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ABSTRACT
Background & Objectives: Extended-spectrum-B-lactamase (ESBL)-producing strains of Klebsi-
ella Pneumonia are an important cause of many serious infections in hospitalized and nonhospi-
talized patients and delayed treatment of these infections in crease chance of death in patients. 
This study was performed to determine the prevalence of ESBL-producing K. Pneumonia and to 
evaluate the frequency of TEM and SHV genes among the clinical samples.
Methods: One hundred and thirty isolates of K. Pneumonia were collected at Imam Reza Hospital 
in Mashhad (Iran) from May 2011 to July 2012. ESBL production was determined by the double 
disk diffusion (DDs) test. PCR method was used to detect TEM and SHV genes.
Results: Of 130 patients with K. pneumonia infection 28 were out-patients and 102 hospitalized pa-
tients. The most specimens was urine samples (n=25 in out-patients, n=39 in hospitalized patients, 
totally 49.2%) followed by wound samples (n=3 in out-patients, n=21 in hospitalized patients, to-
tally 21.5%), blood samples (n=19 in hospitalized, 14.6%). The prevalence of ESBL producing K. 
pnemoniae was estimated 43% (n=56) including three of ESBLs positive isolates from out-patients 
and 53 from hospitalized patients. Of 56 ESBLs positive isolates, 44(87.54%) TEM, 39(69.64%) 
SHV and in 27 cases (48.21%) both TEM and SHV were detected. 
Conclusion: A high prevalence of ESBL-producing K. Pneumonia among the hospital isolates ob-
tained of urinary followed by blood and wound samples were documented. The majority of them 
carried both TEM and SHV genes. Results of this study alarm for the physicians because treat-
ment and control nosocomial infections for them were difficult. 
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Introduction

Extended-spectrum-B-lactamase (ESBL)-
producing strains of Klebsiella Pneumo-
nia are an important cause of many se-

rious infections such as urinary tracts infections 
(UTIs), pneumonia, liver abscess and wound in-
fections in hospitalized and nonhospitalized pa-
tients. Infections with K. pneumonia are mostly 
acquired in a hospital or are happened in patients 
with diverse underlying diseases such as diabetes 
mellitus (1). 

K. Pneumonia is one of the most common organ-
isms which carries plasmids encoding extended- 
spectrum B-lactamases (ESBLs). Bacterimia 
with such strains is associated with higher rates 
of treatment failure and death (2). ESBLs produc-
ing K. Pneumonia are susceptible to carbapen-
ems such as imipenem and meropenem. Both 
antibiotics are administered for the treatment of 
ESBLs producing K. Pneumonia. Recent con-
cern is the emergence of strains which are resis-
tant to imipenem(3). Acquiring the plasmid type 
of beta-lactamases TEM1,2 and SHV1 genes and 
chromosomal type of SHV1 gene in K. Pneumo-
nia with low level resistance to penicillins may 
cause high level resistance to these antibiotics (4) 
which these plasmids are easily transferred be-
tween bacteria. In a study in Turkey, prevalence 
of TEM and SHV genes in Enterobactericeae 
was reported 52.7% and 74.3%, respectively (5). 
In a similar study in India in 2010, of 25 ESBL-
producing K. Pneumonia isolates 15 case (60%) 
had TEM gene and 18 case (72%) had SHV 
gene(6).In another study in Venezuela in 2011, 
the prevalence of ESBL-producing K. Pneumo-
nia in hospital infections was reported 56.6% (7).

The aim of this study was to evaluate the 
prevalence of ESBL-producing K. Pneumonia 
and to determine the frequency of TEM and SHV 
genes among the clinical samples.

Materials and Methods
Isolation Specimens
This cross-sectional study was carried out at the 
Imam Reza Hospital in Mashhad (Iran). Proposal 
has been approved by the regional Ethics 
Committee. One hundred and thirty samples of 
K. Pneumonia were collected from the hospital 
and its associated clinic from May 2011 to July 
2012. Presence of K. Pneumonia species were 
confirmed by gram staining growth on blood 
agar, Mac conky agar oxidase test, catalase and 
growth on TSA, SIM (sulfide-in dole-motility), 
LIA, urea and Simon citrate media (8).

Detection of ESBL Production
Phenotypic production ESBL was determined by 
the double disk diffusion (DDS) test according 
to clinical and Laboratory Standards Institute 
(CLSI) guideline. Briefly bacterial suspension in 
concentration of 0.5 MF (Mac Farland standard 
1.5×108cfu/ml) was prepared in Brain-Heart 
broth media. Bacterial suspension was spread 
with sterile swab on a Muller-Hinton agar 
plate. Cefotaxim (30 µg) disk and cefotaxim 
(30µg)/ clavulanate (10µg) disk 25-30 mm apart 
(Center to Center) was placed on the media for 
ceftazidime (30µg); ceftazidime/ clavulanate 
(30/10 µg) and cepodoxim (30 µg); cepodoxime 
plus clavulanic acid (30/10µg) disks (Mast.uk) 
are acting similarly. The plates were incubated 
for 18-24 h at 37 ºC. A ≥ 5-mm increase in a zone 
diameter for either antimicrobial agent tested in 
combination with clavulanic acid vs. its zone 
when tested alone indicated ESBL production 
(9). 

DNA Extraction
2-3 colonies of the bacteria were suspended 
in 500µL of double distilled water (DDW). 
Suspensions were boiled for 15 min and were 
then centrifuged at 5000 rpm for 10 min at room 
temperature. Supernatant was transferred to a 
new micro tube and were stored at 20ºC (10). 
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Multiplex PCR
A fragment of471bp SHV gene was amplified 
by Specific Primer: Forward 5´-TCA GCG AAA 
AAC ACC TTG-3 and Reverse5´- CCC GCA 
GAT AAA TCA CCA -3´ and 861bp TEM gene 
was amplified by forward primer 5´-GAG TAT 
TCA ACA TTT CCG TGT C-3´ and Reverse 
5´-TAA TCA GTG AGG CAC CTA TCT C-3´.
In our previous study, the PCR primers were de-
signed by aligning nucleotide sequences of TEM 
and SHV variants downloaded of the NCBI/
GenBank database in mega5 software for find-
ing conserved sequences; then the conserved 
sequences were used in GenRunner& DNA-
MAN softwares for designing the primers. For 
evaluating the designed primers, the amplified 
fragments were sequenced and registered to 
GenBank (Accession: GU338981.1; Accession: 
GU338980.1; Accession: GU338979.1; Acces-
sion: GU338986.1; Accession: GU338985.1; Ac-
cession: GU338984.1; Accession: GU338983.1; 
and Accession: GU338982.1). The blaTEM and 
SHV genes were amplified under the following 
conditions: initial denaturing of 95°C for 2 min 
followed by 35 cycles including denaturing of 
91°C for 1 min, annealing of 52°C for 30 s, and 
extension of 72°C for 1 min; the cycles were fol-
lowed by a final extension of 72°C for 5 min. 
The amplification fragments were visualized on 
1.5% agarose gel stained with ethidium bromide. 
They were photographed using an ultraviolet 
transilluminator. The reaction volume was  25 µl 
and contained 2.5 µl of 10X PCR reaction buffer 
with 1.5 µl MgCl2 (25 mM), 0.8 µl (320 µM) 
deoxynucleoside triphosphates mix (dNTPs, 10 
mM), 1 µl of each primers (10 pm/µl) with 0.1 
µl (5 U/µl) Taq DNA polymerase. One microlitre 
of the prepared template DNA was added to the 
reaction mixture. 
PCR quality control was performed using K. 
Pneumonia GenBank Accession no: GU338979-
84 that in our previous study was sequenced.

Statistical Analysis
Descriptive statistics were used to plot graphs 
and tables.

Results
A total of 130 patients with K. Pneumonia infec-
tion were included. This sample included 28 out-
patients and 102 hospitalized patients. Among 
130 patients with K. Pneumonia infection, the 
most common specimen with this infection was 
urine samples (n=25 in out-patients, n=39 in 
hospitalized patients, totally 49.2%) followed 
by wound samples (n=3 in out-patients, n=21 in 
hospitalized patients, totally 21.5%), blood sam-
ples (n=19 in hospitalized, 14.6%). The preva-
lence of ESBL producing K. Pneumonia was es-
timated 43% (n=56). Characteristics of patients 
with infections caused by ESBLs producing K. 
Pneumonia and non-ESBLs producing K. Pneu-
monia are shown in Table 1.

Table 1- Characteristics of patients with infections 
caused by ESBL-positive K. Pneumonia and 

ESBL-negative K. pneumonia isolates

Patient
characteristics

ESBL+

N=56
ESBL-

N=74
Total

N=130
Gender

23 42 65Female
Male 33 32 65

Referral
3 25 28Out-Patients

Hospitalized 53 49 102
Source samples

24 40 64Urine

Wound 8 15 23

Blood 12 7 19
Respiratory 
Secterctions

6 1 7

Other samples 6 11 17

Average age 34 43 39

*ESBL: Extended-spectrum-B-lactamase 
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Fig. 2: Antibiotic resistance profile of ESBL- K. Pneumonia and non ESBL- K. Pneumonia isolates.

Our findings showed that of the total of 56 ESBL 
positive samples, 17 (30.4%) had TEM and 12 
(21.4%) had SHV genes. While 27 (48.2%) 
carried both gene TEM and SHV (Fig. 1).
Comparison patterns of resistance to antibiotics 

amikacin, ciprofloxacin, co-trimoxazol, genta-
micin, meropenem and imepenem among ESBLs 
producing K. Pneumonia and non- ESBLs pro-
ducing K. Pneumonia are shown in Fig. 2.

Fig. 1: PCR results for SHV and TEM genes. Lane numbers 1-4, 6 ,8 ,9 ,12-14 and 16 showed a 471bp 
fragment of SHV gene. Lane numbers 1, 2, 4-12, 14-16 showed a 861bp fragment of TEM gene. Lane L 
represents 100bp DNA Ladder. Lane C- : negative control. Lane C+: positive control
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Discussion
K. Pneumonia is important pathogen acquired 
in hospitals and has the potential of causing 
sever disease. B-lactamase production is the 
most critical antibiotic resistance mechanism in 
the pathogen (11). The first paper of plasmid-
encoded B-lactamase was published in 1983 
(12). Broad-spectrum beta-lactamase is able by 
hydrolyzing expanded-spectrum cephalosporins 
lead to resistance to these drugs. Production of 
ESBL was initially reported from Germany and 
France but it was later on discovered in other 
regions of the world (13). This increasing trend is 
a major threat because use of cephalosporins for 
treating infections caused by these strains is not 
satisfactory as a result of the failure-treatment 
and high mortality to follow also in the case of 
epidemic infection control it will be problematic.
Our study estimated the prevalence of ESBLs 

producing K. Pneumonia to be 43%. The prev-
alence of ESBLs producing K. Pneumonia was 
reported from other cities of Iran such as Ilam, 
Tehran and Tabriz as 39.4%, 50.7% and 45.8%, 
respectively (14). A study by Riyahi Zaniani et 
al. in Mashhad in 2010 showed the prevalence 
of 20% for ESBLs producing K. Pneumonia(10). 
According to our results, the prevalence of 
ESBLs producing K. Pneumonia has been incre-
ased in recent years and for the screening of these 
strains has not been properly monitored. In other 
countries such as Saudi Arabia, India, Venezuela, 
Skopje and South Korea a rate of 55%, 66.7%, 
47.6%, 31% and 16.8% was reported, respectively 
these differences are probably due to differences 
in the geographic area (7, 15-18).
 Prevalence of ESBLs producing K. Pneumonia 
isolated from various specimens is summarized 
in Table 2.

Nafiseh Izadi, et al.

Table 2- Prevalence of ESBLs producing K. Pneumonia isolated from various specimens

Place of 
Research References 

Specimens (%)

Aspirates Blood Sputum Purulent Urine Wound
Korea 19 57.1 14.8 - - 35.4 -

Saudi Arabia
20 - 7 - - 57.5 17
21 - 19.5 - - 51.2 22

Thailand 22 - 18.68 30 - 23.78 -

Venezuela 7 - 30.1 - 43.3 - -

Iran Current 
Study 10.7 21.4 - - 42.9 14.3

In our study 51.96% of ESBL+ specimens 
were related to hospitalized patients while only 
10.7% of ESBL+ specimens belonged to out-
patients. In Saudi Arabia, similar to our study, 
ESBLs producing K. Pneumonia had the highest 
prevalence in urine samples (20, 21). However, 
in Thailand, Korea and Venezuela, sputum, 
aspirates and purulent samples, respectively, 
had the highest frequency of ESBLs producing 
K. pneumonia (22, 19, 7). In our study, similar 

to the study performed in Venezuela, ESBLs 
producing K. Pneumonia in blood samples had 
high prevalence while in Korea, Saudi Arabia 
and Thailand, blood samples were third rank 
(Table 2). Detection of ESBLs in these samples 
should be considered further.
The prevalence of TEM and SHV genes was 
reported in studies performed in different regions 
of the world are summarized in Table 3.
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In our study, 44 samples out of 56 ESBL-
positive cases were positive by PCR for TEM 
genes, 39 samples were SHV gene positive and 
in 27 samples, both TEM and SHV genes were 
positive. These results were similar to studies in 
Malaysia, Brazil and India (16, 23- 25). In our 
study, TEM genes among ESBLs producing 
K. Pneumonia showed a higher prevalence 
than SHV genes while in Skopje and Turkey, 
SHV genes were more prevalent.Therefore, the 
distribution pattern of ESBL genes in ESBLs 
producing K. Pneumonia is varies in different 
geographical regions.

Conclusion
A high prevalence of ESBL-producing K. 
Pneumonia among the hospital isolates obtained 
of urinary followed by blood and wound samples 
was documented and the majority of them 
carried both TEM and SHV genes. Almost more 
than 50% of ESBL+ samples were resistant to 
impenem and meroponem. Such strains are a 
threat to the lives of patients. By detection of 
genes encoding ESBLs, drug resistance was 
much faster than methods based culture in order 
to assist the clinician in selecting appropriate 
treatment. It also shows the multi-drug resistance 
(MDR) among K. Pneumonia, which encourages 
the proper administration and use of antibiotics. 
It also raises this issue among hospital personnel 
to be aware of the possibility of the transmission 
of such bacterial strains.
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