Revista Romanhde Mediciw de Laborator Vol. 20, Nr. 3/4, Septembrie 2012 279

Original article

Class 1 integrons in drug-resistank. coli and
K. pneumoniae from blood stream infections

Integronii de clasa 1 la tulpinile de E. coli si K. pneumoniaeizolate din
hemoculturi si rezistente la antibiotice

Adriana Hristed?, Mihaela lon, Daniela Maxim, Leontina Banig®,
Maria Nic&, Mariana Buz€ea loana Bdicut', Mona Popoity CristinaTene3,
Adrian Streinu-Cercéf, loana Diana Olafu

1. “Prof. Dr. Matei Bals” National Institute for Ifectious Diseases, Bucharest, Romania
2. “Carol Davila” University of Medicine and Pharneg, Bucharest, Romania
3. “Victor Babg” Hospital of Tropical and Infectious Disease
4. University Emergency Hospital Elias, Buchar&imania

Abstract

Objective. The aims of our study were to assesprigence of class 1 integrons in drug-resistant E.
coli and K. pneumoniae from blood stream infecti(®SI) and to analyze their association with epiadogical
and clinical characteristics. Method#/e retrospectively studied BSI, classified as conityvacquired (CA),
health care associated (HCA), and hospital-acquifidd), caused by antibiotic-resistant E. coli andpgteumo-
niae strains from patients admitted to three h@dpiin Bucharest between January 2009 and May 2Bafient
characteristics were also collected and analyzeue Susceptibility testing was performed with digkigion
and automated methods. Integrons were detecteddby targeting the integrase gene. Results. Threelfean
and twenty-five Gram negative BSI isolates weratifled. Of these, the most common species wereE168li
(50%), and 67 K. pneumoniae (20%). Class | integrawere identified in 4Bf 77 drug-resistant E. coli and 18
of 26 K. pneumoniae drug-resistant isolates. Thesence of integrons in E. coli and K. pneumoniakeiffates
was significantly associated with trimethoprim-aniethoxazole resistance (p<0.01 respectively Oldiggron-
positive isolates were also more likely to be rasistant. The intl gene was detected among 1%)%DA, 17
(59%) HCA and 24 (67%) HA infections. Conclusibhe proportions of drug resistance in class 1 imegpos-
itive strains were higher than in those not cargyimtegrons, for both E. coli and K. pneumoniage¢mons
were significantly associated with trimethoprimfautethoxazole resistance. Most of resistant E. aotl K.
pneumoniae isolated either in CA, HCA or HA baat@ies are carrying class 1 integrons, which are basi
transferable.
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Rezumat
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Obiectivele studiului au fost evaluarea pregétintegronilor de clasa 1 la tulpini de E. cgliK. pneu-
moniae rezistente la antibiotice izolate din baietsnii si analizarea asocierii prezeei acestora cu caracteristici
epidemiologicei clinice. Metode Am studiat retrospectiv bactetiggrclasificate Tn comunitare, asociate ingri-

jirilor de sanatatesi nozocomiale, produse de E. cgliK.

pneumoniae, la pacigninternasi in trei spitale din

Bucursti intre ianuarie 200%i mai 2011, pentru care au fost inregistrate si brete datele clinice. Testarea
susceptibilitaii la antibiotice a fost realizat prin metoda difuzimetric si metode automatizate. Integronii de

clasa 1 au fost detegtgrin PCRintind gena integrazei.

Rezultate Au fost iderajfi@25 baciliGram negativi

izolari din hemoculturi Tn perioada studiat Dintre acetia cei mai frecvem au fost E. coli, 160 (50%ji K.
pneumoniae, 67 (20%). Integronii de clak au fost identifica Tn 42 din 77 tulpini de E. coli rezistente la an-
ti-microbienesi 18 din 26 tulpini de K. pneumoniae rezistentatai-microbiene. Prezea integronilor la tulpi-
nile de E. colisi K. pneumoniae izolate din hemoculturi a fost séicativ statistic asociat cu rezistera la tri-
metoprim-sulfametoxazol (p<0.01 respectiv p=0.0W)lpinile la care a fost detectaprezepa integronilor au
fost mai frecvent asociate cu multireziggernGena integrazei a fost evidiata la 17 (50%) din tulpinile de E.
coli si K. pneumoniae izolate din bacteriemii conane, 17 (59%) din infed sistemice asociate ingrijirilor de
sanatate si 24 (67%) din bacteriemiile dobandite in spitalori€luzii Proporia rezistemei la anti-microbiene la
tulpinile cu integroni de clasl a fost mai mare decat in randul tulpinilard integroni, atit pentru E. coli cat
pentru K. pneumoniae. Prezarintegronilor in tulpinile de E. colii K. pneumoniae izolate din hemoculturi este
semnificativ asociatcu rezistera la trimetoprim-sulfametoxazol Cele mai multe iilple E. colisi K. pneumo-
niae, rezistente izolate din bacteriemii comunitasociate ingrijirilor de 8natate si nozocomiale poait inte-

groni de clag 1, care sunt transferabili cusurinza.

Cuvinte cheie: integroni de clasa 1, bacteriemie, E. coli, Kepmoniae

Introduction

Blood stream infections (BSI) are an im-
portant cause of morbidity and mortality in hospit-
alized patients, who acquire their infection in the
community or hospital settings. Gram-negative ba-
cilli (GNB) are the major cause for the community-
acquired (CA) bacteremias and a major cause of
death in hospital acquired (HA) BSI.(1) In a re-
cently published study from Spain, GNB were
more frequent in health care associated (HCA)
bacteremias than in CA and HA infections (2).

Resistance of GNB to antimicrobial
agents is caused by many different genetic de-
terminants. Initially, multidrug resistance was not
anticipated, because the appearance of multiple
mutations responsible for antimicrobial resistance
was considered unlikely. It is now clear that bac-
teria were ready for such a challenge and had
already developed the genetic tools to confer mul-
tidrug resistance, including integrons. (Bhe ho-
rizontal transfer of drug resistance genes involves

systems such as plasmids, transposons and site-

specific recombination systems named integrons
(4). Integrons were described in the late 1980s (5)
and they are major vectors of antimicrobial mul-
tiresistance in GNB (6), because although not mo-
bile themselves, the integrons can be carried by
transposons and plasmids (7, 8)

At present, integrons can be classified
into mobile integrons (MI) and chromosomal in-
tegrons (CI), described in the late 1990s (3, 9)
There are five classes of MI, but the most clinic-
ally important and widespread is class 1. They are
detected mainly in GNB, although class 1 integ-
rons might also be found in Gram positive organ-
isms (3, 9) The sedentary Cl have been dis-
covered in the late 1990s and they are not in-
volved in the resistance phenotype, but seem to be
part of an adaptive genetic system, maintained
long time in the genome d@ram-negativebac-
teria, helping bacteria to adapt to the changing
world. On the other hand, these chromosomal ele-
ments are the source of the Ml and of their antibi-
otic resistance genes (3) the present study we
aimed to identify the presence of class 1 integrons
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in E. coli andK. pneumoniagsolated from BSI
and resistant to at least one antimicrobial drufy an
to look for their association with certain epidemi-
ological and clinical characteristics.

Material and method

Strain and clinical data collection

We reviewed 325 BSI caused by drug-res-
istant GNB strains from patients admitted to twe te
tiary infectious diseases facilities and in onesgain
hospital in Bucharest, Romania between January
2009-May 2011. Seventy-seven coli isolates and
26 K. pneumoniadsolates were included in our
study, and epidemiological and clinical data were
collected when the clinical records were available.

The data collected included: setting of
infection; demographic characteristics; underly-
ing diseases; source of BSI; prior antimicrobial
use; major surgery and history of urinary tract
infections (UTI) in the preceding 3 months of
the BSI episode. The BSI episode was defined
as HA if the first positive blood culture oc-
curred >48h after admission; all other episodes
were considered community-onset and sub-
sequently classified as HCA, if the patient had
been hospitalized within the preceding 90 days
or was undergoing hemodialysis within the pre-
vious 30 days. The remaining episodes were
classified as CA. The study was approved by
the ethics committee of the three hospitals.

Antimicrobial susceptibility testing

Bacteria were identified by classic tech-
nigues or automated methods: miniAPI,
VITEK2C. The susceptibility testing was per-
formed with disk-diffusion, automated methods
(CMI-ATB Expression/BioMerieux, VITEK2C),
according to (CLSI) guidelines (10, 11Jhe
clavulanic acid synergy test was used to identify
ESBL production. Antimicrobial agents tested,
included aminoglycosides, beta-lactams +/- beta-
lactamase inhibitors, carbapenems, cephems,
monobactams, quinolones, cyclines, trimethop-
rim-sulfamethoxazol and colistin in isolates res-
istant to multiple antimicrobial drugs. Multiple

281

drug resistance (MDR) was defined as resistance
to one or more agents in three or more classes of
tested drugs. Strains with intermediate susceptib-
ility were classified as resistant.

DNA isolation and PCR amplification
for integron

DNA was isolated by the QlAamp DNA
Blood Mini Kit, following manufacturer’s instructics.
Class 1 integrons were detected by PCR with specifi
primers using the protocol reported by Ajiboye.)(12
Primer sequences were used as previously published:
CCTCCCGCACGATGATC  for  IntllF  and
TCCACGCATCGTCAGGC for Intl1LR. PCR was per-
formed in 25 pl volumes containing 2 ul of template
DNA, 1.5 mM MgC}, 0.4 mM (each) deoxynucleoside
triphosphates (dNTPs), 1 U of Invitrogdaq poly-
merase, Linvitrogen PCR buffer and 2 pM of each
primer. PCR amplification was performed with
GeneAmp PCR System 9700 thermal cycler (Applied
Biosystems). PCR conditions for class 1 integram- ¢
sisted of an initial denaturation step of 5 mir0s°C
followed by 35 cycles of denaturation for 1min 4°C,
annealing for 1min at °C, extension for 2 min at
72°C and a final extension step for 7 min a°C. PCR
products were resolved by electrophoresis at 166y V
1 h on 2% agarose gel with 1x TAE buffer containing
ethidium bromide and were visualized under UV light

Statigtical analysis

In order to identify the characteristics asso-
ciated with the presence of class 1 integrons tin ou
study population, we tested for differences between
isolates with and without class 1 integrons udieg t
chi-square test for categorical variables and the
Mann-Whitney U test for continuous variables.

Results

Between January 2009 and May 2011,
325 BSI isolates were identified. The most
common isolates werg&. coli (163, or 50%),
andK. pneumonia€67, or 20%). One hundred
and nineteen (73%lft. coli and 39 (58%)K.
pneumoniaevere resistant to at least one anti-
microbial class. Here, we examined 103 resist-
ant isolates (7E coliand 26K. pneumoniag
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(37%) ESBL-negativ&. coli strains
(p>0.05). ESBL-producing(. pneu-
moniaestrains were found to carry
class 1 integrase gene in 17 (74%)
isolates, compared with 6 (26%) ES-
BL-negative strains (p>0.05).

We could collect clinical
and epidemiological data for 99 pa-
tients, from 34 CA, 29 HCA and 36
HA infections. Theintl gene was
detected among 17 (50%) CA, 17
(59%) HCA and 24 (67%) HA in-

Figure 1. Agarose gel electrophoresis of integrasgene PCR fections (p>0.05). Although it did
amplification products: Lane L — 100 base-pair DNA ladder; lanesyot reach statistical significande,
1-24 drug resistant isolates; PC — positive conthC — negative pneumoniasstrains carrying class 1

control. Isolates from lanes 1, 3, 5, 7, 8, 101¥521-24 had the class

1 integrase gene.

The PCR amplification products were
visualized by agarose gel electrophoresig{
ure 1). Intll gene was detected in 42 (54%)
coli and in 18 (69%K. pneumoniae.

The proportions of drug resistance in class
1 integron-positive strains were higher than those
that did not carry the integrons, for bdcoli and
K. pneumonigTable 7). However, quinolone resist-
ance wasnore frequent in class 1 integron-negative
E. coli isolates (57% vs 43%). Twenty-nine (76%)
trimethoprim-sulfamethoxazole-resistanE.  coli
strains were carrying intll gene compared to 9
(24%) in those susceptible to trimethop-
rim-sulfamethoxazole (p<0.01). F&r pneumoniae
trimethoprim-sulfamethoxazole-resistant straing, th

integrase gene were identified
mainly from HCA and HA infec-
tions, while inE. coliclass 1 integ-
rase gene was identified in similar proportion in
CA, HCA and HA infectiongTable 2).

Patient characteristics, clinical features and
in-hospital mortality of BSI caused by resistgint-
terobacteriaceaare shown inable 3 Strains car-
rying class 1 integrons were detected in patieitits w
median age of 67 years (range 4-90 years), com-
pared with 63 years (range 4-87 years) in patients
fected with integron-negative. The most common
source of BSI in this study was the urinary trhct.
our study 44 (57%I. coli strains and 7 (27%.
pneumoniaavere responsible for UTIClass 1 in-
tegrons were present in almost half of these strain
There was no significant difference between the
presence or absence of class 1 integrons among BSI

gene encoding class 1 integrons was detected in 16 GNB isolates from patients with recent surgery; ant

(84%) strains, compared to 3 (16%) in those sus-
ceptible to trimethoprim-sulfamethoxazole (p=0.01).
Multidrug resistance phenotypes were
found in 37 (48%) ofE coli isolates and 22
(85%) ofK. pneumoniaésolates. The genes en-
coding class 1 integrons were foundBn coli
and K. pneumoniagn 28 (76%) MDR and 9
(24%) non-MDR (p<0.05) respectively 18
(82%) MDR and 4 (18%) non-MDR (p<0.05).
Class 1 integrase genes were detected in
17(63%) ESBL-producinge. coli strains and 10

microbial use or recent UTI. Co-morbidities such as
diabetes, chronic liver or kidney disease, cancer,
HIV infection or alcohol abuse were seen in similar
proportions in the two groups.

Discussion

The classl integrons are found in clin-
ical isolates and most of the known antimicrobi-
al-resistance-gene cassettes belong to this class.
More than 130 different cassettes have been



Table 1. Antimicrobial resistance for 103 resistankE.coli and K.pneumoniae isolated from BSI

E coli N=77

Class 1 integron

K pneumoniae N=26
Class 1 integron

Total
Class 1 integron

|

Resistance Positive | Negative value Positive | Negative value Positive | Negative OR (CI 95%)
N (%) N@) | N |P N | New | P N (@) | N (%) p
Penicillins 3.82 (0.61-30.1)
N=96 (93) 40 (57) 30 (43) >0.05 18 (69 8 (31) NA 58 (60) 38 (40) =01
Penicillins/beta-lactamase inhibitors
AMC/TCC/TZP 26(62) | 16(38)| >005| 17(71] 79| 006 43(6p) 23(3p) 220(0:90-544)

- p =0.09
N=66 (64)
Third generation cephalosporins )
CAZICRO/CTX 17 (63) | 10 (37) >0.05| 17 (74 6 (26) >0.06 34(6B) 16 (3R) 221 (9'92 5.34)

_ p =0.08
N=50 (49)
Forth generation cephalosporins OR*
FEP 14 (70) 6 (30) >0.05 15 (83 3(17) >0.0% 29 (76) 9 (24) 2003
N=38 (56) p=0.
Carbapenems OR*
IMP/MER/ETP 2 (100) 0 >0.05 | 2 (100) 0 >0.05§ 4 (10Q) 0 _

_ p=01
N=4 (4)
Aminoglycosides )
GEN/TOB/AMK/NET 1763)| 10@7| >005| 17(77] 5(23)| 006 34(6p) 15(3h) 244 (1.01-5.96)

= p=0.04
N=49 (48)
Quinolones i
CIP/LVX/NOR 18(43) | 11(57)| >0.05| 16 (73 6 (27) >0.06 34(6F7) 17 (3B) 20 (0;84 4.81)

_ p=01
N=51 (50)
Nty T Suamethoxazo! 29(76)| 9(24) | <0.05| 16(84) 3(16) <0.05 45(7H) 12 (2l1) .7593.6-29.21) p=0.001
One antimicrobial class 4 (25) 12 (75) <0.05 0 1 (100) >0.05 4 (23 13 (77) 0.0804-0.61) p=0.03
Two antimicrobial classes 10 (42) 14 (58) >0.05 0 3 (100) <0.0" 10 (37) 17 (78) 0(8111-0.83) p=0.01
Three antimicrobial classes 28 (76) 9 (24) <0.05 18 (82 4 (18) <0.0% 46 (78) 13 (2PR) .8 (2.88-20.41) p=0.001
ESBL-positive 17(63) | 1037)| >0.05] 17 (74 6 (26) >0.06 34(6B) 16 (3R)2.21 (0.92-5.34) p=0.08
Total 42 (54) 35 (46) 18 (69) 8 (31) 60 (58 43 (42)

OR (odds ratio)* =OR undefined

Resistance was considered when the strain wasamisie at least one of:
- ampicillin/clavulanate (AMC), ticarcillin/clavuteate (TCC), piperacillintazobactam (TZP) for Pélis/betalactamase inhibitors
- ceftriaxon (CRO), cefotaxim (CTX), ceftazidim (@A for Third generation cephalosporins
- cefepime (FEP) for Fourth generation cephalosigori
- imipenem (IMP), meropenem (MER) or ertapenem (HoPCarbapenems

2T0Z 2Uquwialdas ‘v/€ "IN ‘02 "JOA 10¥eIogeT 9p RIDIPSN SPUBLIOY BISIADY

€8¢
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Table 2. The presence of Class 1 integrons accorgito the setting of infection

Class 1 integron positive isolates Community acquired Health care associated Hospital associated

N (%) N=34 N=29 N=36 p-value

E coli

N=41 16 (39) 12 (29) 13 (32) 0.50
KlebS|eI’I\?:[1r;eumonlae 1(6) 5 (29) 11 (65) 0.80

Total

N=58 17 (29) 17 (29) 24 (42) 0.36

Table 3. Patient characteristics and clinical feattes of patients with BSI
due toE. coli and K. pneumoniae carrying Class 1 integrons

Class 1 integron-
positive isolates

Class 1 integron-
negative isolates

N (%) N (%)
Male gender 38 (63) 21 (49)
Urinary source of bacteremia 29 (48) 22 (51)
Chronic renal disease 3(5) 7 (16)
Chronic liver disease 8 (13) 8 (18)
Solid cancer 11 (18) 3(7)
Hematological cancer 5(8) 4 (9)
HIV infection 3 3(7)
Alcohol abuse 5(8) 2(5)
Diabetes 14 (23) 13 (30)
Recent surgery (the preceding 3 months) 20 (33) 3ap (2
Recent antimicrobial use 22 (37) 16 (37)
Recent history of UTI 17 (28) 8 (19)
In hospital mortality 15 (25) 5(12)
Total 60 (58) 43 (42)

identified and they carry antibiotic resistance

Class 1 integrons have been detected in

genes responsible for resistance to most classes of GNB isolated from many animals, demonstrating

antimicrobials, including beta-lactams, amino-
glycosides, trimethoprim-sulfamethoxazole, quino-
lones, but also antiseptics like quaternary ammoni-
um-compounds (13).

The occurrence dhtll gene among BSI
drug-resistank. coli and K. pneumoniadsolates
in three hospitals in Bucharest was very high. More
than half of drug-resistai. coli andK. pneumo-
niae harbored class 1 integrons. Furthermore, in-
tegron-positive isolates were more likely to be
multi-resistant than integron-negative isolates.

that commensal strains from food-producing an-
imals may be an important source of integrons
carrying antibiotic resistance genes (12, 14)

We found that a large proportion of tri-
methoprim-sulfamethoxazole-resistait. coli
(76%) andK. pneumonia€79%) carried class 1
integrons. Integrons are frequently found
among uropathogentie. coli (15). Although we
did not look for the gene cassettes in the class 1
integrons, other studies have reported the pres-
ence of thedfr (dyhydrofolate reductase) gene
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in high proportions of trimethoprim-sulfameth-
oxazole-resistant uropathogeric coli, which
may account for the rapid emergence of tri-
methoprim-sulfamethoxazole resistance in UTIs
from many communities. Class 1 integrons
were found to be an important genetic element
of resistance to trimethoprim-sulfametoxazol,
which may be a trigger for the expression of the
integrase, through the stress response system
(SOS system). (16) he high frequency of BSI
drug-resistank. coli carrying class 1 integrons
in this study demonstrates the importance of
community-acquired UTIs as a major source of
more serious hospital infections.

The presence of integrons is not associ-
ated with certain risk factors for BSI, like ad-
vanced age or various co-morbidities. Among
these co-morbidities recent surgery in the pre-
ceding three months, diabetes and cancer have
been associated with bacteremias due to Gram-
negative organisms, regardless of the presence
of the class 1 integrons.

The main limitation of our study is the
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