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1. Introduction

At present, in patients with end stage of renal failure, kidney trans-
plantation is a selective therapeutic strategy due to better rates of life
participation [1,2]. However, receiving of immunosuppressant med-
ication encounter kidney transplant patients (KTPs) at increased risk
of cancer, infection, diabetes and cardiovascular disease [3]. The pres-
ence of infections greatly influences the success of kidney transplan-
tation since they cause higher morbidity and mortality and also in-
crease the length and expenditure of hospitalization [4]. Of the in-
fections, urinary tract infection (UTI) has been considered a common
problem, occurring in 60% of KTPs during the first year post-trans-
plant [5]. Some studies reported an increased incidence of bacter-
ial infection with multiple antibiotic resistances among transplant pa-
tients [6]. Of the bacteria, extended spectrum beta-lactamases (ES-
BLs) producing gram negative bacteria most commonly Escherichia
coli and Klebsiella spp have the ability to hydrolyze and cause resis-
tance to oxyiminocephalosporins and monobactams [7,8]. Recently,
the prevalence of CTX-M-type ESBLs (bla CTX-M) has been increased
and such ESBLs may cause resistance to some unrelated classes of an-
tibiotics [9]. CTX-M enzymes are currently divided into five clusters
on the basis of amino acid sequence, including: CTX-M-1, CTX-M-2,
CTX-M-8, CTX-M-9 and CTX-M-25 [10]. Since the infections can
affect renal transplantation outcomes and little information were avail-
able regarding the frequency of ESBLs among KTPs, this study was
designed to investigate the susceptibility pattern, frequency of ESBLs
and bla CTX-M among the isolated E. coli and Klebsiella spp from urine
specimens of KTPs using phenotypic and molecular methods.

2. Methods

In this analytical, descriptive study, during the hospitalization
(based on patients' condition, the length of hospitalization varied from
two weeks up to one month), the urine specimen of KTPs through sys-
tematic urine sampling (twice a week) and also following the initial
diagnosis of UTI have been collected and cultivated for isolation and
identification of E. coli and Klebsiella spp in the bacteriology labora-
tory of Imam Khomeini university teaching hospital (a tertiary referral
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center), Urmia- Iran, between May 2013 to November 2014. For
specimen collection from an existing, indwelling urinary catheter,
the catheter collection port has been cleaned with an alcohol pad
and punctured directly with a needle and syringe. The samples in-
oculated in both Blood agar and Mac Conkey agar plates and incu-
bated at 37 °C for 24 h. In recent years, this center has performed
about 100 kidney transplants annually, which most of them have been
done with living donors. All KTPs received preoperative prophylaxis
with Cefazolin and post operation prophylaxis, including; two days
Cefazolin, for next six days with Cephalexin, after the eighth day
the urinary catheter removal was performed and Trimethoprim-sul-
famethoxazol was started (for nine to 12 months according to clin-
ician's choice). Meanwhile the routine immunosuppressive regimen
was Cyclosporine, Mycophenolate mofetil, and Prednisolone. For
each isolate, antimicrobial susceptibility test was performed using the
disk diffusion method based on the Clinical and Laboratory Stan-
dards Institute (CLSI 2014) recommendations [11]. The ESBL status
was confirmed by double disc diffusion test (DDDT) with cefotaxime
(30 μg) and ceftazidime (30 μg) alone and in combination with clavu-
lanic acid (10 μg) (Mast Diagnostics, Merseyside-UK). Isolates with
a ≥ 5-mm increase in a zone diameter for either antimicrobial agent
tested in combination with clavulanic acid and the zone diameter of
the agent when tested alone were classified as probable ESBL-produc-
ers [11]. All ESBL positive isolates checked in respect of their suscep-
tibility to Minocycline (30 μg) or Fosfomycin (200 μg) as alternative
therapeutic options. E. coli ATCC 25922 and K. pneumoniae ATCC
700603 were used as quality control strains for performing antimi-
crobial tests. The DNA of isolates was extracted using a commercial
kit (YTA Genomic DNA Extraction; Iran). Multiplex PCR was per-
formed on isolates for the simultaneous detection of genes encoding
five clusters of the CTX-M- beta-lactamases, as described previously
[12] and characterized them by sequencing of PCR products. All the
molecular analysis has been carried out in laboratory of Cellular and
Molecular Research center of faculty of medicine, Urmia- Iran. Sta-
tistical analysis was performed with the SPSS (version 16) statistical
program. P < 0.05 was regarded as statistically significant.

3. Results

During the period of study, in total, 127 sequential and non-dupli-
cate isolates, including 57 E. coli, 39 K. pnumoniae, 13 Pseudomonas
aeruginosa, eight staphylococcus aureus, three Enterococci, two
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Acinetobacter baumannii and five other bacteria were collected from
630 urine specimens of KTPs. Of the mentioned isolates, only 96 iso-
lates, namely; E. coli (57 [59.4%]) and K. pnumoniae (39 [40.6%])
were included in this study. Of KTPs, 42 (43.75%) were males and 54
(56.25%) were females ranging in age from 8 to 76 years with a mean
of 47.07 years.

Antibiotic susceptibility test using disc diffusion revealed high
resistance to Trimethoprim/Sulfamethoxazole (78.1%), and the least
levels of resistance was observed to Imipenem (10.4%). The overall
frequencies of ESBL positive strains were 56 (58.3%), including 39
(40.6%) E. coli and 17 (17.7%) K. pneumoniae isolates using DDDT.
All the ESBL-producing isolates had higher resistance to tested an-
tibiotics except Imipenem, Ertapenem and Nitrofurantoin in compare
with ESBL-negative ones (Table 1). The MICs of 10 imipenem resis-
tant isolates (detected by disc diffusion method) were determined us-
ing Etest (Liofilchem, Italy) method. Based on the Etest results, the
MIC was ≥32 mg/ml for four isolates and >1–2 mg/ml (intermediate)
for five isolates; a MIC of 6 mg/ml was seen for only in one isolate.

Among 56 ESBL isolates; 41 (73.2%) vs. 13 (23.2%) were sensi-
tive and 8 (14.3%) vs. 36 (64.3%) showed resistance for Fosfomycin
and Minocycline, respectively. In addition, 7 (12.5%) isolates revealed
intermediate resistant to both Fosfomycin and Minocycline.

The results of Multiplex- PCR on 96 isolates showed that 53
(55.2%) isolates were producing CTX-M type ESBLs, which 53.1%
(51/96) and 2.1% (2/96) harbored CTX-M genogroup-1 and
genogroup-9, respectively (Fig. 1). Among the CTX-M genogroup-1;
31 and 20 isolates were E. coli and K. pnumoniae, respectively. Both
strains with CTX-M genogroup- 9 were E. coli. Three of 56 phenotyp-
ically detected ESBLs were not carrying any of CTX- M genogroups.

The isolates producing CTX-M type ESBLs were subjected for se-
quence analyses (Bioneer- Korea). On performing the BLAST search
on isolates belonging to CTX-M genogroup-1 and genogroup-9, 100%

similarity was found with CTX-M-15 and CTX-M-65 types ESBL, re-
spectively.

4. Discussion

Urinary tract infection is the most common type of bacterial in-
fection contracted by KTPs after transplantation. Immunosuppression
and inappropriate antibiotic therapy of UTIs can affect the outcome
of transplantation [13] and need to more attention to the prevention of
such infections and its consequences. For this purpose, in our trans-
plantation center the same as others, prophylaxis with different an-
tibiotics are used for the avoidance of the infections in KTPs, but it
seems to be a link between perioperative prophylaxis along with the
higher hospitalization period and the development of antibiotic resis-
tance over time. Some researchers suggested an association between
UTI and perioperative cephalosporin prophylaxis in KTPs [14]. Con-
sistent with other studies [15,16], in our research, E. coli was the most
commonly isolated bacteria, followed by K. pneumoniae. Such bacte-
ria can create many problems with gaining of resistance against a large
number of beta-lactam antibiotics due to producing ESBLs [17]. The
different prevalence of ESBLs producing bacteria has been reported
from all parts of the world from KTPs [7,18]. In this study, ESBLs
producing strains were more obvious in E. coli strains than K. pneu-
monia (Pv = 0.021). By contrast, in some studies, ESBLs positive K.
pneumoniae was predominant isolates among organ transplant recip-
ients [19]. In our setting, the frequency of ESBLs among E. coli and
Klebsiella spp obtained from hospitalized patients with other clinical
features (Non- KTPs) during a year, was 29.53% (176 out of 596) and
14.8% (37 out of 250), respectively (Unpublished data). The analy-
sis of distribution of ESBLs in the two groups of patients reveals a
higher frequency of ESBL isolates from KTPs (58.3%) than Non-
KTPs (25.17%). Since, after kidney transplantation, the average length
of hospitalization was fifteen days and in some cases may become a

Table 1
Results of antibiotic susceptibility test between ESBLs and non- ESBLs using disc diffusion method.

Antibiotics
ESBL positive isolates
56 (58.3%)

Resistance
among all
ESBLs No.
(%)

ESBL negative isolates
40 (41.7%)

Resistance
among all
Non-
ESBLs No.
(%)

Resistance
among all
isolates
No. (%) Pve

E. coli (n = 39)
No. (%)

K. pneumoniae (n = 17)
No. (%)

E. coli (n = 18)
No. (%)

K. pneumoniae (n = 22)
No. (%)

Sb Ic Rd S I R S I R S I R

Ampicillin 0
(0)

0
(0)

39
(100)

ncf nc nc 39 (100) 3
(16.7)

0
(0)

15
(83.3)

nc nc nc 15 (83.3) 54 (94.7) 0.028

Cotrimoxazolea 4
(10.3)

0
(0)

35
(89.7)

1 (5.9) 0
(0)

16
(94.1)

51 (91.1) 4
(22.2)

0
(0)

14
(77.8)

11
(50.0)

1 (4.5) 10
(45.5)

24 (60.0) 75 (78.1) 0.001

Aztreonam 0
(0)

2
(5.2)

37
(94.8)

0
(0)

1
(5.9)

16
(94.1)

53 (94.6) 15
(83.3)

3
(16.7)

0
(0)

17
(77.3)

5
(22.7)

0
(0)

0 (0) 0.000

Ciprofloxacin 9
(23.1)

0
(0)

30
(76.9)

0
(0)

0
(0)

17
(100)

47 (83.9) 7
(38.9)

0
(0)

11
(61.1)

13
(59.1)

0
(0)

9
(40.9)

20 (50.0) 67 (69.8) 0.001

Gentamicin 12
(30.8)

0
(0)

27
(69.2)

1 (5.9) 0
(0)

16
(94.1)

43 (76.8) 11
(61.1)

0
(0)

7
(38.9)

15
(68.2)

0
(0)

7
(31.8)

14 (35.0) 57 (59.4) 0.000

Nitrofurantoin 26
(66.7)

8
(20.5)

5
(12.8)

3
(17.6)

1 (5.9) 13
(76.5)

18 (32.1) 15
(83.3)

0
(0)

3
(16.7)

1 (4.5) 1
(4.5)

20
(91.0)

23 (57.5) 41 (42.7) 0.25

Ertapenem 36
(92.3)

0
(0)

3 (7.7) 9
(52.9)

6
(35.3)

2
(11.8)

5 (8.9) 14
(77.8)

0
(0)

4
(22.2)

13
(59.1)

2
(9.1)

7
(31.8)

11 (27.5) 16 (16.7) 0.151

Imipenem 38
(97.4)

0
(0)

1 (2.6) 15
(88.2)

0
(0)

2
(11.8)

3 (5.4) 16
(88.9)

0
(0)

2
(11.1)

17
(77.3)

0
(0)

5
(22.7)

7 (17.5) 10 (10.4) 0.058

a Trimethoprim/Sulfamethoxazole.
b Sensitive.
c Intermediate.
d Resistant.
e Pv for resistance rate between ESBLs and non- ESBLs.
f Not cheked; Klebsiella spp. are intrinsically resistant to penicillins.
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Fig. 1. Agarose gel electrophoresis of amplified to CTX-M genogroup by multiplex PCR. Lanes: 1and 8, 50 bp DNA ladder (Bioflux); 2, negative control; 3 and 4, E. coli positive
for CTX-M genogroup-1(415 bp); 5 and 7, E. coli positive for CTX-M genogroup-9 (205 bp); 6, E. coli negative for CTX-M genogroup.

month or more, it seems that the period is enough for colonization of
ESBLs in KTPs.

As revealed in Table 1, most (94.8%) of our isolates were resis-
tant to at least two of the antibiotics tested, and antibiotic resistance
was more common among E. coli isolates than K. pneumoniae. Us-
ing both Cefotaxime and Ceftazidime disks improves the sensitivity
of screening ESBL producing isolates as mentioned in CLSI (2014).
However, in some isolates (11isolates) when zone diameter was zero
for Cefotaxime and Ceftazidime disks, the DDD test as confirma-
tory for ESBL producing did not also show any increasing zone di-
ameter in combination with clavulante to considering them as ES-
BLs but we considered them as ESBL producers because they car-
ried ctx-M genes using Multiplex PCR. We couldn't find any com-
ment related to such situation in CLSI, but the authors suggest for
isolates without any zone of inhibition either in cefotaxime (30 μg)
and ceftazidime (30 μg) alone or in combination with clavulanic acid
be considered as ESBL-producers. In this study, three strains of ES-
BLs (by DDDT) that did not show any ctx-M genes may harbor other
genes related to ESBLs such as TEM or SHV. By the way, the rel-
atively high frequency of ESBL producing isolates is an alarming
situation which could be due to use of various Cephalosporins be-
fore and after transplantation and antibiotic selection pressure. The
ESBL producers were as well resistant to the other classes of antibi-
otic besides beta-lactams, including Ciprofloxacin, Gentamicin and
Trimethoprim/Sulfamethoxazole, as indicated in the majority of stud-
ies on ESBL producer bacteria [20]. This condition can contribute to
the selection and persistence of multidrug-resistant ESBL strains and
plasmids in various settings [21]. Easy movement of extra chromoso-
mal genetic material such as insertion sequences, integrons and trans-
posons among bacteria played a crucial role in global spreading of
the most common ESBL genes, namely CTX-M [22]. The prevalence
of CTX-M and other types of ESBLs differs among patient groups,
clinical and geographic settings. CTX-M-15 (group 1) is predomi-
nant in most of Europe, North America, the Middle East, and India,
whereas CTX-M-14 (group 9) is most common in China, Southeast
Asia, and Spain, and CTX-M-2 (group 2) is isolated predominantly
in Argentina and Japan [23–25]. During this investigation, molecu-
lar analysis revealed that CTX-M- 15 subtype (53.1%) of group-1

was the most common among the isolates. In addition, two isolates
showed CTX-65 subtype (group 9). To the best of our knowledge,
this is the first report of sequencing outcomes of CTX-M-type ESBLs
from north-west Iran. Other studies from Iran, also demonstrated that
the CTX-M- 15 is common in different settings and other groups have
not an outbreak or have a small percentage into account [26].

In our study, ESBL-producing organisms showed less resistant
to Imipenem (10.4%) and Ertapenem (16.7%) using disc diffusion
method. Such carbapenems are generally resistant to ESBL-mediated
hydrolysis. Using these antibiotics for empiric antibiotic therapy of
KTPs with UTI is sensible, because any delay in treatment can cause
severe adverse consequences for instance septicemia (two out of 96
cases). This is in agreement with previous studies in which Carbapen-
ems are the drug of choice for ESBL producing pathogens [27]. On the
other hand, Carbapenems therapy should be performed with caution,
since the emergence of carbapenem-resistance tend to increase among
Gram negative organisms with ESBLs [28]. In this research, two out
of seven Imipenem resistant K. pneumoniae confirmed as carbapene-
mase producers using modified Hodge test (MHT) (CLSI, 2014) and
were also ESBLs positive. As noted in CLSI (2014), MHT with the
Imipenem disk may give poor result as a screen for carbapenemases,
so for isolates positive with the disk screen and MHT, carrying out the
MIC test before reporting any carbapenem results, has been recom-
mended. For this reason, the MIC of the detected Imipenem resistant
isolates (by disk diffusion method) determined using Etest method and
all were non susceptible. However, it seems to confirm that an iso-
late is a carbapenemase producer; the molecular methods should also
be applied along with phenotypic methods. In addition, Carbapenems
resistance was also found at a higher frequency among ESBL nega-
tive isolates than among ESBL producing isolates (17.5% vs. 5.4% for
Imipenem). This may be due to inappropriate prescribing and overuse
of these antibiotics in our setting. Among the antibiotics tested, in ad-
dition to Imipenem, Fosfomycine also exhibited better in vitro activity
against ESBL isolates. Even so, continuous monitoring of the effec-
tiveness of the antibiotics will be required to detect any changes in its
current status.
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In conclusion, our study highlighted the presence of a high fre-
quency of multidrug resistance among the isolates that most of them
were ESBLs producer with CTX-M-15 subtype. This is an alarming
situation for KTPs and medical teams by limited the choice of antibi-
otics. Therefore, collaboration between clinicians and the medical mi-
crobiologist is essential to rapid diagnosis and use of appropriate an-
tibiotics against the resistant isolates. In addition, permanent monitor-
ing of the treatment outcome of infections among KTPs can reduce
the spread of bacterial resistance, the length of hospitalization, expen-
ditures and side effects of drugs. This requires compulsory testing of
all isolates for ESBLs and other type of resistance, by phenotypic and
molecular methods alongside each other.

Conflict of interest

All authors report no conflicts of interest relevant to this article.

Acknowledgment

We thank all the staff at the Transplant team for their whole sup-
port. The authors wish to thank Dr A. R. Japoni-Nejad for providing
the CTX- M positive isolates. This work was financially supported by
Urmia University of Medical Sciences, Urmia, Iran and was also done
as part of the MSc thesis (No. 91-03-43-939) of the first author.

References

[1] T. Jiang, F. Xue, X. Zheng, H. Yu, X. Tao, X. Xiao, et al., Clinical data and CT
findings of pulmonary infection caused by different pathogens after kidney
transplantation, Eur. J. Radiol. 81 (2012) 1347–1352.

[2] T.S. Purnell, P. Auguste, D.C. Crews, J. Lamprea-Montealegre, T. Olufade, R.
Greer, et al., Comparison of life participation activities among adults treated by
hemodialysis, peritoneal dialysis, and kidney transplantation: a systematic re-
view, Am. J. Kidney Dis. 62 (2013) 953–973.

[3] M. Howell, A. Tong, G. Wong, J.C. Craig, K. Howard, Important outcomes for
kidney transplant recipients: a nominal group and qualitative study, Am. J. Kid-
ney Dis. 60 (2012) 186–196.

[4] Graft infection in kidney recipients and its relation to transplanted kidney func-
tion, In: M. Żukowski, K. Kotfis, J. Biernawska, M. Zegan-Barańska, M. Kacz-
marczyk, A. Ciechanowicz, et al. (Eds.), Transplant Proc., vol. 43, 2011, pp.
2997–2999.

[5] J.E. Gołębiewska, A. Dębska-Ślizień, B. Rutkowski, Urinary tract infections
during the first year after renal transplantation: one center's experience and a re-
view of the literature, Clin. Transpl. 28 (2014) 1263–1270.

[6] Epidemiology and outcomes of multiple antibiotic–resistant bacterial infection
in renal transplantation, In: L. Linares, C. Cervera, F. Cofán, M. Ricart, N. Es-
forzado, V. Torregrosa, et al. (Eds.), Transplant Proc., vol. 39, 2007, pp.
2222–2224.

[7] Urinary tract infection caused by extended-spectrum beta-lactamase–producing
bacteria in kidney transplant patients, In: H. Pinheiro, A. Mituiassu, M. Carmi-
natti, A. Braga, M. Bastos (Eds.), Transplant Proc., vol. 42, 2010, pp. 486–487.

[8] P. Lal, A. Kapil, B.K. Das, S. Sood, Occurrence of TEM & SHV gene in ex-
tended spectrum b-lactamases (ESBLs) producing Klebsiella sp. isolated from a
tertiary care hospital, Indian J. Med. Res. 125 (2007) 173–178.

[9] L. Cremet, N. Caroff, S. Dauvergne, A. Reynaud, D. Lepelletier, S. Corvec,
Prevalence of plasmid-mediated quinolone resistance determinants in ESBL En-
terobacteriaceae clinical isolates over a 1-year period in a French hospital,
Pathol. Biol. 59 (2011) 151–156.

[10] R. Bonnet, Growing group of extended-spectrum β-lactamases: the CTX-M en-
zymes, Antimicrob. Agents Chemother. 48 (2004) 1–14.

[11] Clinical, Laboratory, Standards, Institute, Performance Standards for Antimicro-
bial Susceptibility Testing, Twenty-Fourth Informational Supplement
M100–S24 CLSI, WAYNE, PA, USA, 2014.

[12] N. Woodford, E.J. Fagan, M.J. Ellington, Multiplex PCR for rapid detection of
genes encoding CTX-M extended-spectrum β-lactamases, J. Antimicrob.
Chemother. 57 (2006) 154–155.

[13] R.M. de Souza, J. Olsburgh, Urinary tract infection in the renal transplant pa-
tient, Nat. Clin. Pract. Nephrol. 4 (2008) 252–264.

[14] Urinary tract infections in the early posttransplant period after kidney transplan-
tation: etiologic agents and their susceptibility, In: D. Kawecki, A.
Kwiatkowski, A. Sawicka-Grzelak, M. Durlik, L. Paczek, A. Chmura, et al.
(Eds.), Transplant Proc., vol. 43, 2011, pp. 2991–2993.

[15] Antibiotic selective pressure and development of bacterial resistance detected in
bacteriuria following kidney transplantation, In: G. Pouladfar, Z. Jafarpour, S.
Hosseini, P. Janghorban, J. Roozbeh (Eds.), Transplant Proc., vol. 47, 2015, pp.
1131–1135.

[16] R. Yacoub, N.K. Akl, Urinary tract infections and asymptomatic bacteriuria in
renal transplant recipients, J. Glob. Infect. Dis. 3 (2011) 383–389.

[17] R. Cantón, T.M. Coque, The CTX-M [beta]-lactamase pandemic, Curr. Opin.
Microbiol. 9 (2006) 466–475.

[18] J.R. Johnson, B. Johnston, C. Clabots, M.A. Kuskowski, S. Pendyala, C. De-
bRoy, et al., Escherichia coli sequence type ST131 as an emerging fluoro-
quinolone-resistant uropathogen among renal transplant recipients, Antimicrob.
Agents Chemother. 54 (2010) 546–550.

[19] H.A. Winters, R.K. Parbhoo, J.J. Schafer, D.A. Goff, Extended-spectrum β-lac-
tamase-producing bacterial infections in adult solid organ transplant recipients,
Ann. Pharmacother. 45 (2011) 309–316.

[20] S.E. Mshana, C. Imirzalioglu, H. Hossain, T. Hain, E. Domann, T. Chakraborty,
Conjugative IncFI plasmids carrying CTX-M-15 among Escherichia coli ESBL
producing isolates at a University hospital in Germany, BMC Infect.
Dis. 9 (2009) 97, http://dx.doi.org/10.1186/1471-2334-9-97.

[21] R. Cantón, A. Novais, A. Valverde, E. Machado, L. Peixe, F. Baquero, et al.,
Prevalence and spread of extended-spectrum β-lactamase-producing enterobac-
teriaceae in Europe, Clin. Microbiol. Infect. 14 (2008) 144–153.

[22] A. Carattoli, Plasmids and the spread of resistance, Int. J. Med. Micro-
biol. 303 (2013) 298–304.

[23] P. Hawkey, Prevalence and clonality of extended-spectrum β-lactamases in
Asia, Clin. Microbiol. Infect. 14 (2008) 159–165.

[24] D.L. Paterson, R.A. Bonomo, Extended-spectrum β-lactamases: a clinical up-
date, Clin. Microbiol. Rev. 18 (2005) 657–686.

[25] K. Bush, Extended-spectrum β-lactamases in North America, 1987–2006, Clin.
Microbiol. Infect. 14 (2008) 134–143.

[26] M.M. Feizabadi, S. Delfani, N. Raji, A. Majnooni, M. Aligholi, F. Shahcher-
aghi, et al., Distribution of bla TEM, bla SHV, bla CTX-M genes among clinical
isolates of Klebsiella pneumoniae at labbafinejad hospital, Tehran, Iran. Microb.
Drug Resist 16 (2010) 49–53.

[27] G.A. Jacoby, L.S. Munoz-Price, The new β-lactamases, N. Engl. J.
Med. 352 (2005) 380–391.

[28] A.J. Mathers, H.L. Cox, H. Bonatti, B. Kitchel, A.K.C. Brassinga, B. Wispel-
wey, et al., Fatal cross infection by carbapenem-resistant Klebsiella in two liver
transplant recipients, Transpl. Infect. Dis. 11 (2009) 257–265.


	
	
	




