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Introduction

Abstract

Introduction: Nosocomial infections are primarily caused by Klebsiella bacteria,
which lead to an increase in healthcare costs and the mortality rate. Concerning
the alarming increased antibiotic resistance of Klebsiella species, the purpose of this
study was to compare the frequency and determine the antibiotic resistance pattern
of Klebsiella species isolated from nosocomial infections using Kirby Bauer method.
Methods: This study was done on 80 specimens of Klebsiella isolates from 480
hospitalized patients in three different units of Khorramabad Shohadaye Ashayer
hospital. After determining the bacterial species, antibiotic-resistance test of Klebsiella
species was performed for 15 antibiotics using the disk diffusion method. The results
were recorded based on Clinical and Laboratory Standards Institute (CLSI) standard
guidelines.

Results: The frequency rates of Klebsiella species were determined as follows:
Klebsiella pneumoniae (91%), Klebsiella oxytoca (5%), Klebsiella rhinoscleromatis (3%),
and Klebsiella ozaenae (1%). The frequency of Klebsiella species on the basis of sources
of infection and type of sample respectively were: urine (42%), lung and sputum
(36%), wound (15%), blood (6%), and cerebro-spinal fluid (CSF) (1%). The resistance
of all Klebsiella species to studied antibiotics were respectively as follows: ceftriaxone
(92%), ciprofloxacin (82%), nitrofurantoin (80%), ofloxacin (75%), cefotaxime
(70%), imipenem (67%), ticarcillin (66%), nalidixic acid (60%), gentamicin (52%),
azithromycin (40%), cefepime (31%), polymyxin B (22%), colistin (17%), amikacin
(7%), and meropenem (1%).

Conclusion: According to the obtained results, meropenem and amikacin with the
lowest resistance are the most effective antibiotics against all Klebsiella strains, and
although ceftriaxone antibiotic does not help in the treatment of Klebsiella infections,
but it may cause antibiotic resistance.
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Nosocomial infection is among the most difficult prob-
lems confronting physicians and patients (1). This infec-
tion is caused two days after hospital admission or within
two days after hospital discharge (2). Almost all patho-
genic bacteria have the potential to cause infection in hos-
pitalized patients, but only limited number of both gram-
positive and gram-negative bacteria cause the majority of
nosocomial infections (3).

Gram-negative bacteria bacilli cause the four most fre-
quent types of nosocomial infections, including Pneumo-
nia, Surgical Site Infections (SSI), Urinary Tract Infection
(UTI), and Blood Stream Infections (BSI) (4). Klebsiella
species isolated from different infections, the most com-
mon and important species of which is Klebsiella pneu-
monia, are Pathogenic bacteria that cause urinary tract

7% of nosocomial infections caused by bacteria (5). Some
Klebsiella bacteria are found naturally in the human diges-
tive tract and in some cases, such as immune deficiency,
can cause deadly diseases (6).

Klebsiella bacteria are gram-negative, medium rod-shaped,
non motile, facultative aerobic and anaerobic Fermenta-
tive, catalase positive, Lactose negative, reducing nitrate
to nitrite, mucoid growth and have a large polysaccharide
capsule (6,7). Reports suggested that Klebsiella is emerg-
ing worldwide and has become a serious threat to human
health by causing endemic and epidemic infections (8).
Klebsiella pneumoniae, Klebsiella granulomatis, and Kleb-
siella oxytoca are three species of the genus Klebsiella in
which K.granulomatis is almost an unknown bacterium
and it is also called Calymmatobacterium granulomatis.



http://creativecommons.org/licenses/by/4.0

Babakhani et al.

The other two species of the genus Klebsiella by the names
of Klebsiella rhinoscleromatis and Klebsiella ozaenae cause
infection in the lungs and are considered as subspecies of
Klebsiella pneumoniae (9).

Today, not only great progress has been made in ap-
proaches to treat the infections, but also some advance-
ment have been made in the production of powerful an-
tibiotics. Therefore, most bacteria have become resistant
against these antibiotics. This has made the treatment of
infectious diseases very difficult (10). Now we are facing a
challenge due to the development of antibiotic resistance
in Klebsiella species and the production of multidrug-re-
sistant strains improvement from hospital-acquired infec-
tions (11). In 1980, the resistance of Klebsiella strains to
the cephalosporins such as oxyimino beta-lactams (ceftri-
axone, ceftazidime, cefotaxime) was reported and record-
ed for the first time and since then Klebsiella bacteria are
more resistant to antibiotics (12).

Klebsiella pneumoniae carbapenemase (KPC) has be-
come resistant against nearly all antibiotics, but it shows
sensitivity to colistin antibiotic, however unfortunately,
in recent years as a consequence of the increased use of
colistin, K.pneumoniae has become resistant to this anti-
biotic. Reports such as colistin-resistant K.pneumoniae
ST258 isolated in Italy support this matter (13). Klebsi-
ella bacteria were so resistant to antibiotics that the first
meropenem-resistant and imipenem-resistant strains of
K.pneumoniae were reported in 2001 (14). Serotyping of
Klebsiella species is performed on the basis of the classifi-
cation of capsular antigens or specifications O, K antigens.
Capsule typing method is difficult and time-consuming
and requires expensive anti-capsular antiserum that is not
much available (15).

The purpose of the present study was to determine the an-
tibiotic resistance pattern of Klebsiella spp. isolated from
nosocomial infection in Khorramabad Shohadaye Ashay-
er hospital using Kirby Bauer Disk Diffusion (KBDD)
method. This study tends to determine the most effective
antibiotic against Klebsiella species and help physicians,
patients, and hospitals to reduce the mortality rates from
nosocomial infections caused by Klebsiella species and
also to reduce healthcare costs.

Methods

This descriptive study was performed on 480 clinical sam-
ples isolated from hospitalized patients in Khorramabad
Shohadaye Ashayer hospital during April to September
2013.

The clinical samples (urine, blood, wound, sputum and
lung, and Cerebrospinal Fluid (CSF)) were collected from
Intensive Care Unit (ICU), Infectious Unit (IFU), surgical
unit, and they were cultured on blood agar and MacConk-
ey agar (Merck, Merck) media then incubated at 37 °C for
24 hours. Then, differential biochemical tests such as Ure-
ase, Simmons citrate, arginine and ornithine decarboxyl-
ase, Sulfur Indole Motility (SIM), and Triple Sugar Iron
Agar (TSI) were performed on grown colonies suspicious
of Klebsiella bacteria and according to standard tables
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Klebsiella bacteria were identified. Following this stage,
differential biochemical tests, such as Methyl Red (MR),
Voges-Proskauer (VP), urease, and malonate were done
to identify Klebsiella species. After culturing the Klebsiella
colonies on differential media, they were incubated for 24
hours at 37 °C and Klebsiella species were identified in ac-
cordance with standard tables.

The antibiotic resistance of Klebsiella was examined using
KBDD method. After preparing the bacterial suspension
with 0.5 McFarland turbidity standard, some of the sam-
ples were removed using sterile swab and were cultured in
several directions on Mueller-Hinton agar (Himedia) me-
dium. The following antibiotic disks from MAST group
were placed on culture media: cefotaxime (75 pg), cef-
triaxone (30 ug), cefepime (30 ug), ciprofloxacin (5 pg),
ofloxacin (5 pg), polymyxin B (300 U), colistin (10 ug),
gentamicin (10 pg), amikacin (30 pg), imipenem (10 pug),
meropenem (10 ug), nitrofurantoin (300 pg), azithromy-
cin (15 pg), nalidixic acid (30 pg), and ticarcilin (75 ug).
Then plates were incubated at 37 °C for 24 hours.

To examine the resistance rate, the halos diameters cre-
ated around each disk were measured by a ruler and were
recorded as sensitive (S), intermediate (I), and resistance
(R) on the basis of the Clinical and Laboratory Standards
Institute (CLSI) 2013. SPSS v.19 software was used to ana-
lyze the data.

Results

According to the results obtained from 480 samples exam-
ined for nosocomial infections, 80 cases were associated
with Klebsiella, which included 16.6% of the total samples.
Of 80 positive samples, 40 cases (61.3%) and 31 cases
(38.7%) were related to females and males respectively.
The highest number of Klebsiella was isolated from inten-
sive care unit, infectious unit, and surgery unit consecu-
tively. The frequency percentage of Klebsiella in each of
these hospital units is presented in Table 1. The clinical
specimens from which Klebsiella was isolated in order of
frequency were urine, lungs and sputum, wound, blood,
and CSF (Table 2). Klebsiella species in terms of frequency
included pneumoniae, oxytoca, rhinoscleromatis, and ozae-
nae (Table 3). The highest antibiotic resistance in Klebsi-
ella was related, respectively, to ceftriaxone (third genera-
tion cephalosporins) with 74 cases (92.5%) and ciproflox-
acin (fluoroquinolones) with 66 cases (82.5%). This shows
that these antibiotics have no effect on the treatment of
infections caused by Klebsiella. They even increase the an-
tibiotic resistance to Klebsiella. The lowest resistance rate
was associated respectively with meropenem antibiotic
with 1 case (1.2%) and amikacin with 6 cases (7.5%). This
highlights that meropenem is highly effective in treating
Klebsiella infections. Those Klebsiella that were resistant,
intermediate, and susceptible to 15 antibiotics were ex-
amined and the resistance percentage of each antibiotic is
presented in Table 4.

Discussion
In this study of 480 clinical specimens examined for
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hospital-acquired infections, 80 samples (16.6%) were as-
sociated with Klebsiella bacteria. This high frequency of
Klebsiella in nosocomial infections is noticeable. Klebsiella
species are typically resistant to most antibiotics. For this
reason a correct choice and use of antibiotics is impor-
tant for the treatment of Klebsiella infection and even if
recovery is achieved, it is necessary to finish the course
of antibiotics use. Conserning the prevalence of arbitrary
use of antibiotics, it is important to perform tests for de-
termining antibiotic resistance to pathogenic bacteria.
The highest number of Klebsiella was isolated from urine
and the lowest number was related, respectively, to CSF

Table 1. The number and percentage frequency of Klebsiella in
hospital units

Hospital unit Number %
Intensive Care 46 57.5
Infectious 20 25
Surgery 14 17.5

Table 2. The number and percentage frequency of Klebsiella in
different sites of infection

Site of infection Number %
Urine 33 413
Lungs and sputum 29 36.3
Wound 12 15
Blood 5 6.2
CSF 1 12

CSF= Cerebrospinal fluid

Table 3. The number and percentage frequency of Klebsiella species

Klebsiella species Number %
K.pneumoniae 73 91.3
K.oxytoca 4 5
K.rhinoscleromatis 25
K.ozaenae 1 1.2

and blood, demonstrating this bacterium less enters of the
blood and CSE

Based on the results obtained in this study, Klebsiella pos-
sesses high antibiotic resistance. This resistance to imipe-
nem antibiotic is 67%, which is considered a high resis-
tance for Klebsiella. However, regarding two antibiotics of
meropenem and amikacin, the resistance of Klebsiella was
respectively, 1% and 7%, which indicates that these antibi-
otics will act effectively against Klebsiella.

In a study conducted by Soltan Dalal et al in Imam Kho-
meini hospital in Tehran, the frequency rate of Klebsiella
in nosocomial infections was reported 25%. This is an
indication of the high presence of this bacterium in hos-
pital-acquired infections. In line with the present study,
K.pneumoniae had the highest frequency rate (94%) and
K.ozaenae and K.rhinoscleromatis had the lowest frequen-
cy rate among Klebsiella species. Soltan Dalal et al report-
ed the highest resistance of Klebsiella against amoxicillin
antibiotic (97%) and the lowest resistance against amika-
cin (0%), While Langarizadeh et al in a study on Klebsiella
pneumoniae in urinary tract infections in Tabriz reported
the highest rate of resistance of Klebsiella pneumoniae to
amoxicillin antibiotic (98.61%) and the lowest resistance
to imipenem (20.83%) (16,17). These findings are incon-
sistent with the findings of our study.

In a study carried out by Mohammadimehr et al in Kha-
nevadeh and Golestan hospital in Tehran in 2007, the
highest resistance of Klebsiella was related to amikacin
(96%) and ampicillin (96%), and the lowest resistance
to imipenem antibiotic (8%), cefotaxime/clavulanic acid
(11%), and nitrofurantoin (13%). These results are dif-
ferent from our findings and other studies (18). The in-
vestigation carried out by Al-Shara in Jordan, the highest
susceptibility of Klebsiella pneumoniae was reported for
ciprofloxacin (90.5%) and the lowest susceptibility was
considered for ampicillin (16.6%) and amoxicillin-clavu-
lanic acid (22.5%) (19).

In a study by Sarathbabu et al in 2012, the highest num-
ber of Klebsiella was isolated from urine and the lowest
resistance was against amikacin antibiotic and highest

Table 4. The percentage of resistance and number Klebsiella of resistant, intermediate and susceptible to 15 antibiotics

Name disk Susceptible Intermediate Resistant Resistance %
Cefotaxime 21 3 56 70
Ceftriaxone 2 4 74 92.5
Cefepime 41 14 25 31.2
Ciprofloxacin 11 3 66 82.5
Ofloxacin 18 2 60 75
Polymyxin B 62 - 18 225
Colistin 66 - 14 17.5
Gentamicin 26 12 42 52.5
Amikacin 67 7 6 7.5
Imipenem 22 4 54 67.5
Meropenem 77 2 1 1.2
Nitrofurantoin 14 2 64 80
Azithromycin 42 6 32 40
Nalidixic acid 16 16 48 60
Ticarcilin 18 9 53 66.2
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Table 5. The comparison of antibiogram pattern of Klebsiella species

Antibiotics Present Al-Sharaetal Aminetal Soltandalal Langarizadeh Mohammadimehr Sedighianet Shajarietal.
reaserh % (19) % (20) % etal (16) % etal. (17) % etal (18) % al (21) % (22)
Cefotaxime 70 46 82 - - 88 57 74
Ceftriaxone 92 55 85 - - 92 62 -
Cefepime 31 - - - - 88 - -
Ciprofloxacin 82 10 55 - 43 68 63 32
Ofloxacin 75 - 47 - - - - -
Polymyxin B 22 - - - - - - -
Colistin 17 - - 55 - - - -
Gentamicin 52 43 - 30 74 48 54 50
Amikacin 7 31 - 0 43 96 44 13
Imipenem 67 30 7 2 21 8 - 40
Meropenem 1 - 7 - - - - -
Nitrofurantoin 80 - - 44 94 52 - -
Azithromycin 40 - - - - - - -
Nalidixic acid 60 34 42 2 58 - - 75
Ticarcilin 66 - - - - - - -

resistance was against tetracycline (23). In another study,
Olajide et al investigated the antimicrobial susceptibility
pattern of Klebsiella species using disk diffusion method
in Nigeria. In this study, Klebsiella species showed 0% re-
sistance to foxapen, erythromycin, and doxycycline and
highest resistance to amoxicillin (75%). The results of this
study are in contrast to our findings and other studies
(24). Table 5 provides a comparison of the results from the
antibiotic pattern of Klebsiella species in our study with
other studies.

Conclusion

Although resistance to multiple antibiotics, especially in
cases of nosocomial organisms is not new but it has in-
creased in recent years. Nowadays, for empirical treat-
ment of nosocomial infections carbapenems (e.g., imipe-
nem, meropenem) and cephalosporines consistently are
used but in our study resistance to these antibiotics are
remarkable. The frequency of resistance to other classes
of antibiotics such as quinolones and aminoglycosides are
also high. Therefore, for treatment of patients with these
multi-drug resistance organisms other options including
combination therapy or potentially toxic drugs such as
polymixin may be used. Treatment of patients with such
infections is difficult and sometimes impossible. Decrease
in this trend of antibiotic resistance maybe reachable
through antibiotic stewardship programs. Although, es-
pecial local or federal stewardship program has not been
settled, yet, we propose to provide and accomplishing
such programs in order to decreasing pattern of antibiotic
resistance.
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