotic and appearance of resistant phenotype by
bacteria. The best example of this type of resistance is
beta-lactamase enzymes that through beta-lactam ring
hydrolysis cause inactivation of beta-lactam antibiotics.!""'?
Among drug resistances, resistance to beta-lactam is the
main concern to treat bacterial infections.”) The main
mechanism of bacterial resistance against antibiotics of the
beta-lactam class is production of beta-lactamase enzymes.
These enzymes hydrolyze and inactivate antibiotics of
beta-lactam before reaching penicillin-binding proteins
in cytoplasmic membrane. The obtained results from
other researches show that the maximum production of
extended-spectrum beta-lactamase (ESBL) is respectively
formed by Klebsiella pnenmoniae and Escherichia coli") ESBL
can hydrolyze oximino-f-lactams completely such as
third generation cephalosporins.!'*!”l Beta-lactamases
of CTX-M (cefotaxime hydrolyzing capabilities) are
increasingly prevalent in E. co/i and K. pneumonia. These
enzymes based on changes of amino acid are divided into
five main groups (CTX-M1, CTX-M2, CTX-M8, CTX-M9,
and CTX-M25)."

Types of CTX-M2 and CTX-M3 have been spread in the
whole world and are dominant types in different countries
such as Argentina. More than 50 types of CTX-M have
been identified until now."!

Approximately 5%—10% of hospitalized patients suffering
from opportunistic infections are from organisms of
this family. Types of Salmonella gender, Shigella gender,
Yersinia gender, and some of E. co/i strains are important
factors of infections of digestive system so are known as
enteric pathogen.!' Some dispersed researches have been
conducted in Iran about ESBL.I'"Y

According to importance of ESBLs, especially strains
containing genes of bla-CTX-M in creation and
development of resistance among Enferobacteriaceae isolates
and according to this issue that such research has not been
conducted in Khorramabad, so in the present research, we
tried to help physicians in the treatment of patients and

prevention of resistances due to ESBL by evaluating the
value of abundance of these kinds of isolated ESBLs.

MATERIALS AND METHODS

Collection of samples

This descriptively and cross-sectional study were
done between March 2014 and June 2014. A total of
240 isolates of bacteria were tested which were related
to Enterobacteriaceae family from different clinical samples
such as blood, cerebrospinal fluid, urine, respiratory
tract secretions, and wound (except stool) of patients
referred to training hospitals of Shohadaye Ashayer,
Shahid Rahimi and Shahid Madani in Khorramabad
city (Lorestan province, Iran). By culturing the collected
samples on the environment of special Gram-negative such
as Mac Cancan agar (Merck Company, Germany), we tried
to purify bacteria.

Identification of isolates

Using the standard biochemical tests such as Gram-stain,
oxidation test oxidation, triple sugar iron agar, sulfide
indole motility, to evaluate mobility, indole, and gas
production, methyl red-Voges Proskauer, citrate, and lysine
decarboxylase were identified.”) The identified strains were
stored using environment of trypticase soy broth and
glycerol (20%) in —70°C to be not destructed to conduct
next stages.

Antibiotic test and identification of phenotypic strains
of generating extended-spectrum beta-lactamase

The antibiotic sensitivity pattern in strains was determined
using disc diffusion method (Kirby-Bauer) according
to criteria of Clinical and Laboratory Standards
Institute (CLSI-2011).P” Discs were products of Haymdya
Company (India) that included ceftazidime (30 pug),
cefotaxime (30 Ug), ceftriaxone (30 Ug), aztreonam (30 Ug),
ampicillin (30 pg), ciprofloxacin (5 Ug), and amikacin (30 pg).

From the passage of the stored strains on blood agar
medium (Merck Company, Germany), a single colony of
them was inoculated to 5 ml of Mueller-Hinton broth
medium (Merck, Germany). This test was conducted
based on the method of Watts e a/. (2008). Finally, results
of inhibition zone of each antibiotic and its diameter
were measured by a ruler also were compared with CLSI
guidelines.['*?!

Combination disc method

All isolates were tested by combination disc to the
phenotypic evaluation of the production of ESBLs
enzymes. This was conducted based on the method of
Woodford (2004).12"
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Extraction of bacterial genome

The extracted DNA related to isolates was required to
conduct polymerase chain reaction (PCR) which was used
as a pattern in the reaction.

Polymerase chain reaction

The purpose of conducting PCRs was amplification of
genes of blaCTX-M and blaCTX-M-15 from DNA of the
extracted DNA from clinical isolates under effect of specific
primers. For this purpose, first the used primers were
selected from published papers in valid scientific journals.*!
Thermodynamic evaluation and testing specificity of these
primers were conducted by primer-blast (http:/ /www.ncbi.
nlm.nih.gov/tools/primer-blast/). Specifications of the
primers and length of their products have been provided
in Table 1.

Preparation of master mix

For preparation of the reaction, the Master PCR
Kit (Sina Klon Company, Iran) was used which contained
magnesium, buffer, INTPs, and Taq polymerase enzyme.
PCR was conducted in the volume of 25 ul for the both
genes of blaCTX-M and blaCTX-M separately. In this
order that 1 il of forward primer, 1 Ul of revers primer
with a final concentration of 10 pmol, 1 pl of DNA as
the pattern, 12.5 ul of master mix containing 2XTaq
(Sina Klon Company, Iran), and 9.5 Wl sterile twice distilled
water were used.

Polymerase chain reaction test

Condition of the reaction for the both genes of blaCTX-M
and blaCTX-M-15 was in this way that proliferation of
the intended part was conducted using thermocycler
instruments of Eppendorf (made in Eppendorf Company,
Germany) with an initial denaturation temperature of 94°C
for 5 min, then 306 cycles with denaturation temperature of
94°C for 30 s, connection of 52°Cin 40 s, and development
stage of 72°Cin 50 s and final development stage of 72°C
for 5 min.

PCR was conducted in the volume of 25 ul for the both
genes of blaCTX-M and blaCTX-M separately. In this
order that 1 ul of forward primer, 1 Ul of revers primer
with a final concentration of 10 pmol, 1 ul of DNA as

Table 1: Specifications of the primers and length of their
products

Size (bp) Primer sequence PCR target

590 F: 5-TTTGCGATGTGCAGTACCAGTAA-3 blaCTX-M
R: 5-CGATATCGTTGGTGGTGCCATA-3

885 F: AGAATAAGGAATCCCATGGTT blaCTX-M 15

R: ACCGTCGGTGACGATTTTAG

PCR: Polymerase chain reaction

the pattern, 12.5 ul of master mix containing 2XTaq
(Sina Klon Company, Iran), and 9.5 Wl sterile twice
distilled water were used. Meanwhile, the clinical isolates
of K. pneumonia which had genes of blaCTX-M and
blaCTX-M-15 and had been prepared from Iran’s Pasteur
Institute to positive control. The negative control included
all required materials to conduct PCR and only instead of
the pattern DNA, 1 ul of deionized water was added to
vial and was used as the negative control.

Electrophoresis

Buffer of X10 was prepared, but X1 buffer was used to
conduct electrophoresis." Electrophoresis product of
PCR was conducted on agarose gel of 1% in the method
of Mirsalehian ez a/* In this evaluation, the K. prenmoniae
strains with ATCC 700603 was used as the positive control,
and distilled water was used as the negative control.

The method of analyzing data

The information was analyzed through the statistical
software of SPSS (version 16.0). The descriptive statistic
methods were used to analyze the obtained results
statistically. Because with PCR method in average,
approximately 20% of Enterobacteriaceae have gene of
CTX-M and according to the frequency of Enterobacteriaceae
of positive phenotypic in the clinical samples, by
considering the reliability of 0.95 and with accuracy
assumption of 0.05, 240 Enterobacteriaceae were evaluated
in this research.

RESULTS

Results of separation of isolates

Members of Enterobacteriaceae family make wide range of
infections such as infections of the gastrointestinal tract,
urinary tract, and septicemia.” Nowadays, the producing
Enterobacteriaceae of ESBLs have been propounded as
a major problem in medical bacteriology because their
treatment is very difficult and also controlling the made
infections by them face some difficulties in hospital.

From 240 isolates, 86 male and 154 female subjects,
and from each clinical sample, only one isolate was
evaluated [Table 1]. The patients were in the age range
between 18 and 72 years. The clinical isolates were
separated from samples such as blood, cerebrospinal fluid,
urine, respiratory system, and wound that value of relative
frequency of each one has been summarized in Table 2.
The clinical samples of the hospitalized patients (58%)
and outpatients (42%) were related to three hospitals of
Shohadaye Ashayer, Shahid Rahimi, and Shahid Madani
that the frequency of each is shown in Table 2.
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To purify and accurate determination of the identity
of isolates, again inoculation was formed to blood
agar, and MacCancan agar mediums and the separated
colonies were identified by using standard biochemical
tests. The relative frequencies of the separated isolates
were provided in Table 3. According to this issue
that the outbreak of infections due to generating
Enterobacteriaceae of beta-lactamase is increasing in whole
wortld and Iran.?* Hence, in the present research that
was conducted in time interval of March to July in
2014 in Khorramabad city, on 240 isolates belonging to
Enterobacteriaceae family, the relative frequency of types
of the separated bacteria belonging to Enterobacteriaceae
family, the antibiotic resistance pattern in them,

Table 2: Number of the studied patients in separation of
gender

Gender n (%)
Male 86 (36)
Female 154 (64)

Total number 240 (100)

Table 3: The relative frequency of the different clinical
samples

Type of sample Number of sample (%)

Blood 63 (26)
Spinal fluid 22 (9)
Urine 113 (47)
Respiratory tract secretions 26 (1)
Wound exudates 16 (7)
Total 240 (100)

Table 4: The relative frequency of types of the separated
bacteria belonging to Enterobacteriaceae family

Name of bacteria n (%)
Escherichia coli 182 (76)
Klebsiella pneumoniae 39 (16.2)
Citrobacter frondii 13 (5.4)
Proteus mirabilis 4 (1.66)
Enterobacter 2 (0.83)
Total 240 (100)

frequency of generating isolates of ESBLs enzymes
in the phenotypic method of combination disc, and
finally the frequency of presence of blaCTX-M and
blaCTX-M-15 in positive phenotypic isolates using PCR
method were evaluated.

Based on the results of this research, the maximum and
minimum relative frequencies of the separated bacteria
belonged to Eunterobacteriaceae tamily were related to
E. coli (76%) and Enterobacter (0.83%). Further information
related to types of the separated bacteria belonging to
Enterobacteriaceae family are specified in Table 4. Based
on the obtained results in the present research, from
240 isolates belonging to Enterobacteriaceae family, the
maximum frequency, respectively, belonged to E. coli
with 76% (182 isolates), K. pneumoniae 16.2% (39 isolates),
Citrobacter 5.4% (13 isolates), Protens mirabilis 1.6%
(4 isolates), and Enterobacter 0.83% (2 isolates).

The results related to the antibiotic sensitivity pattern for 240

isolates belonging to Enterobacteriaceae family in accordance
with the guideline of CLSI were provided in Table 4.

The maximum antibiotic resistance of differentisolates of
Enterobacteriaceae was to ampicillin antibiotics (88%) and to
cefotaxime (43%) while the minimum antibiotic resistance
of these isolates was related to amikacin antibiotic with
resistance value of 2.5%.

The obtained results from determination of antibiotic
sensitivity pattern in the separated isolates showed that
the maximum antibiotic resistance of different isolates
of Enterobacteriaceae was related to ampicillin (88%) and
cefotaxime (43%) while the minimum antibiotic resistance
of isolates was related to amikacin with resistance value
of 2.5%. In the present research, values of resistance to
cefotaxime and ceftazidime were, respectively, equal to 43%
and 39% that are higher compared with research of Nijssen

Table 5: Frequency of the presence of blaCTX-M and blaCTX-M-15 in 141 positive phenotypic isolates

Number of positive phenotypic Number of positive isolates of Percent Number of positive isolates of Percent
isolates blaCTX-M blaCTX-M 15
141 111 78.72 75 53.19

Table 6: The relative frequency of presence of the evaluated genes in the 141 evaluated positive phenotypic isolates

Bacteria name (number of positive ESBL

blaCTX-M 15 (number of isolates)

blaCTX-M (number of isolates) Ctx-m + ctxm-15

isolates)

Escherichia coli (108) 59 85 50
Klebsiella (22) 10 16 10
Proteus (2) 1 2 1

Enterobacter (2) 1 2 1

Citrobacter (7) 4 3

Total (141) 75 111 65

ESBL: Extended-spectrum b-lactamase
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Figure 1: The comparative graph of number of positive and negative
extended-spectrum beta-lactamases for bacterial isolates of
Enterobacteriaceae family

et al? and Jones e alP with value of 18.7% and 10%. The
resistance values to cefotaxime and ceftazidime were 44%
and 42% in the conducted research by Mousavian ef a/. on
the isolates of Enterobacteriaceae which are consistent with
the present research.’

Results of phenotypic method of combination disc to
identify producing isolates of ESBL enzymes are provided
in Figure 1. In this test, after preparation of Mueller-Hinton
agar medium, microbial suspension with the concentration
of half McFarland was completely inoculated in the
mentioned medium and then ceftazidime discs (30 ug),
ceftazidime-clavulanic acid (30-10 pg), cefotaxime (30 mg),
and cefotaxime-clavulanic acid (30-10 mg), (prepared by
the MAST Company, England) were put on the medium
in the least distance of 2.5 from each other. After 24 h,
the incubation at 37°, inhibition zone around the disc
containing clavulanic acid as an inhibitor of ESBLs
enzymes was tested to discs without clavulanic acid. If
inhibition zone around the disc containing clavulanic acid
was higher than or equal to 5 mm to without clavulanic
acid, the intended strain according to CLSI criterion was
considered as generator of ESBLs [Figure 1].

The obtained results from phenotypic method of
combination disc in the present research showed that
from 240 isolates of Enterobacteriaceae, 59%0 were generator
of ESBLs which their maximum was E. /i 74% and the
minimum case was Enferobacter (2%). In fact, among 94
resistant isolates to ceftazidime 70 isolates and among
103 resistant isolates to cefotaxime the 84 isolates were
phenotypically generator of ESBLs. This issue shows that
existence of ESBL enzymes has higher importance in the
creation of bacterial resistance to cephalosporins compared
with other resistance mechanisms such as loss of purines
of the outer membrane in Gram-negative bacteria.**!

In the present research, the maximum isolates that were
identified as positive phenotype according to the results

of phenotypic method were E. co/i types that from
182 isolates; 108 isolates (60%) were positive phenotype.
The outbreak of generating isolates of ESBLs is different
in different cities of Iran so thatin the conducted research
by Ghafourian ez al*” from 288 separated K. pneumoniae
isolates from the clinical samples of hospitals in the
cities of Tehran, Ilam and Tabriz were, respectively,
50.7%, 39.4%, and 45.8% were generator of ESBLs.P
In another conducted research by Mousavian ef a/. in
Dezful city, frequency of generating Enterobacteriaceae of
ESBLs was obtained 30.5% that its outbreak in isolates of
K. pnenmoniae and E. coli has been, respectively, reported
45.4% and 28.8%. In another conducted research by
Zaniani et a/PV in Mashhad city, 43.9% of E. c/i isolate,
and 56.1% of K. pnenmonia isolates were producers of
beta-lactamase that also in this research 74% of E. col/i,
and 17% of Klebsiella were producers of beta-lactamase
which are consistent with this research. Also in the
research of Feizabadi ¢ a/P? among the 104 separated
K. pneumonia from four hospitals in Tehran city, 72.1%
of isolates were producers of enzymes of ESBLs. In the
conducted research by Gholipour ¢# 2/ in Isfahan city,
from 245 isolates of E. co/i 107 isolates (43.6%) and from
55 isolates of Klebsiella 21 isolates (38%) became positive
phenotype. In a conducted research by Mousavian e a/l*’!
in Ahwaz city from 240 separated isolates from different
clinical samples, value of outbreak of generating strains
of ESBLs using the phenotypic method of combination
disc was obtained 45%. So that isolates of Klebsiella with
66.6% had the maximum frequency and after that were,
respectively, E. co/i with 46% and Enterobacter with 41.5%.

Values of outbreak of types of generating Enterobacteriaceae
of ESBLs in other countries such as European countries
are different from country to another country so that the
value of isolates of ESBLs in Germany in two bacteria of
E. coli and K. pneunmonia has been reported 1.5% while these
enzymes in the separated isolates from Russia, Poland, and
Turkey has been reported 39%—-47%.54

The difference in outbreak of ESBLs in Enterobacteriaceae in
various parts of Iran and the world may be due to different
causes such as the consumption pattern of antibiotics,
especially extended-spectrum cephalosporins, amount of
consumption, and difference in time of collecting isolates.!"”

Results of phenotypic method of combination disc became
positive in 141 different isolates of Enferobacteriaceae. Results
of the frequency of the presences of blaCTX-M and
blaCTX-M-15 in 141 positive phenotypic isolates using
PCR method were provided in Table 5.
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After extraction of genome of isolates and conducting test
PCR, the obtained products from PCR were evaluated using
horizontal electrophoresis and gel docking device, based on
comparing their length with marker and the obtained results
from positive control and negative control [Figures 2 and 3].

Frequencies of blaCTX-M and blaCTX-M15 in 141
evaluated positive phenotypic isolates in this research
were, respectively, obtained 79% (111 isolates) and
53% (75 isolates). Totally, from 141 positive phenotypic
isolates, 121 isolates were considered positive using
PCR method as ESBL. Frequencies of the presence
of the evaluated genes were provided in Table 6. In
the present research, among 141 positive phenotype
isolates, 75 isolates had blaCTXM-15, and 65 isolates
had both genes of blaCTX-M and blaCTX-M15. In the
conducted research by Safari e /. in Arak city from the
350 isolates belonging to the evaluated Enferobacteriaceae
family 154 phenotype isolates became positive that
the frequencies of encoder genes of beta-lactamase
enzyme of CTXM-1, CTXM-2, CTXM-8, and CTX-M-9
were, respectively, obtained 92%, 25%, 17.5%, and
38.3%0.P)

The obtained results from antibiogram in the phenotypic
method of combination disc and obtained results from
PCR in genotypic result were evaluated using SPSS
software. Based on this, the genotypic and phenotypic
relationship was evaluated between each strain that its

M1 2 345678 9101112

{

Figure 2: Results of polymerase chain reaction for blaCTX-M with
590 bp band compared with marker 100 bp. Product of polymerase
chain reaction, M: Marker, sink 1: Negative control, sink 2: Positive
control (Klebsiella pneumoniae ATCC 700603), sinks 4, 6, 7, 8, and 3:
Positive samples sink 9 and 10 negative samples in terms of blaCTX-M

final result for all isolates for antibiotics of cefotaxime and
ceftazidime were mentioned in Tables 7 and 8. It shows
that in isolates that do not have the studied genes, number
of sensitive isolates is more and in isolates that have the
intended genes number of the resistant isolates is more
that show relationship of existence of gene to antibiotic
resistance.

This replacement not only is due to excessive transfer and
release of the mentioned genes because of mobile genetic
factors but also another cause of thatis placement of these
genetic platforms on the clones that the simultaneous

CTX-M
Have 57 (51) 51 (46) 0.537
Do not have 41 (36.9) 92 (32.6)

CTX-M-15
Have 47 (62.6) 31(41.3) 0.041*
Do not have 51(77.2) 113 (6603)

*Positive significant relationship

CTX-M 0.048*
Have 64 (57.6) 44 (39.6)
Do not have 40 (36) 90 (81)

CTX-M-15 0.038*
Have 51 (68) 27 (36)
Do not have 54 (81) 111 (59.4)

*Positive significant relationship

Figure 3: Results of polymerase chain reaction gene of blaCTX-M
885 bp bond compared with marker 100 bp product of polymerase chain
reaction, M: Marker, sink 1: Positive control (Klebsiella pneumoniae
ATCC 700603), sinks 2—9: Positive samples and sink 3: Negative
samples in terms of gene 15 blaCTX-M with size of 885 bp
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Table 9: Antibiotic sensitivity pattern of 240 different isolates of Enterobacteriaceae to used antibiotics

Antibiotics (ng) Total, n (%) Escherichia coli (n=182), Klebsiella (n=39), Enterobacter (n =2), Proteus (n=4), Citrobacter (n=13),
n (%) n (%) n (%) n (%) n (%)
Ceftazidime (30) 94 (39) 71(39) 18 (46 1(50) 0 4 (31)
Cefotaxime (30) 103 (43) 77 (43) 19 (49 1(50) 1(25) 5(38)
Ceftriaxone (30) 100 (42) 74 (40.3) 20 (51 1(50) 1(25) 5(38)
Aztreonam (30) 91(38) 66 (36) 19 (49 1(50) 0 5(38)
Ampicillin (30) 210 (88) 157 (86) 37 (95) 2 (100) 3(75) 11 (85)
Ciprofloxacin (5) 90 (37.5) 67 (36.6) 17 (44) 1(50) 1(25) 4 (31)
Amikacin (30) 2 (0.54) 3(8) 0 0 1(7.6)

resistance to other antibiotics such as fluoroquinolones and
aminoglycosides is their specifications. This issue causes
more resistance of them by antibiotics. Among enzymes of
CRX-M, producingisolates of CTX-M15 enzymes because
of their ability to create infection among humans and
animals and have been reported from the entire world have
special importance.

The obtained results from the present research showed that
the outbreak of ESBL enzymes and antibiotic resistance to
antibiotics of ESBL among the separated Enferobacteriaceae
isolates from the clinical samples of Khorramabad city is
high that this issue has made the antibiotic resistance a big
concern. Therefore, policies of prescription of antibiotics
and infection control in hospitals should be reviewed. It
should be noted that the mechanism action and the resistant
pattern are different in various bacteria.l’

DISCUSSION

Members of Enterobacteriaceae family make wide range of
infections such as infections of the gastrointestinal tract,
urinary tract, and septicemia.™ Nowadays, the producing
Enterobacteriaceae of ESBLs have been propounded as
a major problem in medical bacteriology because their
treatment is very difficult and also controlling the made
infections by them face some difficulties in hospital.
According to this issue that the outbreak of infections
due to generating Enterobacteriaceae of beta-lactamase is
increasing in whole world and Iran.*! Hence, in the
present research that was conducted in time interval of
March to July in 2014 in Khorramabad city, on 240 isolates
belonging to Eunterobacteriaceae family, the relative
frequency of types of the separated bacteria belonging
to Enterobacteriaceae family, the antibiotic resistance pattern
in them, frequency of generating isolates of ESBLs
enzymes in the phenotypic method of combination disc,
and finally frequency of the presence of blaCTX-M and
blaCTX-M-15 in positive phenotypic isolates by using
PCR method were evaluated.

Based on the obtained results in the present research,
from 240 isolates belonging to Ewnferobacteriaceae family,

the maximum frequency, respectively, belonged to E. co/i
with 76% (182 isolates), K. pneumoniae 16.2% (39 isolates),
Citrobacter 5.4% (13 isolates), P. mirabilis 1.6% (4 isolates),
and Ewnterobacter 0.83% (2 isolates).

The obtained results from the determination of antibiotic
sensitivity pattern in the separated isolates showed that
the maximum antibiotic resistance of different isolates
of Enterobacteriaceae was related to ampicillin (88%)
and cefotaxime (43%) while the minimum antibiotic
resistance of isolates was related to amikacin with
the resistance value of 2.5%. In the present research,
values of resistance to cefotaxime and ceftazidime were,
respectively, equal to 43% and 39% that are higher
compared with research of Nijssen e o/l and Jones
et al'® with value of 18.7% and 10%. The resistance
values to cefotaxime and ceftazidime were 44% and
42% in the conducted research by Mousavian ef al. on
the isolates of Enterobacteriaceae which are consistent with
the present research. Antibiotic sensitivity pattern of 240
different isolates of Enterobactetiaceae to used antibiotics
was indicates in Table 9.7

The obtained results from the phenotypic method of
combination disc in the present research showed that
from 240 isolates of Enterobacteriaceae, 59% were generator
of ESBLs which their maximum was E. co/i 74% and the
minimum case was Ewnterobacter (2%). In fact, among 94
resistant isolates to ceftazidime 70 isolates and among
103 resistant isolates to cefotaxime the 84 isolates were
phenotypically generator of ESBLs. This issue shows
that existence of ESBL enzymes has higher importance
in the creation of bacterial resistance to cephalosporins
compared with other resistance mechanisms such as loss
of purines of the outer membrane in Gram-negative
bacteria.®™ In the present research, the maximum isolates
that were identified as positive phenotype according to the
results of phenotypic method were E. co/i types that from
182 isolates, 108 isolates (60%0) were positive phenotype.
The outbreak of generating isolates of ESBLs is different
in different cities of Iran so thatin the conducted research
by Ghafourian ez a/*” from 288 separated K. pnenmoniae
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isolates from the clinical samples of hospitals in cities
of Tehran, Ilam, and Tabriz, were, respectively, 50.7%,
39.4%, and 45.8% were generator of ESBLs.P” In another
conducted research by Mousavian ef a/. in Dezful city, the
frequency of generating Enterobacteriaceae of ESBLs was
obtained 30.5% that its outbreak in isolates of K. preunoniae
and E. co/i has been, respectively, reported 45.4% and
28.8%. In another conducted research by Zaniani ez /"
in Mashhad city, 43.9% of E. co/i isolate, and 56.1% of
K. pneumonia isolates were producers of beta-lactamase that
also in this research, 74% of E. coli and 17% of Klebsiella
were producers of beta-lactamase which are consistent
with this research. Also in the research of Feyzabadi
et alP? among the 104 separated K. preumonia from four
hospitals in Tehran city, 72.1% of isolates were producers
of enzymes of ESBLs. In the conducted research by
Gholipour ¢# a/’ in Isfahan city from 245 isolates of E. coli
107 isolates (43.6%) and from 55 isolates of Klebsiella 21
isolates (38%) became positive phenotype. In a conducted
research by Mousavian e/ 2/ in Ahwaz city from 240
separated isolates from different clinical samples, value of
outbreak of generating strains of ESBLs using phenotypic
method of combination disc was obtained 45%. So that,
the isolates of Klebsiella with 66.6% had the maximum
frequency, and after that were respectively E. co/7 with 46%
and Enterobacter with 41.5%.

Values of outbreak of types of generating Enterobacteriaceae
of ESBLs in other countries such as European countries
are different from country to another country so that the
value of isolates of ESBLs in Germany in two bacteria of
E. coli and K. pneumonia has been reported 1.5% while these
enzymes in the separated isolates from Russia, Poland, and
Turkey has been reported 39%— 47%.°4

The difference in outbreak of ESBLs in Enterobacteriaceae
in various parts of Iran and the world may be due to
different causes such as the consumption pattern of
antibiotics, especially extended-spectrum cephalosporins,
amount of consumption, and difference in time of
collecting isolates.'” In the present research from
141 isolates of positive phenotype, Enterobacteriaceae
121 isolates (85%) had genes of blaCTX-15 and
blaCTX-M that totally forms 50.4% of whole isolated
bacteria from clinical samples.

The most isolates that had this genotype were strains of
E. coli (94 isolates), K. pnenmonia (16 isolates), Citrobacter
(7 isolates), Protens (2 isolates), and Enterobacter (2 isolates).
The 20 positive phenotype isolates did not have these two
genes that probably have other ESBL enzymes such as
TEM or SHV or other enzymes.F"

The encoder genes of beta-lactamase enzymes of
blaCTX-M are transferred among bacteria by mobile
genetic factors such as plasmids and transposons.’ Studies
in the last recent years apart from a few exceptions have
shown that encoder genes of blaCTX-M enzymes have
been approximately replaced to the other enzymes of ESBL
in Enterobacteriaceae.

This replacement not only is due to excessive transfer and
release of the mentioned genes because of mobile genetic
factors but also another cause of that is the placement of
these genetic platforms on the clones that the simultaneous
resistance to other antibiotics such as fluoroquinolones and
aminoglycosides is their specifications. This issue causes
more resistance of them by antibiotics. Among enzymes of
CRX-M, producing isolates of CTX-M15 enzymes because
of their ability to create infection among humans and
animals and have been reported from the entire world have
special importance.

In the present research, among 141 positive phenotype
isolates, 75 isolates had blaCTXM-15, and 65 isolates
had both genes of blaCTX-M and blaCTX-M15. In
the conducted research by Safari e a/. in Arak city
from the 350 isolates belonging to the evaluated
Enterobacteriaceae family, 154 phenotype isolates became
positive that the frequencies of encoder genes of
beta-lactamase enzyme of CTXM-1, CTXM-2, CTXM-8,
and CTX-M-9 were respectively obtained 92%, 25%,
17.5%m and 38.3%.P

The obtained results from the present research showed
that the outbreak of ESBL enzymes and antibiotic
resistance to antibiotics of ESBL among the separated
Enterobacteriaceae isolates from the clinical samples of
Khorramabad city is high that this issue has made the
antibiotic resistance a big concern. Therefore, policies
of prescription of antibiotics and infection control in
hospitals should be reviewed. It should be noted that the
mechanism action and the resistant pattern are different
in various bacteria.l”

CONCLUSION

According to high capability of isolates belonging to
Enterobacteriaceae family to achieve resistance to various
antibiotics, the continuous monitoring should be conducted
to evaluate changes related to antibiotic sensitivity pattern
in these bacteria. In addition, it is suggested that in the
future researches typing methods be used to find genetic
relation between resistant isolates and to find the source
of infection in hospitals.

International Journal of Pharmaceutical Investigation | Volume 7 | Issue 2 | April-June 2017 67



Mosavian and Rezvani-Rad: Determining frequency of genes of CTX-M and CTX-M-15

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

68

Amanpour R, Abbasi-Maleki S, Neyriz-Naghadehi M, Asadi-Samani M.
Antibacterial effects of Solanum tuberosum peel ethanol extract in vitro.
J Herbmed Pharmacol 2015;4:45-8.

Sharafati-Chaleshtori R, Rafieian-Kopaei M. Screening of antibacterial
effect of the Serophularia striata against E. coli in vitro. | Herbmed
Pharmacol 2014;3:31-4.

Gupta A, Chaphalkar SR. Anti-inflammatory and anti-microbial
activities of aqueous leaves extract of Bufea frondosa. ] Herbmed
Pharmacol 2016;5:85-8.

Bagheri N, Taghikhani A, Rahimian G, Salimzadeh L,
Azadegan Dehkordi F, Zandi F, ¢ al. Association between virulence
factors of helicobacter pylori and gastric mucosal interleukin-18 mRNA
expression in dyspeptic patients. Microb Pathog 2013;65:7-13.
Salimzadeh L, Bagheri N, Zamanzad B, Azadegan-Dehkordi I,
Rahimian G, Hashemzadeh-Chaleshtori M, ¢ al. Frequency of
virulence factors in Helicobacter pylori-infected patients with gastritis.
Microb Pathog 2015;80:67-72.

Rahimian G, Sanei MH, Shirzad H, Azadegan-Dehkordi F,
Taghikhani A, Salimzadeh L, ez /. Virulence factors of Helicobacter pylori
vacA increase markedly gastric mucosal TGF-B1 mRNA expression
in gastritis patients. Microb Pathog 2014;67-68:1-7.

Bagheri N, Rahimian G, Salimzadeh L., Azadegan I, Rafieian-Kopaei M,
Taghikhani A, ¢z al. Association of the virulence factors of Helicobacter
pylori and gastric mucosal intetleukin-17/23 mRNA expression in
dyspeptic patients. EXCLI ] 2013;12:5-14.

Sharafati-Chaleshtori R, Rokni N, Rafician-Kopaei M, Drees F,
Salehi E. Antioxidant and antibacterial activity of Basil (Ocimum
basilicum 1..) essential oil in beef burger. | Agric Sci Technol Iran
2015;17:817-26.

Bagheri N, Azadegan-Dehkordi E, Sanei H, Taghikhani A, Rahimian G,
Salimzadeh L, e/ al. Associations of a TLR4 single-nucleotide
polymorphism with H. pylori associated gastric diseases in Iranian
patients. Clin Res Hepatol Gastroenterol 2014;38:366-71.

Seif F, Khoshmirsafa M, Mousavi M, Beshkar P, Rafeian-Kopaei M,
Bagheri N, ¢ al. Interleukin-21 receptor might be a novel therapeutic
target for the treatment of theumatoid arthritis. ] Exp Clin Med
2014;6:57-61.

Bagheri N, Azadegan-Dehkordi F, Shirzad H, Rafieian-Kopaei M,
Rahimian G, Razavi A. The biological functions of 1L-17 in different
clinical expressions of Helicobacter pylori-infection. Microb Pathog
2015;81:33-8.

Bahmani M, Rafieian-Kopaei M, Parsaci P, Mohsenzadegan A. The
anti-leech effect of Peganum harmala 1.. extract and some anti-parasite
drugs on Limmnatis nilotica. Afr | Microbiol Res 2012;6:2586-90.
Escudero E, Vinué L, Teshager T, Torres C, Moreno MA. Resistance
mechanisms and farm-level distribution of fecal Escherichia coli isolates
resistant to extended-spectrum cephalosporins in pigs in Spain. Res
Vet Sci 2010;88:83-7.

Falagas ME, Karageorgopoulos DE. Extended-spectrum
beta-lactamase-producing organisms. | Hosp Infect 2009;73:345-54.
Tzouvelekis LS, Tzelepi E, Tassios PT, Legakis NJ. CTX-M-type
beta-lactamases: An emerging group of extended-spectrum enzymes.
Int ] Antimicrob Agents 2000;14:137-42.

Mirzaee M, Owlia P, Mansouri S. Distribution of CTX-M P-lactamase
genes among Ficherichia coli strains isolated from patients in Iran. Lab
Med 2009;40:724-7.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Zhao WH, Hu ZQ. Epidemiology and genetics of CTX-M
extended-spectrum B-lactamases in Gram-negative bacteria. Crit Rev
Microbiol 2013;39:79-101.

Ghafourian S, Bin Sekawi Z, Sadeghifard N, Mohebi R,
Kumari Neela V, Maleki A, ¢z al. The prevalence of ESBLs producing
Klebsiella pnenmoniae isolates in some major hospitals, Iran. Open
Microbiol J 2011;5:91-5.

Mahon CR, Lehman DC, Manuselis G Jr. Textbook of Diagnostic
Microbiology. 5 ed. Saunders: Elsevier Health Sciences; 2014.
Watts JL, Clinical & Laboratory Standards Institute. Performance
Standards for Antimicrobial Disk and Dilution Susceptibility Tests
for Bacteria Isolated from Animals: Approved Standard: National
Committee for Clinical Laboratory Standards; 2008.

Woodford N, Ward ME, Kaufmann ME, Turton |, Fagan EJ, James D,
et al. Community and hospital spread of Escherichia coli producing
CTX-M extended-spectrum beta-lactamases in the UK. ] Antimicrob
Chemother 2004;54:735-43.

Mirsalehian A, Akbari NF, Peymani A, Kazemi B, Jabal AF,
Mirafshar S. Prevalence of extended spectrum f-lactamase-producing
Enterobacteriaceae by phenotypic and genotypic methods in Intensive
Care Units in Tehran, Iran. Daru 2008;16:169-73.

Park Y], Yu JK, Park KG, Park YG, Lee S, Kim SY, ¢/ al. Prevalence
and contributing factors of nonsusceptibility to imipenem
or meropenem in extended-spectrum f-lactamase-producing
Klebsiella pnenmoniae and Escherichia coli. Diagn Microbiol Infect Dis
2011;71:87-9.

Paterson DL, Bonomo RA. Extended-spectrum beta-lactamases: A
clinical update. Clin Microbiol Rev 2005;18:657-86.

Nijssen S, Florijn A, Bonten MJ, Schmitz FJ, Verhoef |, Fluit AC.
Beta-lactam susceptibilities and prevalence of ESBL-producing
isolates among more than 5000 European Enferobacteriaceae isolates.
Int ] Antimicrob Agents 2004;24:585-91.

Jones RN, Biedenbach DJ, Gales AC. Sustained activity and spectrum
of selected extended-spectrum beta-lactams (carbapenems and
cefepime) against Enterobacter spp. and ESBL-producing Klebsiella
spp.: Report from the SENTRY antimicrobial surveillance program
(USA, 1997-2000). Int ] Antimicrob Agents 2003;21:1-7.

Mousavian SM, Ahmad Khosravi N, Shoja S. Survey of frequency in
extended-spectrum beta lactamase producing Enferobacteriaceae and
determination of the antibiotic resistant pattern in clinical specimens
in teaching hospitals of Ahvaz Jundishapur university of medical
sciences. Jundishapur Sci Med | 2013;13:191-9.

Pages JM, Lavigne JP, Leflon-Guibout V, Marcon E, Bert F, Noussair L,
¢t al. Efflux pump, the masked side of beta-lactam resistance in Klebsiella
preumoniae clinical isolates. PLoS One 2009;4:¢4817.

Ghafourian S, Sekawi Z, Neela V, Khostravi A, Rahbar M, Sadeghifard N.
Incidence of extended-spectrum beta-lactamase-producing Klebsiella
preumoniae in patients with urinary tract infection. Sao Paulo Med ]
2012;130:37-43.

Karimi A. Determination of CTX-M genes in Enterobacteriaceae
producing extended-spectrum beta-lactamase using PCR method.
J Shahrekord Univ Med Sci 2011;13:9-17.

Zaniani FR, Meshkat Z, Naderi Nasab M, Khaje-Karamadini M,
Ghazvini K, Rezace A, et al. The prevalence of TEM and SHV
genes among extended-spectrum beta-lactamases producing
Escherichia coli and Klebsiella pneumoniae. 1ran | Basic Med Sci
2012;15:654-60.

Feizabadi MM, Delfani S, Raji N, Majnooni A, Aligholi M,
Shahcheraghi F, ¢ a/. Distribution of bla(TEM), bla(SHV), bla(CTX-M)
genes among clinical isolates of Kiebsiella pnenmoniae at Labbafinejad
Hospital, Tehran, Iran. Microb Drug Resist 2010;16:49-53.
Gholipour A, Soleimani N, Shokri D, Mobasherizadeh S, Kardi M,
Baradaran A. Phenotypic and molecular characterization of
extended-spectrum B-lactamase produced by Escherichia coli, and
Klebsiella pnenmoniae isolates in an educational hospital. Jundishapur |
Microbiol 2014;7:¢11758.

International Journal of Pharmaceutical Investigation | Volume 7 | Issue 2 | April-June 2017



34.

35.

36.

Mosavian and Rezvani-Rad: Determining frequency of genes of CTX-M and CTX-M-15

Hoseinzadegan H, Hassani A, Azadpoor M, Soleimannezhad S,
Mohamadi FE. Screening of extended spectrum beta lactamase
producing gram negative bacilli isolated from clinical cases. Med Lab
] 2007;1:60.

Safari M, Shojapour M, Akbari M, Pourbabaece A, Abtahi H.
Dissemination of CTX-M-Type beta-lactamase among clinical isolates
of Enterobacteriaceae in Markazi Province, Iran. Jundishapur | Microbiol
2013;6:7182.

Canton R, Gonzilez-Alba JM, Galan JC. CTX-M enzymes: Origin and

37.

38.

diffusion. Front Microbiol 2012;3:110.

Tollentino FM, Polotto M, Nogueira ML, Lincopan N, Neves P,
Mamizuka EM, e al. High prevalence of bla(CTX-M) extended spectrum
beta-lactamase genes in Klebsiella pnenmoniae isolates from a tertiary care
hospital: First report of bla(SHV-12), bla(SHV-31), bla(SHV-38), and
bla(CTX-M-15) in Brazil. Microb Drug Resist 2011;17:7-16.

Rossolini GM, D’Andrea MM, Mugnaioli C. The spread of
CTX-M-type extended-spectrum beta-lactamases. Clin Microbiol
Infect 2008;14 Suppl 1:33-41.

International Journal of Pharmaceutical Investigation | Volume 7 | Issue 2 | April-June 2017 69



