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Analysis of Genetic Determinants Involved in
Multiresistance in Clinical Strains Isolated from Renal
Transplantation Recipients in Guangzhou, China
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In the present study, we examined the antibiotic sensitivity of 19 bacterial strains [5 coagulase-negative Staphy-
lococcus, 2 methicillin-resistant Staphylococcus aureus (S. aureus), 2 Enterococcus faecium (E. faecium), 5 Es-
cherichia coli (E. coli), 3 Cedecea sp., 1 Klebsiella pneumoniae (K. pneumoniae), and 1 Burkholderia cepacia (B.
cepacia)], which were isolated from renal transplantation patients using the Kirby-Bauer method. We also investi-
gated the production of 8-lactamase and extended-spectrum S-lactamase (ESBL), and the presence of the integrase
gene (intl]) and resistance gene cassette. Among the 19 strains tested, all displayed severe multiresistance, and
12 strains produced S-lactamase, in which 6 strains were ESBL positive. Eleven strains were revealed to possess
the class 1 integron; however, neither class 2 nor 3 was detected. Additionally, 3 drug resistance genes, aadA2,
dfrAl7, and aadAS5, were found in some strains. The results indicate that the horizontal transfer of the S-lactamase
gene and/or the class 1 integron may contribute significantly to the spread of multiresistant bacteria among renal

transplantation patients.
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INTRODUCTION

Continued improvements in graft survival have
led to widespread acceptance of renal transplanta-
tion as the preferred treatment for the majority of
patients with end-stage renal disease.'>? However,
because of the administration of immunosuppres-
sants or other drugs, it often causes a series of short-
or long-term side effects, of which bacterial infec-
tions are particularly important. Nearly 80% of re-
nal transplant recipients have at least one episode
of infection during the first year after transplan-
tation, and the infection is the highest during the
first 3 months.*~? The occurrence of drug-resistant
pathogens makes the situation even worse.

The efficient acquisition and dissemination of
resistance determinants is carried out through a mo-
bile genetic element such as a plasmid, transpo-
son or integron.® Integrons harboring the integrase
gene (intll) and resistance gene(s) are known to
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be responsible for site-specific recombination, cap-
ture, and mobilization of the gene cassette, and this
genetic element is presently divided into several
classes based on variation of the intIl gene.>~!" On
the other hand, the S-lactamase gene contributes an-
other mechanism of dissemination of the resistance
determinants. Since this gene is frequently located
on a plasmid, it may be transferred horizontally
from strain to strain by conjugation.'” The emer-
gence of bacteria producing extended-spectrum (-
lactamase (ESBL) has posed a serious threat to the
continued use of this family of antibiotics.'?

In this study, we investigated the antibiotic sen-
sitivity of 19 strains isolated from renal transplan-
tation recipients and evaluated the presence of re-
sistance determinants such as the -lactamase gene
and integron to assess the contribution of horizontal
gene transfer to the spread of multiresistance bacte-
ria.

MATERIALS AND METHODS

Bacterial Strains—— Within a period of 15
months (June 2004—August 2005), collected 19 bac-
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terial strains from 19 clinical renal allograft recipi-
ents aged between 13 and 84 years in a single lo-
cal hospital. The patients fulfilled the following
criteria: had indwelling urinary catheters or wound
drainage tubes; infection occurred during the first 3
months after renal transplantation; had at least one
of the symptoms of fever over 38°C, chills, White
Blood Cell (WBC) > 10 x10°/1, X-ray indicative of
pulmonary infection, frequent micturition, or urgent
micturition and dysuria. The strains were isolated
from various specimens including sputum and urine
(Table 1). Sputum samples were gathered in the
morning by deep cough or by using one-off sputum
aspiration tubes, and the urine was middle segment.
The specimens were not cultured in broth before
colony selection. All these operations were carried
out sterilely, and the bacteria were identified with
an automatic microbial analyzing system (Vitek-32,
BioMerieux, Lyon, France).

Susceptibility to Antimicrobial Agents —— Sus-
ceptibility to antibiotics was routinely tested us-
ing the Kirby-Bauer disk diffusion method. The
disks and Mueller-Hinton agar plates were pur-
chased from Oxoid (Basingstoke, U.K.), and the re-
sults were evaluated according to the recommenda-
tions of the National Committee for Clinical Labo-
ratory Standards (NCCLS).!'® Antimicrobial agents

were chosen according to clinical usage. Staphy-
lococcus aureus (S. aureus) strain ATCC 25923,
Escherichia coli (E. coli) strain ATCC 25922, and
Pseudomonas aeruginosa strain ATCC 27853 were
used as controls.

Production of S-Lactamase and ESBL —— The
production of p-lactamase was assessed with
BBL Cefinase nitrocefin disks (Becton Dickinson,
Franklin Lakes, NJ, U.S.A.). Each disk impregnated
with nitrocefin was moistened with sterile distilled
water, and a loopful of bacterial cells on Mueller-
Hinton agar was inoculated on the disk surface. The
disk was protected from drying and examined if
pink-red coloration appeared within 10 min. S. au-
reus strain ATCC 29213 and strain ATCC 25923
were used as the positive and negative control, re-
spectively.

ESBL production was examined in the pheno-
typic confirmatory test as recommended by the NC-
CLS.'® Antibiotic disks (cefotaxime 30pg, cefo-
taxime 30 pg plus clavulanic acid 10 pg, ceftazidime
30 ng, ceftazidime 30 ug plus clavulanic acid 10 ug)
were supplied by Oxoid. The diameter of the bacte-
ricidal zone of the combination disk was compared
with that of the cephalosporin disk, and a difference
of 2 5 mm was defined as ESBL positive. Klebsiella
pneumoniae (K. pneumoniae) strain ATCC 700603

Table 1. Source and -Lactamase and Integron Determinants in 19 Strains Obtained from Renal Transplantation

Recipients in Guangzhou, China

Strain Species Source B-Lactamase Integrase Gene cassette
1 MRSA Sputum + -
2 MRSA Sputum + -
3 MSSCON Bile - + (Intl1) -
4 MRSCON Renal drainage + + (Intll) -
5 MRSCON Sputum + -
6 MRSCON Bile + -
7 MRSCON Urine + -
8 E. faecium Urine - _
9 E. faecium Renal drainage - + (Intll) -
10 E. coli Urine + (ESBL) _
11 E. coli Sputum + (ESBL) + (Intll) aadA2
12 E. coli Renal drainage + (ESBL) + (Intll) _
13 E. coli Renal drainage + (ESBL) + (Intll) -
14 E. coli Urine + (ESBL) -
15 K. pneumoniae Sputum + (ESBL) + (Intll) _
16 Cedecea sp. Trachea secretion - + (Intll) dfrAl7-aadAS
17 Cedecea sp. Sputum - + (Intll) aadA2
18 Cedecea sp. Sputum - + (Intll) aadA2
19 B. cepacia Sputum - + (Intll) aadA2

MRSA: methicillin-resistant Staphylococcus aureus, MSSCON: methicillin-susceptive coagulase-negative Staphy-
lococcus, MRSCON: methicillin-resistant coagulase-hegative Staphylococcus.
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and E. coli strain ATCC 25922 were used as the pos-
itive and negative control, respectively.

Template DNA Preparation—— DNA used as a
template for PCR amplification was prepared from
overnight cultures grown in Luria-Bertani broth at
37°C. The bacterial cultures were diluted 10-fold
with Tris-HCI buffer 10mM (pH 8.0) containing
EDTA 1mM, boiled for 10 min, and cooled for
10 min in an ice-bath. Thereafter, the sample was
centrifuged at 12000 X g for 2 min, and the super-
natant containing DNA was collected.

PCR Amplification of the Integrase Gene and
Resistance Gene Cassette—— PCR amplification
for three classes of the integrase gene and for the re-
sistance gene cassette was performed as described
previously.!

PCR-Restriction Fragment Length Polymor-
phism (PCR-RFLP)—— The amplicons from
PCR using the primer set in-F/in-B were digested
for 1 hr with Mval, EcoRIl, or Pstl (TaKaRa Bio,
Otsu, Japan) and analyzed using 2.0% agarose
gel electrophoresis, followed by ethidium bromide
staining.

RESULTS

Antimicrobial Resistance and Production of -
Lactamase and ESBL

The antimicrobial susceptibility test of 19
strains showed that all strains were resistant to at
least two of the antibiotics used, and 9 strains were
resistant to more than four antibiotics. On the other
hand, only a few isolates were susceptible to the
antibiotics. As shown in Table 2, the antibiotic-
resistant percentage was mainly greater than 60%,
whereas none of the strains showed resistance to

imipenem.

Among the 19 strains tested, 12 isolates pro-
duced p-lactamase, in which 6 isolates showed
ESBL activity (Table 1).

Multiple PCR Amplification of the Integrase
Gene

In multiple PCR amplification, 11 strains
yielded a single 565bp PCR product, suggesting
that they have the class 1 intl1; however, the class 2
or 3 intll was not detected (Table 1).

PCR-RFLP

The intlI-positive strains were subjected to PCR
using the primers in-F and in-B to detect the an-
tibiotic resistance gene cassette. Four strains pro-
duced an amplicon of about 1.0 kb, while strain 16
produced an amplicon of about 1.7kb. When di-
gested, all of the 1.0kb amplicons had an identi-
cal RFLP pattern with the 1009 bp PCR product
of the class 1 integron present in Salmonella enter-
ica serovar Hadar strain S87 (Table 3), which con-
tained an aminoglycoside gene aadA2 (GenBank
accession no. AY258269).!9 On the other hand,
the 1.7 kb amplicon showed an identical RFLP pat-
tern with the 1664 bp PCR product of the class 1
integron present in E. coli strain D20 (Table 3),
which harbors the dfrl7 and aadA5 genes (Gen-
Bank accession no. AB189264) conferring resistant
to trimethoprim and aminoglycoside.!

DISCUSSION

Organ transplantation is often chosen for pa-
tients with end-stage renal disease.!” Although sig-
nificant advances have been made in surgical tech-

Table 2. Frequency of Antibiotic Resistance and Multiple Resistance in the 19 Strains

Species Resistance to antibiotic agents

PEN OXA AMP CZO FOX CAZ CTX CPS FEP IPM GEN SXT CIP CLI ERY TBT VAN
MRSA (n = 2) 212 22 21222 212 22 212 12 072
Coagulase-negative 5, g 55 3/5 55 215 5/5 0/5 0I5
Staphylococcus (n = 5)
E. faecium (n = 2) 2/2 2/2 12 2/2 12 112
E. coli(n=5) 5/5 5/5 2/5 2/5 5/5 0/5 3/5 05 3/5 4/5
K. pneumoniae (n = 1) v 11 11 11 11 o/1 0/1 0/11 1/1 1/1
Cedecea sp. (n = 3) 33 33 13 1/3 2/3 13 23 03 1/3 2/3
B. cepacia (n = 1) /1 11 11 o1 0o/1 o1 01 01 /1 0/1

MRSA: methicillin-resistant Staphylococcus aureus, PEN: penicillin, OXA: oxacillin, AMP: ampicillin, CZO: cefazolin, FOX: cefoxitin,
CAZ: ceftazidime, CTX: cefotaxime, CPS: cefoperazone/sulbactam, FEP: cefepime, IPM: imipenem, GEN: gentamicin, SXT: sulfamethoxa-
zole/trimethoprim, CIP: ciprofloxacin, CLI: clindamycin, ERY: erythromycin, TBT: tetracycline, VAN: vancomycin.
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Table 3. Classification of PCR Products Carrying the Gene Cassette by RFLP

Strain Restriction enzymes and fragment sizes (bp) Uncut PCR Identical RFLP
Mval EcoRII Pstl amplicon size (bp) pattern with
11 336, 673 334, 675 429, 580 1009 Salmonella enterica
17 336, 673 334, 675 429, 580 1009 Serovar Hadar strain
18 336, 673 334, 675 429, 580 1009 87
19 336, 673 334, 675 429, 580 1009
16 248, 464, 952 250, 464,950 142, 1522 1664 Escherichia coli

strain D20

niques, microbial infectious disease is still a serious
problem. Posttransplant bacterial infections are im-
portant because of the serious effects on patients as
well as graft outcomes.'® In this study, we inves-
tigated 19 patients for posttransplant bacterial in-
fection. Among 19 strains isolated from each of
the patients, 9 strains were gram-positive cocci in-
cluding methicillin-resistant S. aureus (2 strains),
coagulase-negative Staphylococcus (5 strains), and
Enterococcus faecium (E. faecium) (2 strains), and
10 strains were gram negative, which consisted of E.
coli (5 strains), K. pneumoniae (1 strain), Cedecea
sp. (3 strains), and Burkholderia cepacia (B. cepa-
cia) (1 strain). The infection was severe, and the
indwelling catheters might have provided the oppor-
tunity for the bacteria to invade the body. A total of
7 bacterial species were isolated herein, suggesting
that a broad range of microbial pathogens are asso-
ciated with the infection of renal transplantation re-
cipients, as reported previously.'®!?) Patients from
whom E. coli, coagulase-negative Staphylococcus,
and E. faecium were isolated had urinary tract infec-
tions, and S. aureus was isolated from pulmonary
infections. Therefore the clinical symptoms might
be mainly due to these isolates.

In this study, integron- and/or B-lactamase-
positive strains were isolated in a considerably high
percentage. The production of S-lactamase was ob-
served in 4 species and the integron was present in
at least 6 species. These results suggest horizon-
tal transfer of the genes. All 6 gram-positive cocci
producing S-lactamase were resistant to penicillin
and oxacillin, and the 6 ESBL-positive strains were
resistant to ampicillin, cefazolin, and cefotaxime.
Therefore it is evident either of the S-lactamases ac-
counts for resistance to S-lactam antibiotics. E. coli,
Cedecea sp., or B. cepacia that posesses the class
1 integron harboring the aadA2 cassette was resis-
tant to gentamicin, suggesting this integron might
be responsible for resistance to aminoglycosides.
However, it should be noted that E. faecium with

neither -lactamase nor the integron was also mul-
tiresistant. Therefore, although S-lactamase and the
class 1 integron may play important roles in drug
resistance, other genetic element(s) also contribute
to bacterial multiresistance.

In contrast to the gram-positive bacteria, the
gram-negative bacteria were more frequently inte-
grase positive. In agreement with this finding, oth-
ers have reported many gram-negative isolates have
the integron(s) and are multiresistant.”>=2% Bush?®
recently documented that ESBL might be the most
important resistance mechanism for penicillins and
cephalosporins in E. coli and Klebsiella sp. How-
ever, the present study showed that E. coli and K.
pneumoniae, which apparently produce ESBL, were
sensitive to cefoperazone/sulbactam. Further inves-
tigations are required to resolve this discrepancy.

In conclusion, the present study demonstrated
that the horizontal transfer of the class 1 integron
and the S-lactamase gene might contribute to the
spread of multiresistant bacteria among renal trans-
plantation patients.

Acknowledgements This work was supported
by the National Science Foundation of China
(20436020), Guangdong Province Science Founda-
tion (04020050), and the Scientific and Technologi-
cal Project of Guangzhou City (2004J1-C0161).

REFERENCES

1) Akbar, S. A., Jafri, S. Z. H.,, Amendola, M. A.,
Madrazo, B. L., Salem, R. and Bis, K. G. (2005)
Complications of renal transplantation. Radiograph-
ics, 25, 1335-1356.

2) Chiang, Y. G., Chen, C. H., Wu, C. T., Chu, S. H.,
Chen, Y., Liu, K. L., Chen S. W. and Chuang, C. K.
(2004) De novo cancer occurrence after renal trans-
plantation: a medical center experience in Taiwan.
Transplant. Proc., 36, 2150-2151.



No. 2

189

3)

4)

5)

0)

7

8)

9)

10)

11)

12)

13)

Amado, A. (2005) Cancer incidence after immuno-
suppressive treatment following kidney transplanta-
tion. Crit. Rev. Oncol. Hematol., 56, 71-85.
Charfeddine, K., Zaghden, S., Kharrat, M.,
Kamoun, K., Jarraya, F. and Hachicha, J. (2005) In-
fectious complications in kidney transplant recipi-
ents: a single-center experience. Transplant. Proc.,
37, 2823-2825.

Kumar, M. S., Cridge, P., Molavi, A., Stephan,
R. and Abouna, G. M. (1995) Infectious complica-
tions in the first 100 days after renal transplantation.
Transplant. Proc., 27, 2705-2706.

Rubin, R. H., Wolfson, J. S., Cosimi, A. B. and
Tolkoff-Rubin, N. E. (1981) Infection in the renal
transplant recipient. Am. J. Med., 70, 405-411.
Mendoza, M. T., Liquete, R. R., Ona, E. T. and
Alano, F. A. (1997) Infections in renal allograft re-
cipients: a review of the Philippine experience. Int.
J. Infect. Dis., 1,222-225.

Nogrady, N., Gado, 1., Toth, A. and Paszti, J. (2005)
Antibiotic resistance and class 1 integron patterns
of non-typhoidal human Salmonella serotypes iso-
lated in Hungary in 2002 and 2003. Int. J. Antimi-
crob. Agents, 26, 126-132.

Ploy, M. C., Lambert, T., Couty, J. P. and Denis, F.
(2000) Integrons: an antibiotic resistance gene cap-
ture and expression system. Clin. Chem. Lab. Med.,
38, 483-487.

Rowe-Magnus, D. A. and Mazel, D. (2001) Inte-
grons: natural tools for bacterial genome evolution.
Curr. Opin. Microbiol., 4, 565-569.

Stokes, H. W. and Hall, R. M. (1989) A novel family
of potentially mobile DNA elements encoding a site-
specific gene-integration function: integrons. Mol.
Microbiol., 3, 1669-1683.

Loon, H. G., Box, A. T. A., Verhoef, J. and Fluit,
A. C. (2004) Evaluation of genetic determinants in-
volved in S-lactam- and multi-resistance in a surgi-
cal ICU. Int. J. Antimicrob. Agents, 24, 130-134.
Mzali, F. H., Chanawong, A., Kerr, K. G,
Birkenhead, D. and Hawkey, P. M. (2000) Detec-
tion of extended-spectrum S-lactamases in members
of the family Enterobacteriaceae: comparison of
the MAST DD test, the double disc and the E-test

14

~

15)

16)

17)

18

~

19)

20)

21)

22)

23)

ESBL. J. Antimicrob. Chemother., 45, 881-885.
National Committee for Clinical Laboratory Stan-
dards (1999) Performance standards for antimi-
crobial susceptibility testing. NCCLS, Wayne, PA,
US.A.

Su, J. Y., Shi, L., Yang, L. S., Xiao, Z. H., Li, X.
H. and Yamasaki, S. (2006) Analysis of integrons in
clinical isolates of Escherichia coli in China during
the last six years. FEMS Microbiol. Lett., 254, 75—
80.

Zhang, H. M., Shi, L., Li, L., Guo, S. Y., Zhang,
X. M., Yamasaki, S., Miyoshi, S. and Shinoda,
S. (2004) Identification and characterization of
class 1 integron resistance gene cassettes among
Salmonella strains isolated from healthy humans in
China. Microbiol. Immunol., 48, 639—-645.

Kandus, A., Arnol, M. and Bren, A. F. (2005) Renal
transplantation in Slovenia after joining Eurotrans-
plant. Nephrol. Dial. Transplant., 21, 36-39.
Ferraresso, M. and Berardinelli, L. (2005) Noso-
comial infection in kidney transplant recipients: a
retrospective analysis of a single-center experience.
Transplant. Proc., 37, 2495-2496.

Kee, T., Lu, Y. M. and Vathsala, A. (2004) Spectrum
of severe infections in an Asian renal transplant pop-
ulation. Transplant. Proc., 36, 2001-2003.

Jones, M. E., Peters, E., Weersink, A. M., Fluit, A.
and Verhoef, J. (1997) Widespread occurrence of in-
tegrons causing multiple antibiotic resistance in bac-
teria. Lancet, 349, 1742—-1743.

Levesque, C., Piche, L., Larose, C. and Roy, P. H.
(1995) PCR mapping of integrons reveals several
novel combinations of resistance genes. Antimicrob.
Agents Chemother., 39, 185-191.

Martinez-Freijo, P., Fluit, A. C., Schmitz, F. J.,
Gerk, V. S. C., Verhoef, J. and Jones, M. E. (1998)
Class I integrons in gram-negative isolates from
different European hospitals and association with
decreased susceptibility to multipleantibiotic com-
pounds. J. Antimicrob. Chemother., 42, 689—696.
Bush, K. (2001) New beta-lactamases in gram-
negative bacteria: diversity and impact on the selec-
tion of antimicrobial therapy. Clin. Infect. Dis., 32,
1085-1089.



