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Abstract

Background: Resistance to various classes of antibiotics is common among extended-spectrum beta-lactamases (ESBLs)-producing
bacteria.
Objectives: To determine the antibiotic resistance pattern of ESBLs-producing K. pneumoniae clinical isolates from Zahedan.
Methods: In this sectional-descriptive study, susceptibility of 51 ESBLs-producing K. pneumoniae isolates to 18 antimicrobial agents
was determined.
Results: All isolates were resistant to cefotaxime, cefpodoxime and amoxicillin as well as susceptible to colistin sulfate. Also, most
isolates were resistant to trimethoprim/sulfamethoxazole and aztreonam.
Conclusions: Our findings demonstrated that the rate of resistance to beta-lactams, sulfonamides, tetracyclines, aminoglycosides
and fluoroquinolones in ESBLs-producing K. pneumoniae isolates is high in Zahedan.
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1. Background

Klebsiella pneumoniae is a member of the Enterobac-
teriaceae family. K. pneumoniae strains are ubiquitous in
nature and can be found in natural environments and on
mucosal surfaces of mammals [1, 2]. This microorganism
is an opportunistic bacterial pathogen that plays a main
role in most human infections such as urinary tract infec-
tions, respiratory tract infections, gastrointestinal tract in-
fections etc. [1].

Extended-spectrum beta-lactamases (ESBLs) are bacte-
rial enzymes that confer resistance to penicillins, broad-
spectrum oxyimino-cephalosporins and aztreonam, but
inhibited byβ-lactamase inhibitors such as clavulanic acid
[3].

K. pneumoniae is one of the major ESBLs-producing bac-
teria [4]. Today, ESBLs-producing K. pneumoniae is listed as
one of the six drug-resistant pathogens that can be caused
dangerous infections in humans for which few potentially
effective drugs are available [5].

Among ESBLs-producing strains, co-resistance with
other classes of antibiotics such as aminoglycosides, flu-
oroquinolones, tetracyclines and sulfonamides are also
widespread [6].

2. Objectives

The aim of this study was to determine the antibiotic
resistance pattern and co-resistance of ESBLs-producing K.
pneumoniae clinical isolates at three major hospitals of Za-
hedan by phenotypic methods.

3. Methods

In this sectional-descriptive study, fifty one ESBLs-
producing isolates of K. pneumoniae were obtained from a
collection previously described [7]. Bacteria were isolated
from patients at three major hospitals (Ali ibn Abi Talib,
Khatam al Anbiya and Buali) of Zahedan during November
2011 to November 2012. These isolates were recovered from
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urine (n = 37), respiratory tract secretions (n = 9), blood (n
= 1), urinary bladder catheter (n = 2), tracheal fluid (n = 1)
and joint fluid (n = 1).

ESBLs production was confirmed using the phenotypic
confirmatory test. Susceptibility of the isolates to 18 an-
timicrobial agents were tested by Kirby-Bauer disk dif-
fusion assay and the results were interpreted according
to the CLSI criteria [8]. The used antibiotic disks (MAST,
Merseyside, UK) were included cefotaxime (30 µg), cef-
tazidime (30 µg), ceftriaxone (30 µg), cefpodoxime (10
µg), cefepime (30 µg), aztreonam (30 µg), imipenem (10
µg), gentamicin (10 µg), streptomycin (10 µg), amikacin
(30 µg), ciprofloxacin (5 µg), nalidixic acid (30 µg), nitro-
furantoin (300 µg), tetracycline (30 µg), chlorampheni-
col (30 µg), colistin sulfate (25 µg), amoxicillin (25 µg)
and trimethoprim/sulfamethoxazole (1.25/23.75 µg). Es-
cherichia coli ATCC 25922 was used as quality control for an-
tibiotic disks.

Minimum inhibitory concentration (MIC)-values of
four antibiotics consist of cefotaxime, ceftazidime, ceftri-
axone and cefpodoxime were determined for isolates by
the E-Test method (Liofilchem MIC test strips, Italy). Con-
centration gradient for cefotaxime was 0.002 - 32 µg/mL,
and for ceftazidime, ceftriaxone and cefpodoxime were
0.016 - 256 µg/mL. Interpretive criteria used were as per
the E-test manufacturer’s guidelines and CLSI. E. coli ATCC
25922 was used as quality control for MIC test strips [9].

All descriptive statistical analyses were performed by
applying the SPSS software for Windows, version 18.0 and
Excel 2013 software.

4. Results

The antibiotic resistance pattern of isolates is shown
in Figure 1. As observed, all isolates were resistant
to cefotaxime, cefpodoxime and amoxicillin followed
by 98% resistance to ceftriaxone, 86.3% to trimetho-
prim/sulfamethoxazole, 80.4% to aztreonam, 76.5% to cef-
tazidime, 68.6% to tetracycline, 64.7% to streptomycin,
52.9% to gentamicin, 39.2% to nalidixic acid, 37.3% to ce-
fepime, 33.3% to ciprofloxacin, 25.5% to nitrofurantoin,
21.6% to chloramphenicol, 7.8% to amikacin and 5.9% to
imipenem. No isolates were resistant to colistin sulfate.
The most active antibiotic was colistin sulfate followed by
imipenem and amikacin.

The disk diffusion assay revealed that all isolates had
co-resistance to several antibiotics. Characteristics of these
isolates and their MIC-values were demonstrated in Table 1.

5. Discussion

In this study, all ESBLs-producing isolates were re-
sistant to amoxicillin and susceptible to colistin sulfate.
Moreover, most isolates were resistant to trimetho-
prim/sulfamethoxazole and aztreonam. As ESBLs-
encoding genes are generally found on multi-drug re-
sistance plasmids, many of ESBLs-producing isolates also
are resistant to other classes of antibiotics such as tetra-
cyclines, aminoglicosides, flouroquinolons, sulfonamides
and chloramphenicol [6, 10]. In our study, we obtained the
similar results: the rate of resistance against tetracycline,
aminoglicosides and flouroquinolons was higher com-
pared to non-ESBLs-producing isolates in similar studies
[11, 12].

Saeidi et al. [13], in their study on ESBLs-producing K.
pneumoniae isolates in Zabol (Southeast Iran) have shown
that the highest antibiotic resistance was against beta-
lactams, sulfonamides and aminoglicosides which in par-
allel with our results.

Among the third-generation cephalosporins, the high-
est resistance was observed against cefotaxime and cefpo-
doxime with 100% and ceftriaxone (98%); and the lowest
resistance was observed against ceftazidime (76.5%). Our
findings suggest among the beta-lactam antibiotics, car-
bapenems (e.g. imipenem) are the most effective drugs for
ESBLs-producing K. pneumoniae strains. Several investiga-
tions support our findings [12, 14].

In this study, the high sensitivity of isolates to colistin
sulfate, imipenem and amikacin may be due to limited use
of these antibiotics in patients.

As demonstrated in Table 1, of 18 antibiotics tested, the
ESBLs-producing isolates were resistant to the minimum
and maximum number of 7 and 15 antibiotics, respectively.
These results proposes the transfer of multi-drug resis-
tance plasmids among Gram-negative bacteria [15], thus
endangering the treatment of infections caused by these
strains.

In summary, the results of the present study indicate
that the rate of resistance to beta-lactams, sulfonamides,
tetracyclines, aminoglycosides and fluoroquinolones in
ESBLs-producing K. pneumoniae isolates is high in Zahedan
and colistin sulfate followed by imipenem and amikacin
are the most effective drugs for treatment of infections
caused by these isolates. These findings could be used
to improve the treatment of infections caused by ESBLs-
producing K. pneumoniae in this region.
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Figure 1. Antibiotic Resistance Pattern of ESBLs-Producing Isolates of K. pneumoniae Measured by Disk Diffusion (SXT: Trimethoprim/sulfamethoxazole).

Acknowledgments

The authors appreciate all individuals who willingly
participated in the current study. This article is the re-
sult of research project No. 2498 (Executor of project: Dr.
Shahram Shahraki-Zahedani).

Footnotes

Authors’ Contribution: Shahram Shahraki-Zahedani
managed the research; Mehdi Moghadampour per-
formed the tests and wrote the paper; Mohammad
Bokaeian helped in managing the research; Alireza Ansari-
Moghaddam contributed to data analysis.

Conflict of Interest: The Authors declare that there is no
conflict of interest to disclose.

Funding/Support: This work was supported by a M.Sc. dis-
sertation grant (M.Sc. thesis of Mehdi Moghadampour)
from Zahedan University of Medical Sciences.

References

1. Vuotto C, Longo F, Balice MP, Donelli G, Varaldo PE. Antibiotic
Resistance Related to Biofilm Formation in Klebsiella pneumo-

niae. Pathogens. 2014;3(3):743–58. doi: 10.3390/pathogens3030743.
[PubMed: 25438022].

2. Ramirez MS, Traglia GM, Lin DL, Tran T, Tolmasky ME. Plasmid-
mediated antibiotic resistance and virulence in Gram-negatives: the
Klebsiella pneumoniae paradigm. Microbiol spectrum. 2014;2(5):1.

3. Zhao WH, Hu ZQ. Epidemiology and genetics of CTX-M extended-
spectrum beta-lactamases in Gram-negative bacteria. Crit Rev Micro-
biol. 2013;39(1):79–101. doi: 10.3109/1040841X.2012.691460. [PubMed:
22697133].

4. Trang NH, Nga TV, Campbell JI, Hiep NT, Farrar J, Baker S, et al. The char-
acterization of ESBL genes in Escherichia coli and Klebsiella pneu-
moniae causing nosocomial infections in Vietnam. J Infect Dev Ctries.
2013;7(12):922–8. doi: 10.3855/jidc.2938. [PubMed: 24334938].

5. Chong Y, Ito Y, Kamimura T. Genetic evolution and clinical impact in
extended-spectrum beta-lactamase-producing Escherichia coli and
Klebsiella pneumoniae. Infect Genet Evol. 2011;11(7):1499–504. doi:
10.1016/j.meegid.2011.06.001. [PubMed: 21689785].

6. Nathisuwan S, Burgess DS, Lewis J2. Extended-spectrum beta-
lactamases: epidemiology, detection, and treatment. Pharmacother-
apy. 2001;21(8):920–8. [PubMed: 11718498].

7. Shahraki-Zahedani S, Moghadampour M, Bokaeian M, Ansari-
Moghaddam A. Prevalence of CTX-M-8 and CTX-M-15 type extended-
spectrum beta-lactamases between Klebsiella pneumoniae spp.
isolated from Zahedan, Southeast Iran. J Chem. 2016;28(4):343–5. doi:
10.1179/1973947815Y.0000000008. [PubMed: 25801185].

8. Patel FRCI JB, Alder J, Bradford PA, Eliopoulos GM, Hardy DJ, Hindler
JA, et al. Performance Standards for Antimicrobial Susceptibility Test-
ing; Twenty-Fourth Informational Supplement. Clinical and Labora-
tory Standards Institute. 2014;34(1):1–230.

Zahedan J Res Med Sci. 2016; 18(11):e3741. 3

Archive of SID

www.SID.ir

http://dx.doi.org/10.3390/pathogens3030743
http://www.ncbi.nlm.nih.gov/pubmed/25438022
http://dx.doi.org/10.3109/1040841X.2012.691460
http://www.ncbi.nlm.nih.gov/pubmed/22697133
http://dx.doi.org/10.3855/jidc.2938
http://www.ncbi.nlm.nih.gov/pubmed/24334938
http://dx.doi.org/10.1016/j.meegid.2011.06.001
http://www.ncbi.nlm.nih.gov/pubmed/21689785
http://www.ncbi.nlm.nih.gov/pubmed/11718498
http://dx.doi.org/10.1179/1973947815Y.0000000008
http://www.ncbi.nlm.nih.gov/pubmed/25801185
http://zjrms.com/
http://www.sid.ir


Shahraki-Zahedani S et al.

9. Manoharan A, Premalatha K, Chatterjee S, Mathai D, Sari Study
Group . Correlation of TEM, SHV and CTX-M extended-spectrum beta
lactamases among Enterobacteriaceae with their in vitro antimi-
crobial susceptibility. Indian J Med Microbiol. 2011;29(2):161–4. doi:
10.4103/0255-0857.81799. [PubMed: 21654112].

10. Nasehi L, Shahcheraghi F, Nikbin V, Nematzadeh S. PER, CTX-M, TEM
and SHV Beta-lactamases in clinical isolates of Klebsiella pneumoniae
isolated from Tehran, Iran. Iran J Basic Med Sci. 2010;13(3):111–8.

11. Derakhshan S, Peerayeh S, Fallah F, Bakhshi B, Rahbar M, Ashrafi A.
Detection of class 1, 2, and 3 integrons among Klebsiella pneumo-
niae isolated from children in Tehran hospitals.Archives Pediatr Infect.
2014;2(1):164–8.

12. Hashemi SH, Esna-Ashari F, Tavakoli S, Mamani M. The prevalence
of antibiotic resistance of Enterobacteriaceae strains isolated in

community- and hospital-acquired infections in teaching hospitals
of Hamadan, west of Iran. J Res Health Sci. 2013;13(1):75–80. [PubMed:
23772019].

13. Saeidi S, Alavi-Naini R, Shayan S. Antimicrobial susceptibility and dis-
tribution of tem and ctx-m genes among esbl-producing Klebsiella
pneumoniae and Pseudomonas aeruginosa causing urinary tract in-
fections. ZJRMS. 2014;16(4):1–5.

14. Kunz AN, Brook I. Emerging resistant Gram-negative aerobic bacilli in
hospital-acquired infections.Chemotherapy. 2010;56(6):492–500. doi:
10.1159/000321018. [PubMed: 21099222].

15. Gupta A, Ampofo K, Rubenstein D, Saiman L. Extended spectrum beta
lactamase-producing Klebsiella pneumoniae infections: a review of
the literature. J Perinatol. 2003;23(6):439–43. doi: 10.1038/sj.jp.7210973.
[PubMed: 13679928].

4 Zahedan J Res Med Sci. 2016; 18(11):e3741.

Archive of SID

www.SID.ir

http://dx.doi.org/10.4103/0255-0857.81799
http://www.ncbi.nlm.nih.gov/pubmed/21654112
http://www.ncbi.nlm.nih.gov/pubmed/23772019
http://dx.doi.org/10.1159/000321018
http://www.ncbi.nlm.nih.gov/pubmed/21099222
http://dx.doi.org/10.1038/sj.jp.7210973
http://www.ncbi.nlm.nih.gov/pubmed/13679928
http://zjrms.com/
http://www.sid.ir


Shahraki-Zahedani S et al.

Table 1. Characteristics of ESBLs-Producing K. pneumoniae Isolates (n = 51)

Isolate Number Specimen Resistance and co-Resistance of
ESBLs-Producing Isolates

MIC, µg/mL

Cefotaxime Ceftazidime Ceftriaxone Cefpodoxime

2 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-C-GM-A 32 < 24 256 < 256 <

6 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-C-GM-A 32 < 24 256 < 256 <

12 k Respiratory tract secretions CTX-CRO-CPD-GM-SXT-TE-A 32 < 3 48 256 <

13 k Urine CTX-CAZ-CRO-CPD-ATM-SXT-A 32 < 8 96 256 <

16 k Urine CTX-CAZ-CRO-CPD-ATM-SXT-TE-A 32 < 16 6 256 <

22 k Urine CTX-CAZ-CRO-CPD-ATM-C-SXT-TE-A 32 < 256 < 96 256 <

36 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-AK-NA-S-SXT-TE-
A

32 < 16 256 < 256 <

45 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-FM-A 32 < 24 256 < 256 <

46 k Respiratory tract secretions CTX-CAZ-CRO-CPD-ATM-CPM-NA-CIP-GM-S-
SXT-TE-A

32 < 48 256 < 256 <

48 k Tracheal fluid CTX-CAZ-CRO-CPD-ATM-AK-NA-SXT-TE-A 32 < 16 256 < 256 <

49 k Urine CTX-CAZ-CRO-CPD-ATM-NA-GM-S-SXT-TE-A 32 < 12 64 256 <

53 k Respiratory tract secretions CTX-CAZ-CRO-CPD-ATM-CPM-IMI-NA-CIP-GM-
S-FM-SXT-TE-A

32 < 256 < 256 < 256 <

56 k Urine CTX-CAZ-CRO-CPD-ATM-SXT-TE-A 32 < 8 48 256 <

61 k Urine CTX-CAZ-CRO-CPD-ATM-SXT-TE-A 32 < 8 64 256 <

63 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-C-AK-NA-S-SXT-
TE-A

32 < 8 192 256 <

67 k Respiratory tract secretions CTX-CAZ-CRO-CPD-ATM-CPM-IMI-NA-CIP-GM-
S-FM-SXT-TE-A

32 < 256 < 256 < 256 <

68 k Urinary bladder catheter CTX-CAZ-CRO-CPD-ATM-CPM-IMI-NA-CIP-GM-
S-FM-SXT-TE-A

32 < 48 256 < 256 <

71 k Respiratory tract secretions CTX-CRO-CPD-ATM-NA-CIP-GM-S-FM-SXT-TE-A 32 < 4 48 256 <

74 k Urine CTX-CAZ-CRO-CPD-ATM-S-SXT-TE-A 32 < 8 64 256 <

77 k Urine CTX-CAZ-CPD-ATM-A 2 12 2 256 <

78 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-C-NA-CIP-GM-S-
SXT-TE-A

32 < 48 256 < 256 <

93 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-NA-CIP-GM-S-
FM-SXT-TE-A

32 < 24 256 < 256 <

97 k Urine CTX-CAZ-CRO-CPD-ATM-NA-CIP-GM-S-SXT-TE-
A

32 < 16 64 256 <

114 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-S-FM-SXT-A 32 < 48 256 < 256 <

119 k Joint fluid CTX-CAZ-CRO-CPD-ATM-GM-S-SXT-A 32 < 8 96 256 <

120 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-SXT-A 32 < 12 256 < 256 <

130 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-C-NA-S-SXT-TE-A 32 < 32 256 < 256 <

131 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-CIP-GM-S-SXT-
TE-A

32 < 256 < 96 256 <

136 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-GM-SXT-A 32 < 96 256 < 256 <

143 k Respiratory tract secretions CTX-CAZ-CRO-CPD-ATM-CPM-GM-S-SXT-TE-A 32 < 96 256 < 256 <

146 k Urine CTX-CAZ-CRO-CPD-ATM-S-SXT-A 32 < 12 96 256 <

147 k Urine CTX-CAZ-CRO-CPD-ATM-C-CIP-GM-S-SXT-TE-A 16 4 48 256 <

148 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-NA-GM-S-SXT-A 32 < 16 96 256 <
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150 k Urine CTX-CAZ-CRO-CPD-ATM-C-NA-S-SXT-TE-A 32 < 6 64 256 <

162 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-IMI-NA-CIP-GM-
S-FM-SXT-TE-A

32 < 256 < 256 < 256 <

165 k Urine CTX-CRO-CPD-ATM-C-NA-CIP-GM-S-FM-A 32 < 6 96 256 <

169 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-NA-S-SXT-TE-A 32 < 12 96 256 <

191 k Respiratory tract secretions CTX-CRO-CPD-NA-CIP-GM-SXT-TE-A 32 < 6 128 256 <

194 k Urine CTX-CAZ-CRO-CPD-ATM-NA-S-SXT-TE-A 32 < 8 96 256 <

195 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-CIP-GM-S-SXT-
TE-A

32 < 16 256 < 256 <

196 k Respiratory tract secretions CTX-CRO-CPD-C-NA-CIP-GM-S-FM-SXT-TE-A 32 < 6 128 256 <

198 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-C-NA-CIP-GM-
FM-SXT-TE-A

32 < 96 256 < 256 <

199 k Urine CTX-CAZ-CRO-CPD-ATM-CPM-NA-CIP-FM-A 32 < 48 256 < 256 <

3 a Urine CTX-CRO-CPD-S-SXT-TE-A 32 < 6 64 256 <

17 a Urine CTX-CRO-CPD-ATM-S-SXT-TE-A 32 < 3 64 256 <

58 a Urine CTX-CAZ-CRO-CPD-ATM-CPM-NA-CIP-GM-S-
SXT-A

32 < 16 256 < 256 <

106 b Urine CTX-CAZ-CRO-CPD-ATM-NA-SXT-TE-A 32 < 12 96 256 <

107 b Respiratory tract secretions CTX-CAZ-CRO-CPD-ATM-CPM-AK-GM-S-A 32 < 24 256 < 256 <

126 b Urinary bladder catheter CTX-CAZ-CRO-CPD-ATM-NA-CIP-GM-S-SXT-TE-
A

32 < 8 64 256 <

130 b Urine CTX-CRO-CPD-S-SXT-TE-A 32 < 6 48 256 <

133 b Blood CTX-CAZ-CRO-CPD-ATM-CPM-S-FM-SXT-A 32 < 12 256 < 256 <

Abbreviations: a, Ali ibn Abi Talib hospital; AK, Amikacin; A, Amoxicillin; ATM, Aztreonam; b, Buali hospital; CTX, Cefotaxime; CAZ, Ceftazidime; CRO, Ceftriaxone; CPD,
Cefpodoxime; CPM, Cefepime; C, Chloramphenicol; CIP, Ciprofloxacin; FM, Nitrofurantoin; GM, Gentamicin; k, Khatam al Anbiya hospital; IMI, Imipenem; NA, Nalidixic
acid; S, Streptomycin, SXT; Trimethoprim/sulfamethoxazole; TE, Tetracycline.
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