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Abstract

Multiresistant Salmonella serovar Typhimurium strains are a worldwide problem in animal and human health. The aim of
this study was to determine the frequency of some Salmonella spp resistance genes (cmlA/tetR, PSE-1, TEM, Sip B/C)
in strains isolated from pigs slaughtered at abattoirs in the Estado de Mexico. Of 87 analyzed strains 22 (25.28%) had
phenotypical resistance to chloramphenicol (30 pg), 15 (17.24%) to ampicillin (10 pg) and 54 (62.07%) to sulfamethoxa-
zole (60 pg). The phenotypical and genotypical relation of the 87 strains was: of the 22 chloramphenicol resistant strains
only 14 (63.63%) expressed the cmlA/tetR resistance gene, and of the 65 strains non-resistant to chloramphenicol only 36
(55.38%) expressed the cmlA/tetR resistance gene. Regarding the 15 ampicillin resistant strains only 2 (13.33%) were ca-
rriers of the PSE-1 gene and 7 (46.66%) presented the TEM gene; both genes confer genotypical ampicillin resistance. Of
72 non-resistant ampicillin strains, 11 (15.27%) carried the TEM gene which confers ampicillin resistance. Two Salmonella
strains (2.28%) belonged to phagotype DT104. Strains not showing phenotypical resistance but carrying resistance genes
have not been exposed to selection by competition, although they possess the mechanism to express such resistance.

Key words: SatmonerLa TYPHIMURIUM, RESISTANCE, PIGS, ANTIBIOTICS.

Resumen

La aparicién de cepas multirresistentes de Salmonella Typhimurium es un problema mundial, tanto en salud animal como
en salud publica. El objetivo del presente trabajo fue determinar la frecuencia de algunos genes de resistencia (cmlA/
tetR, PSE-1, TEM, Sip B/C) en cepas de Salmonella spp aisladas de cerdos en rastros del Estado de México. De las 87
cepas analizadas, 22/87 (25.28%) mostraron resistencia al cloranfenicol (30 pg), 15/87 (17.24%) a la ampicilina (10 pg) y
54/87 (62.07%) fueron resistentes al sulfametoxazol (60 pg). La relacién fenotipica y genotipica de las 87 cepas analiza-
das fue: de las 22 cepas que presentaron resistencia fenotipica al cloranfenicol, sélo 14/22 (63.63%) expresaron el gen
de resistencia cmlA/tetR, y de las 65 cepas que manifestaron sensibilidad al cloranfenicol, 36/65 (55.38%) expresaron el
gen de resistencia cmlA/tetR. De las 15 cepas que expresaron resistencia a la ampicilina, sélo 2/15 (13.33%) mostraron
el gen PSE-1, y 7/15 (46.66%) presentaron el gen TEM, ambos genes confieren resistencia genotipica a la ampicilina.
De las 72 cepas que manifestaron sensibilidad a la ampicilina, 11 (15.27%) mostraron el gen TEM, el cual da resisten-
cia a la ampicilina. De las 87 cepas de Salmonella sélo 2/87 (2.28%) expresaron el fagotipo DT104. Las cepas que son
portadoras de genes de resistencia, pero no la manifiestan fenotipicamente, no han sido expuestas a una seleccion por
competencia, por lo tanto, no expresan la resistencia fenotipica, pero cuentan con el mecanismo necesario para expresarla.
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Introduction

chromosome resistance to ampicillin, chloram-

phenicol, streptomycin, sulfonamides and tetra-
cyclines (type R ACSSuT) appeared in the 1900’s
in the United Kingdom and later were distributed
worldwide, they have become a problem to animal and
public health due to the fact that treatments no longer
have the expected effect.' Studies carried out between
1997 and 2003 in Taiwan, demonstrated the existence
of multi-resistant strains of Salmonella;®* the strains
of Salmonella Typhimurium phagotype DT104 have
shown multi-resistance to antibiotics such as ampicillin,
chloramphenicol and sulfonamides.*” Genes related
with said resistance are: ¢mlA/tetR, that gives resistance
to chloramphenicol; SipB/C, that gives resistance to
sulfonamides; PSE-I and TEM, that give resistance to
ampicillin.®?

Currently, the presence of multi-resistant strains of
Salmonella spp throughout the world, has created seri-
ous therapeutical problems since the antibiotics com-
monly used to treat the disease caused by it are no lon-
ger working or giving the desired results."

The objective of this study was to identify the ¢mlA/
tetR, PSE-1, TEM, Sip B/C genes that provide resistance
to chloramphenicol, ampicillin and sulfonamides in
Salmonella spp strains isolated from pigs in the Estado
de Mexico.

Since Salmonella  Typhimurium strains  with

Material and methods

Preparation of Salmonella isolates

The strains used in this study were obtained from
slaughterhouse pigs that come from different states of
the country, and are slaughtered in abattoirs in the Es-
tado de Mexico (Table 1).

Phenotypic resistance

Evaluation of bacterial resistance to antimicrobial
drugs was carried out by the Kirby-Bauer method ac-
cording to the norms of the Clinical Laboratory Stan-
dards Institute (CLSI).!"

Extraction of bacterial DNA

A total of 3 ml of bacterial growth were centrifuged at
170 000 g. Then the supernatant was decanted and re-
suspended in 1 ml of PBS (phosphate buffer saline so-
lution); washed 4 times and in the last wash the pellet
was re-suspended with 1 ml of PBS, 3 pl of NaOH 1IN
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Introduccion

con resistencia cromosémica a la ampicilina,

cloranfenicol, estreptomicina, sulfonamidas y
tetraciclinas (tipo RACSSuT) en los annos 90 en el Reino
Unido, y que posteriormente tuvieron una distribucién
mundial, ha causado una preocupacion en la salud
animal y la salud publica debido a que los tratamientos
ya no tienen el efecto esperado.' Estudios realizados
entre 1997 y 2003 en Taiwan, demostraron la aparicion
de cepas multirresistentes de Salmonella;? estas cepas de
Salmonella Typhimurium fagotipo DT104 han mostrado
una multirresistencia a antibiéticos como la ampicilina,
cloranfenicol y sulfonamidas.*” Los genes relacionados
con dicha resistencia son: emlA/tetR, el cual proporciona
resistencia al cloranfenicol; el SipB/C, que confiere
resistencia a las sulfonamidas; el PSE-1y TEM, los cuales
dan resistencia a la ampicilina.®?

En la actualidad, la presencia de cepas de Salmone-
lla spp multirresistentes en todo el mundo, ha causado
un gran problema en la terapéutica de esta enferme-
dad debido a que los antibi6ticos utilizados comun-
mente ya no funcionan o no se obtienen los resultados
deseados."

El objetivo del presente trabajo fue identificar los
genes cmlA/tetR, PSE-1, TEM, Sip B/C los cuales pro-
porcionan resistencia al cloranfenicol, ampicilina y
sulfonamidas en cepas de Salmonella spp aisladas de
cerdos en el Estado de México.

l a aparicion de cepas de Salmonella Typhimurium

Material y métodos

Preparacion de los aislamientos
de Salmonella

Las cepas utilizadas en este trabajo fueron obtenidas
de cerdos para abasto provenientes de varios estados
del pais, sacrificados en rastros del Estado de México
(Cuadro 1).

Resistencia fenotipica

La evaluacion de la resistencia bacteriana a los anti-
microbianos se realizara mediante el método Kirby-
Bauer segun lo establecen en la normativa del Clinical
Laboratory Standars Institute (CLSI)."

Extraccion del ADN bacteriano

Se obtuvieron 3 ml de crecimiento bacteriano, el cual
fue centrifugado a 170,000 g. Posteriormente se de-
cant6 el sobrenadante y se resuspendié en 1 ml de



CUADRO 1

Cepas de Salmonella spp aisladas de cerdos sacrificados en rastros del Estado de México

Salmonella spp strains isolated from slaughtered pigs at abattoirs in the Estado de Mexico

Origin of the pigs Serovar Number of isolates
ATCC 14028 Typhimurium 1
Typhimurium 11
Anatum 3
Guanajuato
Havana 2
Other serovars 7
Typhimurium 11
London 13
Bredeney 4
Michoacan
Agona 3
Senftenberg 3
Other serovars 6
Typhimurium 10
Estado de Mexico Agona 4
Other serovars 2
Typhimurium 4
Jalisco
Other serovars 3
Total 87

and 22 pl of Tris-EDTA (Tris-HCl 10mM; EDTA 1mM)
and placed in a dry water bath at 90°C for 25 min; fina-
lly it was briefly centrifuged and kept frozen at -20°C,
until its use.'?

Preparation of reagents

Primer sequences that were used are described in Ta-
ble 2.

The reaction consisted of 2.5 nl 10x PCR buffer, 1.5
pl of 25 mM MgCl,, 1pl of 200 mM DNTPs, 2 pl of each
of the primers (SipB/C, cmiA/tetR, PSE-1, TEM, DT 104),
1 pl (1 unit/pl) of Taqg DNA polymerase (Invitrogen/
USA), 3 pl of bacterial DNA and 13 pl of injectable
water. Reactions were pre-incubated at 95°C for 5 min-
utes, then 40 cycles were carried out with a denaturing
temperature at 95°C for 1 minute, primer alignment at
48°C for 30 seconds and a DNA extension at 72°C for
30 seconds. At the end of the cycles, the reactions were
incubated for 3 minutes at 72°C and later the tempera-
ture was taken to 4°C in order to stop the reaction.'

Electrophoresis was carried out in 3% agarose gel

PBS (Solucion buffer fosfato salino); se lavo 4 veces y
en el dltimo lavado se resuspendi6 el comprimido con
1 ml de PBS (solucién buffer de fosfatos), se le agrega-
ron 3 pl de NaOH 1INy 22 pl de Tris-EDTA (Tris-HCI
10mM; EDTA ImM) y se coloc6é en bano maria en
seco a 90°C durante 25 min; por dltimo se centrifugo
brevemente y se conservé en congelacién a-20°C, has-
ta el momento de su utilizacién.'?

Preparacion de las reacciones

Las secuencias de los iniciadores que se utilizaron se
describen en el Cuadro 2.

La reaccién consisti6é en 2.5 pl 10x de amortigua-
dor de PCR, 1.5 pul de 25 mM MgCl,, 1pl de 200 mM
DNTPs, 2 pl de cada primers (SipB/C, emlA/tetR, PSE-1,
TEM, DT 104), 1 pl (1 unit/pl) de Taq ADN polimera-
sa,* 3 pl de ADN bacteriano y 13 pl de agua inyecta-
ble, las reacciones se sometieron a una preincubacién
a 95°C por 5 minutos, posteriormente se realizaron
40 ciclos con una temperatura de desnaturalizacién a

*Invitrogen, USA.
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CUADRO 2

Iniciadores utilizados para la deteccion de los genes de resistencia por la técnica de PCR

Primers used in the detection of resistance genes by PCR technique

Primers Sequence PCR product (bp)
5-ACAGCAAAATGCGGATGCTT-3"
SipB/C* 232
5-GCGCGCTCAGTGTAGGACTC-3"
5-CGCTCCTTCGATCCCGT-3"
cmlA/tetR® 260
5-GCTGCGTTCATCTACAACAGAT-3"
5-TTTGGTTCCGCGCTATCTG-3"
PSE-T1* 132
5 TACTCCGAGCACCAAATCCG-3"
5-GCACGAGTGGGTTACATCGA-3"
TEM 291
5-GGTCCTCCGATCGTTGTCAG-3”
5" ATGCGTTTGGTCTCACAGCC3®
DT104# 102

5" CTGAGGCCACGGATTTA3"

2Carlson et al.®; ® Alvarez et al.’

with 5 pl of each reaction run for 45 minutes at 100 V
with 1.5 pl load buffer (TBE 1x). The PCR products
were visualized with ethidium bromide and exposed to
a UV transilluminator.*!?

Statistical analysis

Phenotypic and genotypic resistance frequencies were
evaluated by means of epidemiological association
using a 2 x 2 contingency table with a significance of P
<0.05, using relative risk (RR) and odds ratio (OR)."*'?

Results

Of the 87 analyzed strains, 2/87 (2.29%) had a 102
bp band, that corresponds to phagotype DT104; 50/87
(57.47%) expressed a 260 bp band that corresponds to
the ¢mlA/tetR gene; 2/87 (2.29%) presented a 132 bp
band that corresponds to the PSE-I gene, and 18/87
(20.68%) showed a band of 291 bp that corresponds
to the TEM gene (Figures 1 and 2). In the analyzed
strains, the 232 bp band that characterizes the SipB/C
gene was not observed (Table 3).

Regarding the phenotypic-genotypic relation that
was observed in this study, 22 strains were found to
have phenotypical resistance to chloramphenicol of
which 14 (63.63%) expressed the c¢mlA/tetR resistance
gene, and of the 65 strains that showed phenotypical
sensitivity to chloramphenicol, 36 (55.38%) had the
resistance gene (Table 4).

Of the 15 strains that had resistance to ampicillin,
2 (13.33%) had the PSE-1 gene and 7 (46.66%) ex-
pressed the TEM gene. Of the 72 strains that showed
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95°C por 1 minuto, alineacion de los primers a 48°C
por 30 segundos y una extension de ADN a 72°C por
30 segundos. Al finalizar los ciclos, las reacciones se
incubaron por 3 minutos a 72°C y posteriormente se
bajo la temperatura a 4°C para detener la reaccion."”

Se tomaron 5 pl de cada reaccion y se sometié a
electroforesis en gel de agarosa al 3% por 45 minutos
a 100V con 1.5 pl de amortiguador de carga (TBE 1x).
Los productos de PCR fueron visualizados con bromu-
ro de etidio y fueron expuestos en un transluminador
de UV.*!

Analisis estadistico

Las frecuencias de resistencia fenotipica-genotipica se
evaluaron mediante medidas de asociaciéon epidemio-
l6gica usando una tabla de contingencia de 2 x 2, con
una significancia de P > 0.05, usando el riesgo relativo
(RR) y razén de probabilidades (OR)."*'?

Resultados

De las 87 cepas analizadas, 2/87 (2.29%) mostraron
una banda de 102 pb, correspondiente al fagotipo
DT104; 50/87 (57.47%) expresaron una banda
de 260 pb, correspondiente al gen cmlA/tetR; 2/87
(2.29%) presentaron una banda de 132 pb correspon-
diente al gen PSE-1,y 18/87 (20.68%) mostraron una
banda de 291 pb, correspondiente al gen TEM (Figu-
ras 1y 2). No se observé la banda de 232 pb que caracte-
rizan al gen SipB/C en las cepas analizadas (Cuadro 3).

*Transilluminator (transluminador) modelo M-20E. Marca Upland,
CA91786, USA.
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FiGuraA 1. Banda diagnéstica del fagotipo DT104 y de los genes
emlA/tetR, PSE-1 y TEM en gel de agarosa al 3%: 1. Marcador de
peso molecular 100-1000 pb (Fermentas), 2. S. Typhimurium
22GMX1, 3. S. Typhimurium 11GZ2, 4. S. Typhimurium 23GT2, 5.
S. Typhimurium 5BT1, 6. S. Typhimurium 17GZ2%, 7. S. Typhimuri-
um 7GMTZ2, 8. S. agona 2GZ1.

FIGURE 1. Phagotype DT104 and c¢mlA/tetR, PSE-1 and TEM genes
diagnostic band in 3% agarose gel: 1. Molecular weight marker
100-1000 bp (Fermentas), 2. S. Typhimurium 22GMX1, 3. S. Typhi-
murium 11GZ2, 4. S. Typhimurium 23GT2, 5. S. Typhimurium
5BT1, 6. S. Typhimurium 17GZ2,* 7. S. Typhimurium 7GMT2, 8.
S. Agona 2GZ1.

phenotypical in wvitro sensitivity to ampicillin, 11
(15.28%) presented the TEM gene (Table 5).

Discussion

Of 87 analyzed strains, only 2 (2.98%) had the DT104
phagotype; presence of this phagotype in this study
was very low, when compared to previous studies,”!*%
which have reported a frequency above 50%. Never-
theless, it was observed that the presence of this pha-
gotype was not related to the presence of genes that
confer multiresistance.”

It was found that 57.41% of the strains were positive
to the ¢mlA/tetR gene, of which 14 had phenotypical
resistance to chloramphenicol. This indicates a posi-
tive association between the presence of the resistance
gene and phenotypical resistance (P < 0.05). This gene
is a fusion of two other genes, emlA and tetR, which pro-
vide a genetic resistance specific to chloramphenicol
according to the work carried out by Carlson ¢t al.* and
Briggs and Fratamico,?! who found this gene in 10%
and 97%, respectively. Both works were carried out us-
ing strains originating from diagnostics laboratories of
countries such as the United States of America, United
Kingdom and Germany. Nevertheless, another study
carried out using strains isolated from food in Korea
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FIGURA 2. Banda diagnéstica de los genes TEM 'y cmlA/tetR en gel
de agarosa al 3%: 1. Marcador de peso molecular 100-1000 pb (Fer-
mentas), 2. S. Typhimurium 11GT1, 3. S. Typhimurium 22GMXI1,
4. S. Typhimurium 20GT1, 5. S. Typhimurium 22GT1, 6. S. Read-
ing 33GT2, 7. S. Typhimurium 9GMT?2.

FIGURE 2. TEM and cmlA/tetR genes diagnostic band in 3% agaro-
se gel: 1. Molecular weight marker 100-1000 bp (Fermentas), 2. S.
Typhimurium 11GT1, 3. S. Typhimurium 22GMX1, 4. S. Typhimu-
rium 20GT1, 5. S. Typhimurium 22GT1, 6. S. Reading 33GT2, 7. S.
Typhimurium 9GMT2.

En cuanto a la relacion fenotipica-genotipica rea-
lizada en el presente estudio, se encontr6é que de 22
cepas que mostraron resistencia fenotipica al cloran-
fenicol, 14 (63.63%) expresaron el gen de resistencia
emlA/tetR, y de 65 cepas que mostraron sensibilidad
fenotipica al cloranfenicol, 36 (55.38%) mostraron el
gen de resistencia (Cuadro 4).

De las 15 cepas que presentaron resistencia a la
ampicilina, 2 (13.33%) mostraron el gen PSE-1y 7
(46.66%) expresaron el gen TEM. De 72 cepas que
mostraron sensibilidad fenotipica a la ampicilina in vi-

tro, 11 (15.28%) presentaron el gen TEM (Cuadro 5).
Discusion

De 87 cepas analizadas, s6lo 2 (2.98%) fueron fagotipo
DT104, la presencia de dicho fagotipo en este trabajo
fue muy baja, en comparacién con otros trabajos rea-
lizados,”'** los cuales obtuvieron una frecuencia por
arriba de 50%; sin embargo, se observa que la presen-
cia de este fagotipo no se relaciona con la presencia de
genes que confieren multirresistencia.’®

Se observé que 57.41% de las cepas fueron positi-
vas al gen ¢mlA/tetR, de las cuales 14 mostraron resis-
tencia fenotipica al cloranfenicol; lo que indica una
asociacion positiva entre la presencia del gen de resis-
tencia y la resistencia fenotipica (P < 0.05). Este gen
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CUADRO 3§
Analisis genotipico de cepas de Salmonella spp de cerdos de abasto de rastros del Estado de México

Genotypic analysis of Salmonella spp strains isolated from pigs slaughtered at abattoirs in the Estado de Mexico

Strains No. strains  (cmlA/tetR) (PSE-1) (TEM) sipg/cy P ;’)"%”gge Negative

YT 11028 ! ! 0 0 0 0 0
S. B Monofasica 3 1 0 1 0 0 2
S. Typhimurium 36 16 2 7 0 2 20
S. London 15 9 0 2 0 0 6
S. Cholerasuis 1 1 0 0 0 0 0
S. Anatum 6 ) 0 2 0 0 1
S.Bredeney 6 4 0 0 0 0 2
S. Reading 2 1 0 0 0 0 1
S. Tennessee 1 1 0 0 0 0 0
S. Adelaida 1 1 0 1 0 0 0
S. Havana 2 1 0 0 0 0 1
S. Enteritidis 1 1 0 0 0 0 0
S. Agona 7 4 0 3 0 0 3
S. Infantis 2 1 0 1 0 0 1
S. Senftenberg 3 3 0 1 0 0 0

Total 87 50 (57.47%) 2 (2.29%) 18 (20.68%) 0 2 (2.29%) 37 (42.52%)

CUADRO 4
Resistencia genotipica-fenotipica al cloranfenicol, en cepas resistentes y sensibles de Salmonella spp

Genotypic-phenotypic resistance to chloramphenicol, in resistant and sensitive strains of Salmonella spp

Resistant to chloramphenicol Positive to cmlA/tetR Sensitive to chloramphenicol Positive to cmlA/tetR

22 14 (63.63%) 65 36 (55.38%)

RR=1.331C=0.92<RR 1.33 <1.91.
OR =1.40 IC=0.54 < OR 1.40 < 3.57.

CUADRO 5
Resistencia genotipica-fenotipica de cepas resistentes y sensibles de Salmonella spp a la ampicilina

Genotypic-phenotypic resistance to ampicillin, in resistant and sensitive strains of Salmonella spp

Resistant to ampicillin Positive to PSE-1 Positive to TEM iﬁ;?;;izj Positive to PSE-1  Positive to TEM

15 2(18.33%) 7(46.66%) 72 0 11(15.28%)

RR =3.45*IC=1.68 < RR 3.45 < 7.07.
OR =4.84*1C=1.50 < OR 4.84 < 15.58.
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did not show the presence of this gene."” Currently,
in Mexico, this drug is discontinued although there
is another one of the same family known as florfeni-
col which has a similar mechanism of action. Regard-
ing the strains that showed phenotypical resistance to
chloramphenicol but did not have the emlA/tetR gene,
itis possible that this resistance is due to a gene known
as floR, mentioned in the works of Weill ¢/ al? and
Bolton et al.? and provides resistance to florfenicol and
chloramphenicol.

A total of 15 strains showed phenotypical resistance
to ampicillin, of which 13.33% had the PSE-I gene,
and 46.66% the TEM gene, while of the 72 strains that
showed sensitivity to ampicillin only 15.27% had the
TEM gene. Both genes are known to confer resistance
to ampicillin,*"* although other authors have stated
that the PSE-1 gene provides resistance to f-lactam
drugs.??** The presence of genotypic resistance to am-
picillin in strains isolated from pigs in slaughterhouses
of the Toluca valley is low, but has been increasing in
comparison to more developed countries. *?* Further-
more, the presence of the PSE-I was very low when
compared to the results obtained from strains isolated
from food in Korea (26.7%)."* When compared to re-
sults obtained in France during the 1993-2003 period
(70%) of strains isolated from humans, both results
were much lower. **

The SipB/C gene, which confers resistance to sulfas,
was not found in the Salmonella spp strains analyzed in
this study. Therefore, it stands to argue that the resis-
tance seen in these strains (62.07%) is not linked to
the presence of this gene but rather to another not
analyzed in this study.

From the results shown in the genotype-phenotype
relation it can be said that the phenotypically sensi-
tive strains that had genotypic resistance were possibly
not exposed to the drug, but it is important to point
out that these strains have the resistance gene and
that there is the possibility that these strains could ex-
press phenotypical resistance when exposed to specific
drugs.®
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es una fusion de dos genes: el emlA y tetR, que le da
una resistencia genética especifica al cloranfenicol, se-
gun los trabajos realizados por Carlson et al.® y Briggs y
Fratamico,?' quienes encontraron este gen en un 10%
y 97%, respectivamente; ambos trabajos se realizaron
con cepas obtenidas de laboratorios de diagnéstico
de algunos paises, como Estados Unidos de América,
Reino Unido y Alemania; sin embargo, en otro trabajo
realizado en cepas aisladas de alimentos en Corea, no
se present6 este gen.”” Actualmente, en México este
farmaco se encuentra descontinuado, pero aun exis-
te otro de la misma familia del cloranfenicol llamado
florfenicol, el cual tiene un mecanismo de accion si-
milar. En cuanto a las cepas que mostraron resisten-
cia fenotipica al cloranfenicol, pero no manifestaron
el gen (¢mlA/tetR), probablemente la resistencia esté
dada por otro gen llamado floR, mencionado en los
trabajos de Weill et al.**y Bolton et al® el cual confiere
resistencia al florfenicol y al cloranfenicol.

Quince cepas mostraron resistencia fenotipica a
la ampicilina, de las cuales 13.33% expresaron el gen
PSE-1,y 46.66% el gen TEM, de las 72 cepas que mos-
traron sensibilidad a la ampicilina, 15.27% presenta-
ron el gen TEM. Ambos genes confieren resistencia a
la ampicilina.*”® Aunque otros autores*? mencionan
que el gen (PSE-1) confiere resistencia a los B-lactami-
cos. La presencia de resistencia genotipica a la ampici-
lina en cepas aisladas de cerdos de rastros del Valle de
Toluca es baja, pero va en incremento en comparacion
con paises mas desarrollados.??*! La presencia del gen
PSE-1 fue muy baja en comparaciéon con los resulta-
dos obtenidos en cepas aisladas en Corea a partir de
alimentos (26.7%),"* ambos resultados fueron mucho
menores al observar los resultados obtenidos en Fran-
cia en el periodo 1993-2003 (70%) en cepas aisladas
de humanos.?

El gen SipB/C, que confiere resistencia a las sulfas,
no estuvo presente en las cepas de Salmonella spp ana-
lizadas en el presente estudio; por lo tanto, se puede
decir que la resistencia de estas cepas (62.07%) no esta
ligada a la presencia de este gen.

Por los resultados mostrados en la relacion geno-
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