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Received 18 June 2015 in outbreaks worldwide. Our aim was to determine the antimicrobial susceptibility, biofilm production,
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Methods: Consecutive clinical isolates (n=56) were collected in two tertiary care hospitals in Mexico
from 2011 to 2014. VREF isolates were characterized by phenotypic and molecular methods including
3 pulsed-field gel electrophoresis (PFGE).

Enterococcus faecium R . . . . . .
Mexico Results: VREF isolates were highly resistant to vancomycin, erythromycin, norfloxacin, high-level
Clonal diversity streptomycin, and teicoplanin, and showed lower resistance to tetracycline, nitrofurantoin and
VanB phenotype-vanA genotype quinupristin-dalfopristin. None of the isolates were resistant to linezolid. The vanA gene was detected in
all isolates. Two VanB phenotype-vanA genotype isolates, highly resistant to vancomycin and susceptible
to teicoplanin, were detected. Furthermore, 17.9% of the isolates were classified as biofilm producers,
and the espfm gene was found in 98.2% of the isolates. A total of 37 distinct PFGE patterns and 6 clones
(25% of the isolates as clone A, 5.4% as clone B, and 3.6% each as clone C, D, E, and F) were detected. Clone
A was detected in 5 different wards of the same hospital during 14 months of surveillance.
Conclusion: The high resistance to most antimicrobial agents and the moderate cross-transmission of
VREF detected accentuates the need for continuous surveillance of E. faecium in the hospital setting. This
is also the first reported incidence of the E. faecium VanB phenotype-vanA genotype in the Americas.

© 2015 Elsevier Espafia, S.L.U. and Sociedad Espafiola de Enfermedades Infecciosas y Microbiologia

Clinica. All rights reserved.
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Caracterizacion fenotipica y genotipica de aislamientos clinicos de
Enterococcus faecium resistente a vancomicina de 2 hospitales en México:
primera deteccion del fenotipo VanB-genotipo vanA

RESUMEN

Palabras clave: Introduccién: Enterococcus faecium multifarmacorresistente es un importante patégeno intrahospitalario
Resistencia a vancomicina que a nivel mundial se ha asociado con brotes hospitalarios. El objetivo de este trabajo fue determinar la
E”f"_mCOCC”SfaeCi”m susceptibilidad a los antimicrobianos, la formacién de biopelicula y la relacién clonal de los aislamientos
México clinicos de Enterococcus faecium resistentes a vancomicina (EFRV) en México.
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Diversidad clonal
Fenotipo VanB-genotipo vanA

P. Bocanegra-Ibarias et al. / Enferm Infecc Microbiol Clin. 2016;34(7):415-421

Meétodos: Se recolectaron 56 aislamientos clinicos en 2 hospitales mexicanos de 2011 a 2014. Los ais-
lamientos de EFRV fueron caracterizados por métodos fenotipicos y moleculares.

Resultados: Los aislamientos de EFRV fueron resistentes a vancomicina, eritromicina, norfloxacina, estrep-
tomicina de alto nivel y teicoplanina. Presentaron baja resistencia a tetraciclina, nitrofurantoina y
quinupristina-dalfopristina. Ningtn aislamiento present6 resistencia a linezolid. El gen vanA se detecté en
todos los aislamientos. Dos aislamientos presentaron un fenotipo VanB-genotipo vanA, que se caracteriza
por la resistencia a vancomicina y la susceptibilidad a teicoplanina. El 17,9% de los aislamientos fueron
productores de biopelicula y el 98,2% presentaron el gen espfm. Se obtuvieron 37 patrones de bandas
diferentes y 6 clonas (25% de la clona A, 5,4% de la clona By 3,6% de las clonas C, D, Ey F, respectivamente).
La clona A se detect6 en 5 diferentes salas hospitalarias en el mismo hospital durante 14 meses.
Conclusion: La alta resistencia a los antimicrobianos, junto con la moderada transmisién cruzada de EFRV
encontradas en este estudio, acenttian, la necesidad de una vigilancia continua de este microorganismo en
el ambiente hospitalario. Ademas, este es el primer reporte de E. faecium con un fenotipo VanB-genotipo
vanA en América.

© 2015 Elsevier Espaiia, S.L.U. y Sociedad Espaiiola de Enfermedades Infecciosas y Microbiologia Clinica.

Todos los derechos reservados.

Introduction

Over the past few decades, Enterococcus species have become
one of the most challenging nosocomial problems worldwide due
to, in part, the increased use of vancomycin and broad-spectrum
antibiotics in hospital. Enterococci can cause a range of nosoco-
mial infections, including urinary tract infections, endocarditis,
intra-abdominal and pelvic infections, catheter-related infections,
surgical wound infections, and central nervous system infections.!
One of the most common species of Enterococcus involved in noso-
comial infections is Enterococcus faecium which is much more
frequently resistant to vancomycin and ampicillin than Enterococ-
cus faecalis. Consequently, vancomycin-resistant E. faecium (VREF)
represents a growing threat in hospital-acquired infections.?

Enterococci are intrinsically resistant to several antibiotics, and
they also readily accumulate mutations and exogenous genes that
confer additional resistance. The acquisition of resistance genes
often occurs via conjugation with plasmids or conjugative trans-
posons that can potentially carry multiple antibiotic resistance
genes.!

Acquired resistance to vancomycin in E. faecium is an increas-
ing problem particularly in hospital-acquired infections. Different
genotypes of vancomycin resistance, vanA-G, have been described
in enterococci. The vanA and vanB genotypes in E. faecium are
most commonly found worldwide, with vanA predominating.?
These genotypes are associated with different levels of antibiotic
resistance. The vanA genotype is associated with a high level of
vancomycin and teicoplanin resistance, the vanB genotype is asso-
ciated with a moderate to high level of vancomycin resistance and
teicoplanin susceptibility, and the vanC genotype is associated with
an intrinsically low level of vancomycin resistance.*

In addition to antibiotic resistance, biofilm formation may be
an important factor in the pathogenesis of enterococcal infection.
E. faecium is capable of producing biofilms, which consist of a
population of cells encased in a hydrated matrix of exopolymeric
substances that attach irreversibly to various biotic and abiotic
surfaces.” In fact, enterococci can survive on environmental
surfaces, including medical equipment, for long time periods.! It
has been proposed that many environmental and genetic factors
are associated with biofilm production, including the enterococcal
surface protein, Esp (fim).>® Few studies have included an analysis
of VREF clinical isolates from Mexican hospitals”® and even
fewer have reported a molecular analysis of such isolates.”-9-12
Therefore, the aim of this study was to examine the antimicrobial

susceptibility, biofilm production, and clonal relatedness of VREF
clinicalisolates obtained from two tertiary care hospitals in Mexico.

Methods
Clinical isolates and study population

From 2011 to 2014, consecutive E. faecium isolates were
collected at two tertiary care hospitals in Mexico: Hospital Uni-
versitario “Dr. José Eleuterio Gonzalez” in Nuevo Leon and Hospital
Civil de Guadalajara and Instituto de Patologia Infecciosa y Exper-
imental “Dr. Francisco Ruiz Sanchez” in Jalisco. The Hospital
Universitario “Dr. José Eleuterio Gonzalez” is a 450 bed tertiary-
care teaching hospital located in the city of Monterrey, the third
largest city in Northeastern Mexico. The hospital provides care to
adult and pediatric patients in 20 wards located in a main build-
ing and additional services in 3 connected buildings. This hospital
serves a population that includes the Monterrey metropolitan area,
including 51 municipalities (approximate 5 million Hab.) and sur-
roundings states. During 2013 there were 24,572 discharges, 7667
surgical procedures and a 96.3% daily occupancy rate with patients
having a mean length of stay of 4.94 days. The Hospital Civil de
Guadalajara Fray Antonio Alcalde is an 899-bed tertiary-care teach-
ing hospital located in the city of Guadalajara, the second largest
city in western Mexico. The hospital provides care to adult and pedi-
atric patients in 31 wards situated among 3 connected buildings.
This hospital serves a population that includes the greater Guadala-
jara metropolitan area, including 7 municipalities (approximately
4.0 million Hab) and surroundings states. During 2013 there were
45,982 discharges, 25,415 surgical procedures, and a 94.7% daily
occupancy rate with patients having a mean length of stay of 6.2
days.

During the 4-year study period, 151 isolates of E. faecium were
collected, and 56 isolates (37.1%) were vancomycin-resistant, of
which 48 (85.7%) isolates were from Monterrey and 8 (14.3%) were
from Guadalajara. All isolates were considered as presumptive
causative agents of infection. One isolate per patient was assayed.
The majority of the isolates were recovered from urine (33.9%),
followed by blood (23.2%), and soft tissue (14.3%). Most isolates
(58.9%) were obtained from intense care unit (ICU) patients. All
isolates were cultured on 5% sheep blood agar plates at 37 °C for
24 h and identified using biochemical tests (i.e., 6.5% NaCl growth,
bile esculin hydrolysis, and potassium tellurite reduction). All E. fae-
cium isolates were stored at —80 °C until further use. We retrieved
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demographic data from the patients’ charts as well as informa-
tion about common risk factors, such as prior antibiotic exposure,
hospitalization, and invasive device usage.

Ethics statement

The local ethics committee (Comité de Etica y Comité de
Investigacion, Facultad de Medicina y Hospital “Dr José Eleu-
terio Gonzalez”, Universidad Auténoma de Nuevo Le6n, Mexico)
approved this study with the following reference number GA14-
015. Informed consent was waived by the Ethics Committee
because no intervention was involved and no patient identifying
information was included.

Antimicrobial susceptibility and presence of vancomycin
resistance-associated genes

Broth microdilution susceptibility testing of E. faecium was per-
formed in Sensititre plates (Thermo Scientific-TREK Diagnostic
Systems, Ohio, USA) according to the manufacturer’s instructions.
The antibiotics tested included erythromycin, ampicillin, high-level
streptomycin, high-level gentamicin, linezolid, nitrofurantoin, nor-
floxacin, quinupristin/dalfopristin, tetracycline, teicoplanin, and
vancomycin. The results were interpreted according to the Clinical
and Laboratory Standards Institute (CLSI) criteria.!® All E. faecium
isolates were screened for the presence of vanA, vanB, and vanC as
previously described.'*

Biofilm production and presence of biofilm production-associated
genes

Biofilm formation was determined using crystal violet stain-
ing as previously described with some modifications.'® All isolates
were tested in two different experiments conducted on different
days. Cultures diluted 1:40 in 200 ul of tryptic soy broth contain-
ing 1% glucose were inoculated into 96-well polystyrene plates
(Falcon, Franklin Lakes, NJ, USA). After 24 h of incubation at 37 °C,
planktonic cells were removed for determination of cell density
at 600nm, and plates were washed 3 times with sterile phos-
phate buffered saline (PBS), pH 7.3. The adherent biofilms were
stained with 0.1% crystal violet for 15 min at room temperature,
washed 5 times with sterile PBS, and allowed to dry. Finally, an
ethanol:acetone (80:20) solution was added to the biofilm sam-
ples, and the optical density at 595nm (ODsg5) was read. The
American Type Culture Collection (ATCC) strains, Staphylococcus
aureus 29213 (high biofilm producer) and Escherichia coli 25922
(low biofilm producer) were used as controls. Isolates were classi-
fied as non-adherent (OD < 0.120), weakly adherent (OD > 0.120 to
0.240), or strongly adherent (OD > 0.240) according to the criteria
described by Christensen et al.'® Determination of the biofilm index
was performed using the method previously described by Kristich
et al.’> Presence of the espfm gene was determined by PCR using
the designed primer, espfm-F (5-TTGCTAATGCAAGTCCACGTCC-
3’) and primer TE105 (5'-GCATCAACACTTGCATTACCGAA-3’), the
sequence of which has been previously reported.!” Each 25-pl reac-
tion mixture consisted of 1X PCR buffer, 2 mM MgCl,, 0.2 mM of
each dNTP, 200nM of each primer, 1U of AmpliTaq polymerase
(Bioline USA Inc., Randolph, MA, USA) and 2 pl of DNA. PCR was
initiated by denaturation for 1 min at 94°C, followed by 30 cycles
of 45s at 94°C, 45s at 58°C and 45s at 72°C with final exten-
sion for 1min at 72°C. The PCR products were separated on a
2% agarose gel with a molecular weight standard ladder, and the
ethidium bromide-stained bands were visualized by UV transillu-
mination.

Clonal diversity by pulsed-field gel electrophoresis (PFGE)

The genetic relatedness of all E. faecium isolates was analyzed
by PFGE as previously described with modifications.'® The plugs
were incubated overnight in lysis buffer supplemented with RNase
(5 mg/ml) and lysozyme (1 mg/ml), followed by incubation in fresh
lysis buffer with proteinase K (0.5 mg/ml) at 55°C for 24 h. DNA
was digested with the restriction enzyme, Smal, and electrophore-
sis was performed on the CHEF-DR Il system (Bio-Rad Laboratories,
Hercules, CA, USA) at 6 V/cm, with linear switching interval ramps
from 3.5s to 255 for 12 h at 14°C for the first block, followed by
1s to 55 for 8 h for the second block. Band patterns were visually
compared after ethidium bromide staining, and the interpretation
was based on the criteria of Tenover et al.'®

Statistical analysis

Statistical analysis was performed in the SPSS statistics 20.0
software (IBM Corporation, Somers, NY, USA). Demographic and
clinical characteristics were compared using Fisher’s exact test for
percentages and Wilcoxon rank test for continuous variables; a
P value of <0.05 was considered as statistically significant. PFGE
band patterns were generated by Labworks 4.5 software (Ultra-
Violet Products, Upland, CA, USA) with 1% tolerance. The similarity
coefficients were generated from a similarity matrix calculated
using the Jaccard’s coefficient.

Results
Demographic and clinical characteristics

We retrieved demographic data from 49 of 56 patients (41 from
Monterrey and 8 from Guadalajara). Patients from Monterrey had
a mean age of 49.8 years and were hospitalized mainly for intra-
abdominal or lower respiratory tract infections. The majority of
patients had been in the ICU with a median stay of 19 days, and
60.9% (n=25) of the patients had received one to three antibi-
otics before E. faecium was detected. Most patients were treated
with carbapenems and cephalosporins. Patients from Guadala-
jara had a mean age of 44.6 years and were hospitalized mainly
for lower respiratory tract or other infections. The majority of
patients had been in the ICU with a median stay of 26.2 days,
and 87.5% (n=7) of the patients had received at least four antibi-
otics before E. faecium was detected. Most patients were treated
with carbapenems and cephalosporins. There were significant dif-
ferences in the percentage of isolates from blood, patients with
neutropenia and a higher number of patients with prior use of 4
or more antibiotics (especially aminoglycosides) in the group from
Guadalajara compared to the group from Monterrey (p <0.05 for
all, Table 1).

Antimicrobial susceptibility

The minimum inhibitory concentration (MIC) range, MICsg,
and MICgqq, as well as the percentage of isolates resistant, inter-
mediately resistant, and susceptible to each of the antimicrobial
agents tested are shown in Table 2. Based on the CLSI inter-
pretive criteria, the E. faecium isolates from Monterrey were
highly resistant to vancomycin (100%), ampicillin (100%), ery-
thromycin (100%), norfloxacin (100%), high-level streptomycin
(85.4%) and teicoplanin (81.3%). The isolates exhibited lower
resistance to high-level gentamicin (68.8%), tetracycline (54.2%),
nitrofurantoin (45.8%), and quinupristin/dalfopristin (6.25%).
The E. faecium isolates from Guadalajara were highly resistant
to vancomycin (100%), teicoplanin (100%), ampicillin (100%),
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Table 1
Demographic and clinical characteristics of patients.
Characteristic No. (% of patients or range) No. (% of patients or range) Pvalue
Monterrey Guadalajara
No. of patients 41 8
Mean age (range) 49.8 (16-86) 18.9 (0-74) 0.007
Male 23(56) 6(75) 0.444
Specimens
Urine 19(46.3) - -
Blood 6(14.6) 6(75) 0.001
Soft tissue 8(19.5) - -
Ascities 4(9.7) - -
Respiratory secretions 2(4.8) - -
Other 1(24) 2(25) 0.065
Primary diagnosis
Lower respiratory tract infection 5(12.1) 3(37.5) 0.110
Intra-abdominal infection 12(29.2) - -
Urinary tract infection 4(9.7) - -
Bacteremia 0 2(25) -
Other 20(48.7) 3(37.5) 0.706
Comorbidities
End stage renal disease
With RRT 9(21.9) - -
Without RRT 18(43.9) - -
Cancer 5(12.1) - -
Neutropenia 3(7.3) 4(50) 0.009
Previous hospitalization
>72h (%) 13(31.7) 1(12.5) 0.410
<72h (%) 3(7.3) - -
Median ICU LOS (days) 19(4-59) 26.2 (0-66) 0.663
Median time of mechanical ventilation (range) 18(4-50) 18(11-25) 0.984
Median duration of central line use (range) 23(4-54) 15 0.705
Median duration of urinary catheter use (range) 23.5(4-80) 20 0914
LOS prior to positive culture (range) 16(0-66) 21.7 (10-33) 0.372
LOS after positive culture (range) 9(0-116) 11.8 (0-36) 0.498
Number of antibiotics used prior to E. faecium isolation
1-3 25(60.9) 1(12.5) 0.018
4 or more 16(39) 7(87.5) 0.018
Class of antibiotic used prior to E. faecium isolation
Carbapenems 23(56.0) 6(75) 0.4440
Cephalosporins 22(53.6) 6(75) 0.438
Fluoroquinolones 9(21.9) 4(50) 0.183
Vancomycin 12(29.2) 1(12.5) 0.663
Metronidazole 10(24.3) 2(25) 0.970
Aminoglycosides 5(12.1) 4(50) 0.028
Penicillins 3(7.3) 2(25) 0.182
Other 6(14.6) 3(37.5) 0.151

RRT =renal replacement therapy; APACHE = acute physiology and chronic health evaluation; LOS = length of stay.

erythromycin (100%), norfloxacin (100%), high-level streptomycin
(100%) and high-level gentamicin (100%). The isolates exhibited
lower resistance to tetracycline (87.5%), nitrofurantoin (37.5%),
and quinupristin/dalfopristin (12.5%). None of the isolates were

Table 2
Antimicrobial susceptibility of E. faecium isolates.

resistant to linezolid. The vanA gene was detected in all isolates;
however, neither vanB nor vanC was detected in any isolate. We
also detected two VanB phenotype-vanA genotype isolates (MX13-
1542 and MX13-0631), which were highly resistant to vancomycin

Antimicrobial agent MIC (pgml-1) No. (%) of isolates®

Range 50% 90% Resistant Intermediate Susceptible
Ampicillin 64 to >64 >64 >64 56 (100.0) 0(0.0) 0(0.0)
Erythromycin >4 to >4 >4 >4 56 (100.0) 0(0.0) 0(0.0)
High-level streptomycin <1000 to >1000 >1000 >1000 49 (87.3) 0(0.0) 7(12.5)
High-level gentamicin <500 to >500 >500 >500 41(73.2) 0(0.0) 15(26.8)
Linezolid <2to <2 <2 <2 0(0.0) 0(0.0) 56 (100.0)
Nitrofurantoin 64 to >64 64 >64 25 (44.6) 31(55.5) 0(0.0)
Norfloxacin >8 to >8 >8 >8 56 (100.0) 0(0.0) 0(0.0)
Quinupristin/dalfopristin <1to>2 <1 >2 3(54) 7(12.5) 46 (82.1)
Tetracycline <2to>8 8 >8 27 (48.2) 1(1.8) 28(50.0)
Teicoplanin <8to>16 >16 >16 47 (83.9) 7(12.5) 2(3.6)
Vancomycin >16 to >16 >16 >16 56(100.0) 0(0.0) 0(0.0)

2 Classification of isolates as resistant, intermediate, or susceptible based on CLSI interpretive criteria.
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Similarity, % Strain ID PFGE pattern  Clone Hospital ward Clinical specimen Collection State of

75 80 85 90 95 100 date  origin
| ] 1 | | |

[J Mx13-2381 Y B  General medicine Wound 11/2213  NL

Mx14-0850 " B General surgery Fistula 03/18/14  NL

] Mx13-2379 [N B  General medicine Wound 1122113 NL

mxi4-1319 iR FH Adult ICU Blood 05/13/14  JA

MX13-2002 B F  Emergency room Urine 10/30/13  NL

— L mx13-2003 [ F Surgery ICU Urine 10/30/13  NL

MX14-0106 [N EE  Internal medicine Urine 01/1414 NL

Mx13-2631 [ CC Surgery ICU Urine 12/2713  NL

— MX13- 2380— BB General medicine Wound 11/22/14  NL

vx11659 [ M Pediatric ICU Blood 12005/11  JA

vx11504 | IR C Surgery ICU Pleural fluid 11/30/11  JA

- L Mx11758 [ C Adult ICU Endotracheal aspirate 01/23/12  NL

MX13-0874_ X General surgery Soft tissue 07/12/13 NL

mx14-0497 I FF Surgery ICU Urine 02/14/14  NL

vxi2102 | IR © Adult ICU Catheter 03/22/12  NL

| mx12415 e G Adult ICU Urine 05/2512  NL

MX14536 _ T General medicine Wound 03/14/13 JA

MX13-1484 E Pediatric ICU Blood 09/06/13  JA

L mx13-1488 E Pediatric ICU Blood 09/06/13  JA

MX11108 |  IDEEEE S Surgery ICU Blood 09/10/11  NL

| Mx13-1506 MMM Z  Surgery ICU Urine 09/06/3  NL

Mx14048 | R © Surgery ICU Peritoneal fluid ~ 01/15/13  NL

— I_E MX14412 Il 0 Urology Urine 03/04/13  NL

|| Mx13-0507 S D' internal medicine Urine 05/30/13  NL

_I_ vMx14460 | SR S Adult ICU Urine 03/08/13  NL

— ! MX13-0580 M W General surgery Peritoneal fluid ~ 06/10/13  NL

— MX14-0744 Y A General medicine Wound 03/07/14 NL

H Mxt14-0824 [ A AB surgery Peritoneal fluid ~ 03/14/14  NL

H MX14-0287 [ A Surgery ICU  Bronchoalveolar lavage 02/04/14 ~ NL

L MX13-1701 | el A Internal medicine Ulcer 09/24/13  NL

L mx13-1542 | I A Adult ICU Urine 09/10/13  NL

H MX13-0631 | [ A Adult ICU Blood 06/19/13  NL

H H Mx13-0220 | TR A Surgery ICU Skin biopsy 05/09/13  NL

L MX13-0169 M @ A Surgery ICU Urine 04/30/13  NL

L MX13-0049 [l A Neurosurgery Urine 04/17113  NL

L MX14837 | W A Adult ICU Blood 04/01/13  NL

- Mx14s30 | | HERT A Surgery ICU Blood 03/29/13  NL

H Mx14692 [N A Surgery ICU Wound 03/20/13  NL

mx14384 | NI A Surgery ICU Blood 02/27/13  NL

LI mx14340 [ A Adult ICU Urine 02/25/13  NL

Mx14294 R R Traumatology Urine 02/1513  NL

- Mxi1500 iR L Surgery ICU  Endotracheal aspirate 11/30/11  NL

mx11834 | T N Adult ICU Urine 02/13/12  NL

Mx12480 | | NN | © Adult ICU Peritoneal fluid ~ 06/07/12  NL

mx13-2130 [N A Traumatology Abscess 11113 NL

Mx13577 [T o Adult ICU Blood 1/0512  JA

vx14-1306 | N GG Pediatric ICU Blood 05/13/14  JA

Mx14-1344 PO REREIEE 1 Neurology Urine 05/14/14  NL

MX10984 | NNNEEETT | Adult ICU Blood 08/04/11  NL

MX13- 0956— Y  Internal medicine Skin biopsy 071913  NL

Mx13-2653 [N oD Surgery ICU Urine 12/3113  NL

MX13-0353 [T v General surgery Wound 05/2213  JA

Mx10913 [l Surgery ICU Blood 07/25M1  NL

Mx12912 T T p Traumatology Soft tissue 07/24112  NL

| Mx11417 | Adult ICU Urine MA7A1 NL

mxi47zs Y U 1eumaoogy Wound 03/22113  NL

Fig. 1. Dendogram and PFGE patterns of VREF clinical isolates. The clinical characteristics of the patients are also included. NL corresponds to Nuevo Leon and JA corresponds
to Jalisco. ICU corresponds to intensive care unit.

and susceptible to teicoplanin; these isolates were collected in Clonal diversity
Monterrey.

A total of 37 distinct PFGE patterns were identified. The per-
Biofilm production centage of similarity among the analyzed isolates ranged from 75%
to 100%, and the isolates exhibited restriction patterns consisting
Ten of the 56 isolates (17.9%) were able to form biofilms. These of 11-20 bands. Isolates that showed 100% similarity in their
biofilm-producing isolates were classified as weak biofilm produc- restriction patterns were classified as a clone. As well, 44.6%
ers (90%) and strong biofilm producers (10%). The espfm gene was (25/56) of the isolates were distributed in 6 clones (A to F), as
found in 98.2% of the isolates. Nine of the isolates (18.8%) obtained shown in Fig. 1. Clones A (14/56), B (3/56), C (2/56), D (2/56),
in Monterrey were biofilm producers and one of the isolates (12.5%) and F (2/56) were clusters of isolates obtained from Nuevo Leon.
obtained in Guadalajara was biofilm producer. Clone E (2/56) was the only clone obtained from Jalisco. Clone
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A was detected in 5 different wards of the same hospital during
14 months of surveillance. Among the clone A isolates, 78.6%
(11/14) of them were susceptible to high-level gentamicin and
resistant to high-level streptomycin (data not shown). We also
detected two subtypes (D1 and G1) with restriction patterns that
were 97% similar to the D and G patterns, respectively.

Discussion

In this study, we examined the antimicrobial susceptibility,
biofilm production, and clonal relatedness of 56 VREEF clinical iso-
lates obtained from two tertiary care hospitals in Mexico during a
4-year study period. Our results demonstrate the presence of VREF
isolates that are strongly resistant to vancomycin, erythromycin,
norfloxacin, high-level streptomycin, and teicoplanin. Compared
to the few previous studies that analyzed VREF clinical isolates
from Mexican hospitals’~12 this study included the largest number
of VREF clinical isolates to date. Therefore, this work represents a
contribution to the national surveillance of emerging nosocomial
pathogens.

All the VREF isolates we examined were of the vanA geno-
type. Similarly, previous studies in Mexico showed that VREF
isolates carried the vanA gene,”?~'2 although the vanB gene was
also detected.”!! Interestingly, we detected two VanB phenotype-
vanA genotype isolates (MX13-1542 and MX13-0631), which were
highly resistant to vancomycin and susceptible to teicoplanin.
The VanB phenotype-vanA genotype in E. faecium has been
rarely reported worldwide.2%-23 In fact, to our knowledge, this
is the first detection of this particular E. faecium isolate in the
Americas.

As of yet, we do not know the mechanism for the emergence
of these VanB phenotype-vanA genotype VREF isolates. The vanA
gene cluster is a widely studied vancomycin/teicoplanin resis-
tance determinant which includes 7 van genes (vanA, vanH, vangr,
vans, vanX, vanY, and vanZ) in a Tn1546-type transposon.>%* It has
been reported that the deletion of the intergenic region between
vanY and vanZ can partly explain the difference between pheno-
type and genotype in the VanB phenotype-vanA genotype E. faecium
isolate.?! Therefore, further studies should be performed to fully
characterize the Tn1546 structure of the two isolates we detected
in this study. Tn1546 is generally carried on plasmids and thus is
effectively disseminated by horizontal gene transfer. An acquisition
of vanA plasmid by a strain of nosocomial E. faecium may result in
a spread of VREF infection. Therefore, both characterization of the
Tn1546 structure and its linkage to particular plasmid groups is
crucial for understanding of VREF dissemination in hospital envi-
ronments.

There are several risk factors for developing a nosocomial VRE
infection, including close physical proximity to patients infected
or colonized with VRE, a long period of hospitalization, multiple
courses of antimicrobials, hospitalization in intensive-care units
and co-morbidities such as diabetes, renal failure or hemodialysis.!
Certainly, the majority of our patients had been in the ICU with a
prolonged stay. In addition, half of our patients had received at least
four antibiotics before E. faecium was detected, most of them being
carbapenems and cephalosporins.

We detected no resistance to linezolid in any of the clinical iso-
lates. Linezolid is one of the two antibiotics that are approved by
the Food and Drug Administration (FDA) to treat VREF, and it is
used worldwide.! It has been reported that linezolid resistance in
VREF is dependent on prior exposure and duration of therapy.2®
Enterococcal infections are commonly treated with ampicillin as
the first line treatment, while vancomycin is recommended for
cases of ampicillin resistance. Linezolid, daptomycin, and tigecy-
cline are used as alternatives in cases of vancomycin-resistance.

Despite linezolid resistance still being rare worldwide! it has been
documented in enterococcal outbreaks?® and even sporadically in
patients who have never received the antibiotic.! Taking these find-
ings and recent reports of linezolid resistant VREF in Mexico!!:12
into account, the need for continuous surveillance of E. faecium
antimicrobial resistance in hospitals throughout our country is
mandatory.

Biofilm formation reportedly occurs less commonly among
E. faecium isolates than among E. faecalis isolates, the latter which
exhibit a much higher frequency of biofilm formation (95-100%),
according to previous reports.2’28 Qur result (17.9%) also indi-
cates low biofilm production in E. faecium, and this frequency
was even lower than that (53.75%) in a previous report.?® This
finding indicates that the clinical impact of these particular VREF
isolates is not enhanced by biofilm formation. Furthermore, most
of these isolates in our hospitals were obtained from blood and
urine specimens, whereas it is thought that biofilm formation is
important in conditions such as endocarditis, periodontitis, and a
variety of device-related infections® that were not evident among
the patients in our study. Conflicting outcomes regarding the role
of the espfm gene in biofilm formation have been published.> While
this gene reportedly plays a role in E. faecalis biofilm formation,?°
it is apparently neither essential nor sufficient for biofilm produc-
tion in infectious E. faecium isolates.?”-28 Indeed, we detected a high
frequency of the espfin gene in our isolates despite the low level of
biofilm production.

Molecular typing methods are essential for identifying hospital-
associated outbreaks of E. faecium. Using PFGE, we detected a
moderate presence of clones as well as the predominance of clone
A, which was detected in 5 different wards of the same hospi-
tal during 14 months of surveillance. In addition, the two VanB
phenotype-vanA genotype isolates (MX13-1542 and MX13-0631)
were detected within the clone A. These two isolates were obtained
with a 3-month span from different patients at the ICU. This
finding indicates cross-transmission of VREF in the hospital set-
ting. Enterococci can survive for long periods on environmental
surfaces, including medical equipment, which may help explain
why these organisms were disseminated in the nosocomial set-
ting. In addition, the fact that the two VanB phenotype-vanA
genotype isolates were part of clone A underlines the need for
continuous monitoring of currently circulating VREF strains to effi-
ciently prevent and control the propagation of nosocomial VREF
infections.

One limitation of this study is the lack of using multilocus
sequence typing (MLST) for the molecular characterization of
E. faecium isolates.3® MLST has revealed the existence of host-
specific genogroups, including a specific genetic lineage designated
as clonal complex 17 (CC17), which is associated with hospital-
related isolates. These strains are characterized by ampicillin and
quinolone resistance. The first report of multidrug-resistant VREF
isolates in Mexico City that belong to CC17 has been recently
published.'? Thus, further studies are needed to analyze our VREF
isolates using MLST.

E. faecium isolates resistant to vancomycin, erythromycin, nor-
floxacin, high-level streptomycin, and teicoplanin exist in Mexican
hospitals. The moderate clonal diversity and high frequency of
clone A detected among these isolates indicate cross-transmission
of VREF in the hospital setting. In addition, this is the first reported
incidence of the E. faecium VanB phenotype-vanA genotype in the
Americas. This study therefore represents a contribution to the
national surveillance of emerging nosocomial pathogens.
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