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Abstract

Nowadays salmonellosis and campylobacteriosis are the most prevalent diseases transmitted to humans through contaminated
food of animal origin in developed countries. Propagation of Salmonella enterica serotype Enteritidis and Salmonella enterica
serotype Typhimurium has increased since the second half of the twentieth century, derived from two changes in the epidemiol-
ogy of salmonellosis that occurred worldwide: the emergence of human infections caused by Salmonella Enteritidis, and the mul-
tiple resistances against antibiotics of Salmonella Typhimurium strains. Most retrospective studies suggest an epidemiological
relationship between human infections and poultry products. Modernization of poultry industry and exportation of progenitor
stock birds have played an important roll disseminating Salmonella Enteritidis. Campylobacteriosis is the most frequent enteric
bacterial diseases in developed countries. Campylobacter jejuni is the most frequent cause of acute infectious diarrheas, and
the sources of infection are mainly poultry products. The present review includes relevant taxonomic and pathogenic aspects
of these organisms; and stresses the problematic of diagnosis and detection, analyzing techniques that permit rapid detec-
tion of animal carriers. Finally, some preliminary findings, not yet published, suggest that a prevalence of salmonellosis and
campylobacteriosis in Mexican poultry farms must be similar to that found in other countries with massive poultry production;
therefore, epidemiological studies to determine the frequency of human infections, derived from poultry consumption, are rec-
ommended.
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Resumen

En la actualidad, la salmonelosis y la campilobacteriosis son las zoonosis de mayor prevalencia en paises desarrollados, debido a
la contaminacién de alimentos de origen animal. La propagacion de Salmonella enterica serotipo Enteritidis y Salmonella enterica
serotipo Typhimurium va en aumento a partir de la segunda mitad del siglo XX, cuando ocurrieron dos cambios mundiales en la
epidemiologia de la salmonelosis: el surgimiento de infecciones en humanos por Salmonella Enteritidis, y la multiple resistencia
a los antibioticos de cepas de Salmonella Typhimurium. La mayoria de los analisis retrospectivos sugieren que existe relacién
epidemioldgica entre las aves y los humanos: La modernizacion de la avicultura y las exportaciones de aves progenitoras son
de importancia en la diseminacion de Salmonella Enteritidis. La campilobacteriosis es la enfermedad entérica bacteriana mas
comun en paises desarrollados. Campylobacter jejuni es la causa mas frecuente de diarreas infecciosas agudas, y las fuentes de
esta infeccidn son principalmente productos avicolas. En la presente revision se incluyen aspectos relevantes de taxonomia y
patogenia de estos organismos, y se hace hincapié en la problemética del diagnéstico y deteccion, analizando las técnicas para
detectar rapidamente la existencia de animales portadores. Finalmente, se discuten hallazgos preliminares atin no publicados
que sugieren que la prevalencia de salmonelosis y campilobacteriosis en granjas avicolas mexicanas debe ser semejante a la de
otros paises que tienen avicultura tecnificada, y se recomiendan los estudios epidemioldgicos para determinar la frecuencia de
estas infecciones en humanos, derivadas del consumo de alimentos de origen aviar.
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Introduction

ood of animal origin is a common source of

human disease. The risk, although unknown, is

still in global assessment progress.! Nowadays,
salmonellosis and campylobacteriosis are the most pre-
valent zoonosis in developed countries. In the United
States, Canada; Great Britain; Norway, and Denmark,
among other countries, outbreaks of salmonellosis
transmitted by food have been corroborated.

It has been estimated that salmonellosis in the
United States is responsible for more than 18 000 hos-
pitalizations and 500 deaths per year.” In Denmark the
cost of human infections is estimated in 15.5 million
dollars yearly. In this country, a program for the era-
dication and control of the infection in animals for
human consumption has been implemented with an
annual cost of 14.1 million dollars, however, the pro-
gram has been considered cost effective considering
the reduction in medical treatments and in the lost
of labor days with an estimated cost of 25.5 million
dollars.? In developing countries, the estimated costs
of food transmitted diseases are generally not calcula-
ted nor published.”

During two decades between 1980 and 2000, sal-
monellosis has increased twenty times in several coun-
tries, and despite that some of them have managed
to limit and even reduce these increments, generally
speaking, there is a worldwide increase in the dissemi-
nation of Salmonella enterica, serotype Enteritidis and
Salmonella enterica, serotype Typhimurium.4

In Norway a retrospective study of salmonello-
sis between 1966 y 1996 suggests an epidemiological
relationship between poultry products and human
infections.” An increase between June and August
of salmonellosis and campylobacteriosis has been
reported in the United Kingdom. The most frequent
infections are thought to derive from the delay in
refrigeration of food coincidentally with the rise of
environmental temperature and also from the tradi-
tional barbecues during the summer, when the meat
is not sufficiently cooked.”

During the last decade, the number of salmonello-
sis cases reported in Sweden increased 100%, mainly
because of the rise in number of infections with Sal-
monella Enteritidis. In that country, during 2001, 60%
of diagnosed cases were caused by four serotypes: Sal-
monella Typhimurium (22.1%), Salmonella Enteritidis
(17.7%), Salmonella enterica serotype Newport (10%)
and Salmonella enterica serotype Heidelberg (5.9%).°

In France, during 2005, more than 70% of human
salmonellosis was caused by three serotypes: Salmone-
lla Enteritidis (33%), Salmonella Typhimurium (32%)
and Salmonella Hadar (6%).”

In Mexico, the most frequently isolated serotypes
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Introduccion

os alimentos de origen animal son fuente de

importante nimero de infecciones en huma-

nos. El riesgo, aunque es conocido, ain esta
en via de caracterizaciéon y cuantificacion a nivel
global.l En la actualidad, la salmonelosis y la campi-
lobacteriosis son las zoonosis de mayor prevalencia en
paises desarrollados. En Estados Unidos de América,
Canada, Inglaterra, Noruegay Dinamarca, entre otras
naciones, se han comprobado brotes de salmonelosis
transmitida por alimentos.

Se ha calculado que en Estados Unidos de América,
la salmonelosis causa mas de 18 mil hospitalizaciones
y 500 defunciones anuales.? En Dinamarca, el costo de
la infeccién en humanos se calcula en 15.5 millones
de ddlares anuales, en ese pais se ha implementado
un programa de control y erradicacion de la infeccién
en animales destinados al consumo, con costo anual
de 14.1 millones de délares que, sin embargo, se con-
sidera redituable en la medida en que se estima una
reduccion de 25.5 millones de délares por concepto de
las pérdidas ocasionadas por incumplimiento laboral
y tratamientos médicos.” Los datos relacionados con
el costo de las enfermedades transmitidas por alimen-
tos, por lo general no son calculadas ni publicadas en
los paises en desarrollo.”

En algunos paises, los problemas de salmonelosis
han aumentado 20 veces entre las décadas de 1980 y
1990, y aunque existen ejemplos de paises que han
logrado limitar y aun revertir estos incrementos, en
general la propagacion de Salmonella enterica serotipo
Enteritidis y Salmonella enterica serotipo Typhimurium
va en aumento.*

Un analisis retrospectivo de casos de salmonelosis
llevado a cabo en Noruega entre 1966 y 1996 sugiere
que existe relaciéon epidemiolégica entre las aves y los
humanos.” En el Reino Unido se comprob6 que la sal-
monelosis y campilobacteriosis se incrementan entre
junio y agosto, lo que se atribuye a que los alimentos
no son almacenados oportunamente en refrigeraciéon
justamente cuando la temperatura ambiental se eleva
y también debido a la costumbre de consumir barba-
coa durante el verano, ya que la carne no se cuece ade-
cuadamente.”

Durante la década pasada, el nimero de casos de
salmonelosis registrado en Suecia se ha duplicado
debido al aumento en el nimero de casos causados
por Salmonella Enteritidis. En ese pais, durante 2001,
60% de los casos detectados fueron causados por
cuatro serotipos: Salmonella Typhimurium (22.1%),
Salmonella Enteritidis (17.7%), Salmonella enterica sero-
tipo Newport (10%) y Salmonella enterica serotipo Hei-
delberg (5.9%).°

En Francia, en 2005, mas de 70% de casos en huma-



between 1972 and 1999 were, in decreasing order, Sal-
monella Enteritidis, Salmonella Typhimurium, Salmone-
lla Derby, Salmonella Agona and Salmonella Anatum.®

In humans, infection caused by Salmonella Enteriti-
dis, generally produces clinical signs of colitis during
five days. The incubation takes from 8 to 72 hours and
the most common symptoms are watery diarrhea and
abdominal pain. Most patients recover without anti-
biotic treatment; however, if the diarrhea is severe,
hospitalization may be required. Children, elderly
and patients with immunodeficiency are more suscep-
tible to infection. In the latter, infection may extend
from the intestines to the circulating blood and pro-
duce seeding of bacteria in other organs and those
cases may be fatal if the infection is not controlled by
an effective antibiotic therapy.’

In a wide range of animal species, especially in
birds, Salmonellaa Enteritidis may cause silent infec-
tions of the intestine. Salmonella Enteritidis also infects
ovaries of apparently healthy laying hens contamina-
ting the eggs before the egg shell is formed. In chic-
kens of less than 2 weeks, the infection with Salmonella
Enteritidis may be the cause of acute disease with high
mortality rates.”

Campylobacteriosis is even more frequent than
salmonellosis and is considered the most common
intestinal disease in developed countries. Campylobac-
ter jejuni has been demonstrated as the most common
cause of acute diarrhea; therefore, is more frequently
isolated than Salmonella spp and Shigella spp."

The sources of this infection are oftentimes asso-
ciated with food of animal origin, especially avian pro-
ducts." In England and Wales, food of avian origin is
the main culprit of campylobacteriosis.'* In Denmark,
consumption of insufficiently cooked poultry meat is
considered an important risk factor for infection."” In
Mexico, the reports of campylobacteriosis in animals
are scarce and the public health impact is unknown.

Characterization of salmonellosis

The genus Salmonella is representative of the family
Enterobacteriaceae, characterized by gram-negative
non spore forming rods that exhibit three types of
antigens: somatic O, flagellar H and capsular Vi, that
confer agglutinating characteristics that permit the
classification of 2 500 serotypes. New serotypes are
added each year to the Kauffmann-White list."

The genus Salmonella has only two species, namely,
Salmonella bongori and Salmonella enterica. The latter
is divided in six subspecies: entericae, salamae, ari-
zonae, diarizonae, houtenae and indica. Serotypes
of the subspecies entericae, cause 99% of salmonella
infections in humans and higher animals."” For prac-
tical diagnostic and epidemiologic purposes, nomen-

nos fueron ocasionados por tres serotipos: Salmonella
Enteritidis (33%), Salmonella Typhimurium (32%) y
Salmonella Hadar (6%).”

En México los serotipos mas frecuentemente ais-
lados entre 1972 y 1999, son, en orden decreciente,
Salmonella Enteritidis, Salmonella Typhimurium, Salmo-
nella Derby, Salmonella Agona'y Salmonella Anatum.”

En humanos, la forma clinica de la infeccién por
Salmonella Enteritidis generalmente se manifiesta
como un episodio de enterocolitis autolimitante, con
sintomas que se resuelven en cinco dias. El periodo de
incubacion es generalmente de 8 a 72 horas, los sin-
tomas mas comunes son diarrea acuosa y dolor abdo-
minal. La mayoria de las personas se recuperan sin
recibir tratamiento con antibiéticos. Sin embargo, la
diarrea puede ser severa y la persona puede requerir
hospitalizacion. La susceptibilidad es mayor en ninos,
ancianos y personas inmunodeficientes. En estos
pacientes, la infeccion puede diseminarse desde los
intestinos hacia el torrente sanguineo y de alli hacia
otros sitios y puede causar la muerte, a menos de que
la persona sea tratada inmediatamente con antibioti-
cos.’

En una amplia variedad de especies animales,
Salmonella Enteritidis causa infeccién intestinal sin
signos, especialmente en aves. Salmonella Enteritidis
infecta silenciosamente los ovarios de gallinas en
apariencia sanas y contamina los huevos antes de que
el cascarén sea formado. En pollos menores de dos
semanas de edad pueden ocurrir brotes de enferme-
dad clinica con alta mortalidad.”

La campilobacteriosis es ain mads frecuente que la
salmonelosisy se calcula que esla enfermedad entérica
bacteriana mas comun en los paises desarrollados; se
ha confirmado que, en particular, Campylobacter jejuni
ha sido la causa mas frecuente de diarreas infecciosas
agudas, que supera incluso a las infecciones causadas
por Salmonella spp 'y Shigella spp."

Las fuentes de esta infeccién se relacionan gene-
ralmente con alimento de origen animal, principal-
mente los productos avicolas."" En Inglaterra y Gales,
los alimentos de origen aviar son los que con mayor
frecuencia se asocian con brotes de campilobacterio-
sis.”” Asimismo, en Dinamarca se ha encontrado que el
consumo de carne de pollo insuficientemente cocida
es un factor de riesgo importante para contraer la
infeccién.!® En México, son escasos los informes sobre
la campilobacteriosis en animales para abasto, y se
desconoce su impacto en la salud.

Caracterizacion de la salmonelosis
El género Salmonella es representativo de la familia

Enterobacteriaceae, son bacilos gramnegativos que
no forman esporas y que en este género en particular
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clature is based in the serotypes of the subspecies,
for example, Salmonella enterica, subspecies entericae,
serotype Enteritidis, is abbreviated as Salmonella Ente-
ritidis."®

For more detailed studies on taxonomy and patho-
genesis, serotypes are further classified by determina-
tion of biotypes and phagotypes. The biotype refers to
the biochemical variation between organisms belon-
ging to the same serotype, while the phagotype refers
to the variation in susceptibility to lyses by bacterio-
phages between organisms of the same serotype.

Among serotypes there are different degrees of
adaptation and pathogenic potential for humans
and animals, for instance, Salmonella enterica serotype
Typhi and Salmonella enterica serotype Parathyphi
cause, respectively, septic syndrome and typhoid fever
in humans; however, both serotypes are non patho-
genic for animals. On the other hand, serotypes Sal-
monella Gallinarum and Salmonella Abortus-ovis are,
respectively, the cause of avian typhoid and infectious
abortion of sheep, but only occasionally produce non
or mild symptomatic infections in humans. There are
also serotypes as Salmonella Choleraesuis that cause
severe disease in swine, but also systemic disease in
humans. Serotypes Salmonella Enteritidis and Salmone-
lla Typhimurium infect humans and animals, however,
in the latter and specially in birds, infections are non
symptomatic.'™"” Regarding global epidemiology of
salmonellosis, two relevant changes occurred during
the second half of the XX century; namely, the appea-
rence of infections in humans caused by food conta-
minated with Salmonella Enteritidis and the resistance
of Salmonella Typhimurium against many antibiotics.

Causes for the increase of infections with Salmone-
lla Enteritidis in birds have not been completely clari-
fied and itis important to stress the difficulty to detect
infection in apparently healthy flocks. It has been
proven that Salmonella Enteritidis cause asymptoma-
tic infections in many animals, especially in domestic
birds, but an acute outbreak with significant mortality
has never been reported.'® However, apparently heal-
thy carriers are able to disseminate infection through
fecal contamination of meat and eggs. Detection of
Salmonella Enteritidis is particularly difficult when
there are less than nine bacterial organisms per piece
examined."

Massive growth of the avian industry and the fre-
quent exports of grandparent stock genetic lines of
birds, undoubtedly have played an important roll in
disseminating Salmonella Enteritidis in the world. In
the United States, for instance, it is quite common to
force the molt of laying hens by suppressing feed and
causing an intentional loss of body weight.

Despite that this method accelerates the molt, it
also makes the hens more susceptible to infection with
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presentan tres tipos de antigenos: somatico O, flagelar
H y capsular Vi, cuyas propiedades de aglutinacion se
emplean para diferenciar a mas de 2 500 serotipos.
Cada ano se aumentan nuevos serotipos a la lista de
Kauffmann-White."*

El género Salmonella consta de s6lo dos especies,
Salmonella bongoriy Salmonella enterica, esta ultima se
divide en seis subespecies: entericae, salamae, arizo-
nae, diarizonae, houtenae e indica. Los serotipos de la
subespecie entericae causan 99% de las salmonelosis
en humanos y animales superiores.'” Para fines practi-
cos de diagnéstico y epidemiologia, la nomenclatura
se basa en los nombres de los serotipos de la subespe-
cie, por ejemplo Salmonella enterica, subespecie ente-
ricae, serotipo Enteritidis, se abrevia como Salmonella
Enteritidis.'®

Para la realizacion de estudios mas detallados de
taxonomia y patogenia, los serotipos pueden sub-
dividirse mediante el establecimiento de biotipos y
fagotipos. El biotipo es la variacién bioquimica entre
organismos del mismo serotipo, mientras que el fago-
tipo expresa la diferente susceptibilidad a la lisis por
bacteriéfagos de organismos del mismo serotipo.'®

Los diversos serotipos tienen diferentes grados
de adaptacion y patogenicidad para los humanos y
las especies animales; por ejemplo, Salmonella enterica
serotipo Typhiy Salmonella entericaserotipo Parathyphi
causan enfermedades severas en humanos, conocidas
como sindrome septicémico y fiebre tifoidea, pero
estos serotipos no son patégenos para los animales.
Asimismo, los serotipos Salmonella Gallinarum y Salmo-
nella Abortus-ovis son, respectivamente, causantes de
la tifoidea aviar y de abortos infecciosos en las ovejas,
pero s6lo ocasionalmente producen infecciones leves
o asintomaticas en humanos. Existen, sin embargo,
serotipos como Salmonella Choleraesuis que causa
enfermedad severa en su principal portador, que es
el cerdo, pero también puede causar enfermedad sis-
témica grave en humanos. Los serotipos Salmonella
Enteritidis y Salmonella Typhimurium infectan tanto
a humanos como a animales, pero en €stos, principal-
mente en los pollos, producen infecciones asintomati-
cas.'™ En la segunda mitad del siglo XX ocurrieron
dos cambios importantes en la epidemiologia de la
salmonelosis en el mundo; en primer lugar, el surgi-
miento de infecciones en humanos provocadas por el
consumo de alimentos contaminados por Salmonella
Enteritidis, y en segundo, la miltiple resistencia a los
antibiéticos de cepas de Salmonella Typhimurium.’

Los factores responsables del incremento en el
namero de infecciones por Salmonella Enteritidis
en aves no han sido completamente dilucidados, por
lo que es dificil detectar la infeccién en pollos apa-
rentemente sanos. Se ha comprobado que Salmonella
Enteritidis causa infecciones sin signos clinicos apa-



Salmonella Enteritidis, and once infected, excretion of
bacteria in the feces will render eggs more prone to
contamination.'” Contamination of eggs with Salmo-
nella Enteritidis may be fecal, however, eggs may also
be infected in the ovary at ovulation.?’ Research work
performed in Holland has demonstrated that laying
hens get infected by contact with the contaminated
environment of the farm;?' however, other sources of
infection have to be considered, for instance, the out-
break in the United Kingdom in 1980, has been traced
to imports of grandparent stock bird lines infected
with Salmonella Enteritidis, bearing phagotype 422

Several authors have suggested that Salmonella
Enteritidis may be introduced by rodents into flocks,
and indeed mice are so highly susceptible to infection
to the point that induced infection has been used as
pest control.?*** Salmonella Enteritidis used in 1940 for
rodent elimination in the United Kingdom was pha-
gotype 6,%*% however phagotypes 4 and 6 are prone to
interchange by the plasmid IncX.?

The significant increase of human infections since
1980 in Europe with Salmonella Enteritidis phago-
type 4, suggests the acquisition of new genes of viru-
lence.”

Comparative genomic studies of microorganisms
carried out in recent years have shed light on the
mutational frequency. Recombination is estimated as
an important source of genetic change because it is
associated with the lost or acquisition of entire regions
carrying several genes. Horizontal exchange of DNA
material may occur through plasmids, genomicislands,
bacteriophages, transposons and insertion sequences.
These moving elements may provide microorganisms
with adaptation advantages and infective power for
particular cells.® Virulence associated genes, also
known as pathogenic islands, are originated outside
bacteria as moving elements. Pathogenic islands con-
tribute to the virulent nature of bacteria for contain-
ing gene groups that increase the microorganism
virulence and may transform a non pathogenic organ-
ism into a virulent one. Up until now, 12 pathogenic
islands have been described for Salmonella spp, some
are present in particular serotypes but others are pres-
ent in all of them.”

It has been proven that Salmonella Gallinarum is
capable of inducing immunity in a flock against Salmo-
nella Enteritidis, serotype 09. As a consequence from
the aforementioned immunological cross protection,
it has been suggested that eradication of Salmonella-
Gallinarum through vaccination and elimination of
infected birds may have favored the dissemination
of Salmonella Enteritidis.”?’ In the United Kingdom
the use, since 1997, of a live Salmonella Enteritidis,
serotype 09 vaccine instead of the formalin inacti-
vated bacterin, reduced 50% infection with Salmone-

rentes, en una amplia gama de especies animales,
especialmente en las aves domésticas, en las que no se
han identificado brotes agudos con mortalidad.'® Sin
embargo, estos portadores sanos pueden diseminar
la infeccion por la contaminacién fecal de la carne y
huevo. Resulta particularmente dificil detectar Salmo-
nella Enteritidis cuando el nimero de bacterias pre-
sentes es menor a nueve por pieza.'®

La modernizacion de la avicultura y las exportacio-
nes de aves progenitoras son importantes en la dise-
minacion de Salmonella Enteritidis en el mundo. En
Estados Unidos de América, por ejemplo, es comin
forzar la muda de las gallinas ponedoras retirando el
alimento para producir una pérdida de peso inten-
cional en las aves, este método acelera la muda, pero
hace mas susceptibles a las gallinas a la infeccién por
Salmonella Enteritidis, y una vez infectadas excretan
el microorganismo en las heces en concentracio-
nes significativamente altas, ello aumenta el riesgo
de contaminacion del huevo." Para el caso especi-
fico de Salmonella Enteritidis, los huevos pueden
contaminarse con heces o infectarse en el ovario al
momento de la ovulacién.® Investigaciones realiza-
das en Holanda indican que las parvadas de gallinas
ponedoras se infectan principalmente por contacto
directo con el ambiente contaminado de la granja;‘“
sin embargo, la epidemia ocurrida en Reino Unido a
principios de la década de 1980, se atribuye a la intro-
duccion de lineas de aves progenitoras infectadas con
el fago tipo 4.2

Varios autores han sugerido que Salmonella Ente-
ritidis puede ser introducida en las parvadas por roe-
dores, los cuales son susceptibles a la infeccién, al
grado que se lleg6 a usar la infeccion intencional para
destruir ratones.”** La Salmonella Enteritidis usada
en Reino Unido como pesticida en 1940 fue fago tipo
6;** sin embargo, se ha comprobado que la adquisi-
ci6én del plasmido IncX convierte las cepas fago tipo 4
en fago tipo 6.%

El dramatico incremento de infeccion por Salmo-
nella Enteritidis fago tipo 4 en humanos en Europa
desde 1980, sugiere que la bacteria ha adquirido
recientemente nuevos genes de virulencia.?’

En anos recientes se han secuenciado y comparado
un mayor nimero de genomas microbianos, lo que ha
permitido estimar la frecuencia de mutaciones. Una
importante fuente de evolucién son los mecanismos
de recombinacion que estan implicitos en el proceso
de replicacion mediante la adquisicion o pérdida de
regiones que portan genes. Ademas, la transmision
horizontal de fragmentos de ADN puede ocurrir
mediante plasmidos, islas genémicas, bacteriéfagos,
transposones y secuencias de insercién. Estos elemen-
tos moviles pueden proveer a los microorganismos,
de ventajas para adaptarse e infectar a determinadas
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lla Enteritidis in poultry farms.?* For practical uses,
in terms of transmittable zoonosis control, vaccina-
tion of birds against salmonellosis might be useful for
public health programs even if Salmonella Gallinarum
has been eradicated.

Genomic islands with several antibiotic resistance
genes are an important source of genomic variation;*
therefore, an unavoidable consequence of using anti-
biotics is the emergence and dissemination of resistant
bacteria. Some biotypes and phagotypes of Salmonella
resistant to penicillin, cloramphenicol, streptomycin,
sulphonamides, tetracycline and even fluoroquino-
lones, have mutations of gene gyrA.31

Considering the multiple sources of genetic trans-
mission among related microbial agents that include
genomic islands and plasmids, the use of antibiotics
as feed additives may have an adverse effect on public
health based on selection of resistant bacteria by anti-
biotics.”

Characterization of campylobacteriosis

There are 16 recognized species of Campylobactex32
These microorganisms are spiral or curved gram-neg-
ative rods with flagella and are microaerophilic. There
are three species of medical and veterinary signifi-
cance: Campylobacter jejuni, Campylobacter coli and Cam-
pylobacter lari. Campylobacter jejuni has two subspecies:
Campylobacter jejuni jejuni, referred shortly as Campylo-
bacter jejuni, pathogenic for humans and Campylobacter
Jejuni doylez'33 that only infects humans sporadically.

Biochemically, Campylobacter are oxidase positive,
reduce nitrates, are negative to metil red and Voges-
Proskauer and do not hydrolyze gelatin. Most species
are urea negative except some strains of Campylobacter
lari. Prolonged water exposure of organisms produces
forms that might not grow in cultures.?** Campylo-
bacter jejuni, Campylobacter coli and Campylobacter lari
are termophilic; therefore, grow better between 42°C
and 43°C and do not grow at all below 25°C. Two days
are required for culture in selective media and two
days more for the species confirming tests.®

Human infections are limited to the alimentary
tract and generally produce diarrhea. The infection
rarely causes neurological damage.37 Many infec-
tions are associated with ingestion of poultry or pork.
Besides Campylobacter jejuni, Campylobacter coliand Cam-
pylobacter lari also produce gastroenteritis in humans;
however, the latter of porcine origin, represents only
3% of isolations."

Relevant pathogenic mechanism aspects

Salmonella Enteritidis adheres to the intestinal muco-
sal surface and later invades epithelial cells. Adhe-
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células.”® Los genes asociados con virulencia, también
llamados islas de patogenicidad, se originan fuera
de las bacterias como elementos moviles. Las islas de
patogenicidad adquiridas contribuyen a la naturaleza
virulenta de las bacterias en la medida en que contie-
nen grupos de genes que incrementan la virulencia
del microorganismo y pueden transformar un orga-
nismo benigno en uno patégeno. Hasta ahora, se han
descrito 12 islas de patogenicidad para Salmonella spp,
algunas de ellas son conservadas por todos los seroti-
pos del género, pero algunas son especificas de ciertos
serotipos.

Se ha comprobado que Salmonella Gallinarum
puede generar inmunidad en la parvada contra el
serotipo 09, o sea que presenta inmunidad cruzada
con Salmonella Enteritidis. Como consecuencia de
esta caracteristica inmunolégica, se ha sugerido que
en la medida que Salmonella Gallinarum se ha elimi-
nado mediante la vacunacion y el sacrificio de las aves
infectadas, su erradicaciéon pudo haber permitido el
establecimiento de Salmonella Enteritidis.”?® En forma
inversa, en el Reino Unido, el descenso de 50% en
infeccion por Salmonella Enteritidis en aves desde
1997, coincide con la introduccién de nuevas vacu-
nas vivas contra el serotipo 09, en sustituciéon de las
vacunas con bacterias muertas en formalina.?? Para
fines practicos, en términos de control de las zoonosis
transmisibles, la vacunacion de aves contra la Salmo-
nella Enteritidis del serotipo 09, puede estar indicada
aun en situaciones en las que se haya erradicado Sal-
monella Gallinarum.

Otra importante fuente de diversidad microbiana
la constituyen los integrones, que generalmente
llevan uno o mas genes de resistencia a los antibioti-
cos.?” Un inevitable efecto del uso de antibiéticos es el
surgimiento y diseminaciéon de bacterias resistentes.
Existen algunos biotipos y fagotipos del género Sal-
monella que son resistentes a penicilina, cloranfenicol,
estreptomicina, sulfonamidas, tetraciclinas, e incluso
a fluoroquinolonas, esta resistencia se atribuye a muta-
ciones puntuales del gen gyrA.”!

Teniendo en cuenta que los genes resistentes a
los antibidticos pueden propagarse por integrones,
ademas de transposones, islas genémicas y plasmidos,
el tratamiento con agentes antimicrobianos contri-
buye al aumento de la poblacion de bacterias resisten-
tes a los agentes antimicrobianos relacionados entre
si, y por ello el uso de antimicrobianos en el alimento
de los animales puede tener efectos adversos para la
salud humana,’ debido a su efecto de seleccién en la
poblacion bacteriana resistente.

Caracterizacion de la campilobacteriosis

La clasificacion del género ha sido objeto de revisio-



sion of Salmonella Enteritidis to the epithelial surface
depends on fimbria and flagella. Fimbria of Salmonella
Enteritidis are classified as SEF14, SEF17 and SEF21.
The blind gut is the primary site of colonization of Sal-
monella Enteritidis in birds. Glycosphingolipid (GSL)
GlcCer (N-1) and gangliosid GM3 (G-1) from the
chicken intestinal mucosa of the small intestine, blind
guts and rectum are receptors for fimbria SEF21 of
Salmonella Enteritidis.*®

If Salmonella Enteritidis is able to cross the epithe-
lium and reaches the intestinal lamina propia, mac-
rophages may be infected and since the organism
is resistant to macrophage enzymes, it may spread,
transported by these cells, to other organs, specially
the liver.*

Campylobacter jejuni and Campylobacter coli live com-
mensally in the intestinal mucosa of many animal
species, including domestic birds. These organisms
may survive in the environment at 4°C during several
weeks.*

Many strains and specially those from Campylobacter
Jejuni, produce enteric toxins and cell toxins that pro-
duce digestive ailments in humans.*

Until recently, it was believed that transmission
of Campylobacter in birds occurs horizontally through
garbage, water, equipment, insects and feral animals,
based on the findings that several attempts to culture
Campylobacter from hatcheries or from new born chick-
ens have failed;*"** however, several studies suggest
that vertical transmission through the egg is possible
based on the fact that Campylobacter jejuni has been
found in all segments of the reproductive tract of hens
and in semen samples from breeder cocks.*

Limitations in diagnosis and detection

Salmonella and Campylobacter dwell in the intestine of
birds where many other bacterial species grow; there-
fore, isolation of pathogenic species may be very diffi-
cult or impossible if the number of target organisms is
proportionally too low compared to the total bacterial
population. To avoid the aforementioned isolation
difficulties, immunological and molecular biologi-
cal procedures have been developed in order to be
able to rapidly detect carrier animals. Isolation and
identification of Campylobacter is particularly difficult
because this organism grows slowly and mimics other
bacteria such as Arcobacter. A further identification dif-
ficulty derives from the lack of metabolic activity of
Campylobacter on the sugars that are usually employed
to differentiate enteric bacteria. Thus, Campylobacter
requires the evaluation of its growth under different
atmosphere conditions of: temperature and antibiotic
resistance, as well as hydrolysis of hypurate or indoxyl
acetate are often necessary.*!

nes y en la actualidad se aceptan 16 especies.*2 Estos
microorganismos tienen forma de bastones espirales
o curvados, son gramnegativos, poseen flagelos que
les dan movilidad y son microaerofilicos. Las tres
especies de importancia médica y veterinaria son:
Campylobacter jejuni, Campylobacter coli y Campylobacter
lari. Campylobacter jejuni se divide en dos subespecies:
Campylobacter jejuni jejuni, referido simplemente como
Campylobacter jejuni, el cual es patéogeno para huma-
nos, y Campylobacter jejuni doylei, que s6lo esporadica-
mente infecta a humanos.*

Bioquimicamente, los Campylobacter son oxidasa
positivos, reducen nitratos, son negativos a rojo de
metilo y Voges-Proskauer y no hidrolizan la gelatina.
La mayoria de las especies son urea negativas, excepto
algunas cepas de Campylobacter lari. La exposicion
prolongada al agua hace que los microorganismos
adquieran forma de cocos, que son mas dificiles de
cultivar e incluso pueden no ser cultivables.?*?° Campy-
lobacter jejuni, Campylobacter coliy Campylobacter lari son
termofilicos, es decir, crecen bien entre 42°Cy 43°Cy
no crecen a menos de 25°C. El cultivo en medios selec-
tivos requiere dos diasy se necesitan dos dias mds para
realizar las pruebas confirmatorias a especie.36

La infeccion en humanos se limita al tracto ali-
mentorio y produce diversos tipos de diarrea. Raras
veces la infeccion ocasiona trastornos neurolc’)gicos.?’7
La mayoria de los casos se producen por la ingestion
de carne de pollo y cerdo. Ademas de Campylobacter
Jejuni, también Campylobacter coli y Campylobacter lari
producen gastroenteritis en humanos; sin embargo,
este ultimo, cuyo origen es porcino, representa solo
3% de los aislamientos."

Aspectos relevantes de los mecanismos
de patogenicidad

Salmonella Enteritidis inicia la infeccion adhiriéndose
alasuperficie de la mucosa intestinal y posteriormente
invade las células epiteliales. La adherencia de Salmo-
nella Enteritidis a la superficie del epitelio depende de
las fimbrias y flagelos. Las principales fimbrias de Sal-
monella Enteritidis son SEF14, SEF17 y SEF21. El ciego
es el sitio primario de colonizacién de Salmonella Ente-
ritidis en las aves. Se ha investigado que el glucoes-
fingolipido (GSL) GlcCer (N-1) y el gangliésido GM3
(G-1) de la mucosa intestinal de los pollos, presentes
en el intestino delgado, ciego y recto, son los recepto-
res de la fimbria SEF21 de Salmonella Enteritidis.*®

Cuando Salmonella Enteritidis atraviesa el epitelio y
llega a la lamina propia intestinal, invade a los macro-
fagos y como es resistente a la accién de éstos, dichas
células le sirven de vehiculo para invadir otros érga-
nos, principalmente el higado.?'9

Campylobacter jejuniy Campylobacter coli viven como
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PCR techniques have been developed for detection
of Salmonellain food naturally and experimentally con-
taminated.” Sensible and specific PCR techniques for
detection of Campylobacter spp have been developed,
reducing time necessary for diagnosis to less than two
days?’3 with the advantage of being able to detect even
minute amounts as one colony forming unit per mil-
liliter of sample.46

Prospective for Mexico

Inarecentstudy performed in abroiler farm in Mexico,
10 from 30 sampled birds were positive, 8 for Salmo-
nella Enteritidis and 2 for Salmonella Typhimurium.
Without pretending to arrive to conclusions from data
derived from a single farm, considering the standard
management in modern poultry industry, these, not
yet published preliminary data, suggest that preva-
lence of Salmonella in Mexico might be similar than
that in other countries with massive production.

In the aforementioned study and regarding Campy-
lobacter, from 30 sampled birds, in nine Campylobacter
Jejuniand in two Campylobacter coli could be isolated. By
the same token, it is probable that Campylobacter jejuni
and Campylobacter coli dwell commensally in the intes-
tine of broilers from commercial farms in Mexico. For
this reason, it is necessary to perform future studies
which involve representative segments of national
poultry industry. Campylobacteriosis in humans must
be frequently seen in Mexico, derived from poultry
food consumption, that is why epidemiological studies
must be a priority. Specificity and sensibility of PCR
methods make them suitable to detect Salmonella and
Campylobacterin animals, animal origin food and envi-
ronment; thus, shed some light on the basic consid-
erations to establish reliable epidemiological markers
in Mexico.
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