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Abstract

Salmonella enterica serotypes are 99% responsible for salmonellosis in human and animals, especially Salmonella enterica
serovar Albany that has been identified in chicken carcass representing a risk for human and animal health. Salmonella enterica
serovar Albany was isolated from the feces of a male ocelot (Leopardus pardalis), at the zoo in Culiacan, Sinaloa, Mexico, and
from raw chicken (feline’s diet). The pulsed-field gel electrophoresis pattern (PFGE) generated by Xba | enzyme was identical in
both isolates, indicating that the source of infection was the raw chicken. Five months after having isolated the bacteria from the
feces, a post mortem study was carried out on the feline. Macroscopically, severe hemorrhagic enterocolitis and renal fibrosis
was observed and microscopically, there was evidence of severe mononuclear lymphocytic infiltration in the ileum, as well as
necrosis of intestinal villi and crypts, besides severe multifocal interstitial nephritis and fibrosis in both kidneys. The invA gene
was amplified from intestinal samples confirming an infection by Salmonella. The microbiologic, molecular and histopathology
diagnoses suggest that death of the feline was caused by ingestion of raw chicken contaminated with Salmonella enterica
serovar Albany. This clinical case highlights the importance of persistent fecal Salmonella shedding animals and describes the
molecular epidemiological relationships of isolates from feces and food, which allowed to find the primary source of infection.
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Resumen

Los serotipos de Salmonella especie enterica son los responsables del 99% de las salmonelosis en humanos y animales, en
particular, Salmonella enterica serovariedad Albany se ha identificado en canales de pollo, por lo que representa un riesgo para
la salud humana y animal. Se aislé6 Salmonella enterica serovariedad Albany a partir de heces de un ocelote macho (Leopardus
pardalis), cautivo en el zooldgico de Culiacan, Sinaloa, México, y de pollo crudo (alimento del felino). El patrén por electrofo-
resis en campo pulsado (PFGE) con la enzima Xba | fue idéntico en ambos aislados, lo que indica que la fuente de infeccion
fue el pollo crudo. Cinco meses después de haber aislado las bacterias de las heces, se realiz6 estudio post mortem del felino
anteriormente mencionado, y se observé macroscépicamente: enterocolitis hemorragica severa y fibrosis renal; y microscopi-
camente: necrosis de vellosidades y de criptas e infiltrado mononuclear linfocitario severo en ileon, ademas nefritis intersticial
severa multifocal y fibrosis en rifién. A partir de muestras intestinales se amplifico el gen invA que confirma la infeccion por Sal-
monella. Los diagnésticos microbiolégico, molecular e histopatologico sugieren que la muerte del felino se debio a la infeccion
causada por la ingesta de pollo crudo contaminado con Salmonella enterica serovariedad Albany. Este caso clinico confirma la
importancia que tienen los animales que excretan Salmonella via fecal y describe la relacién epidemioldgica-molecular de los

aislamientos obtenidos de heces y alimento, lo que permiti6 esclarecer la fuente primaria de infeccion.
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Introduction

almonella  genus belongs to the family

Enterobacteriaceae. The genus is composed of

Gram-negative bacilli that do not form spores,'
and consists of only two species, Salmonella bongori
and Salmonella enterica, and six subspecies. Ninety-nine
percent of salmonellosis in humans and animals is
attributed to serovars of the enterica species,? of which
approximately 2500 serotypes are known, classified
by the sugars that constitute its bacterial wall, or by
the proteins of its membrane or flagellars.’ Some
Salmonella serovars are host-specific, such as in the
case of Salmonella enterica serovar Typhi (Salmonella
Typhi), which only infects humans and causes typhoid
fever. However, other serovars may infect many animal
species, including man, for example Salmonella enterica
serovar Typhimurium  (Salmonella Typhimurium)
which only causes gastroenteritis, or Salmonella enterica
serovar Albany (Salmonella Albany). The ability
to cause disease in non specific hosts depends on
bacterial adaptation to its environment;* thanks to this,
some serotypes survive in water and food, and when
they are ingested by humans or animals, can cause
gastrointestinal disorders of mild to serious evolution,
or systemic infections as in the case of typhoid fever.’

Little is known about the role that wild animals in
captivity play as reservoirs of Salmonella. Some authors
have associated such genus with morbidity and mor-
tality of zoo animals, the probable source of infection
for these animals is fruit and food contaminated by
rodents and small native birds that have access to shel-
ters.® Cubas’ found that Salmonella excretion in feces of
birds and primates of South America zoos was common
and that these animals did not present clinical signs.
Oros et al® isolated Salmonella arizonae from digestive
and respiratory lesions in snakes. Regarding wildlife
felines, Salmonella has been isolated either from feces
or food (raw meat); however, the serotypes found cor-
respond to Typhimurium, Muenchen, Uganda, New-
port, among others, with the exception of serovar
Albany.*!" It is worth mentioning that felines, by their
carnivorous condition, have a high risk of developing
salmonellosis. Clyde et al. isolated Salmonella from fe-
ces of exotic felines that were fed raw meat; also, the
excretion of the pathogen has been decreased by mod-
ifying the type of diet in these animals.'!"

Salmonella Albany is a serovar rarely isolated from
infectious processes; however, it has been identified
in chicken carcass, for which it represents a potential
risk for human and animal health.'? Salmonella® is the
main source of food toxicoinfection in meat products,
principally those from avian origin. Salmonella Albany
was isolated from frozen chickens for exportation,
destined for human consumption in Thailand' and
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Introduccion

1 género Salmonella pertenece a la familia

Enterobacteriaceae, son bacilos gram negativos

que no forman esporas,’ y consta s6lo de dos
especies, Salmonella bongoriy Salmonella enterica, y de seis
subspecies. A los serotipos de la especie enterica se les
atribuyen 99% de las salmonelosis en seres humanos y
animales,” y se le reconocen aproximadamente 2500
serotipos, clasificados por los azicares que constituyen
su pared bacteriana, o bien por las proteinas de
membrana o flagelares.> Algunos de los serotipos de
Salmonella son hospedero-especificos, como es el caso
de Salmonella enterica serovariedad Typhi (Salmonella
Typhi), que tunicamente infecta al ser humano vy
ocasiona fiebre tifoidea. Sin embargo, algunos otros
serotipos pueden infectar a muchas especies animales,
incluyendo al hombre, por ejemplo Salmonella enterica
serovariedad Typhimurium (Salmonella Typhimurium)
que Unicamente ocasiona gastroenteritis, o Salmonella
enterica serovariedad Albany (Salmonella Albany). La
habilidad para causar enfermedad en hospederos
no especificos depende de la adaptaciéon bacteriana
con su entorno ambiental,® gracias a ello algunos
serotipos sobreviven en agua, alimentos, y cuando
son ingeridos por seres humanos o animales, pueden
causar trastornos gastrointestinales de evoluciéon de
leve a grave, o infecciones sistémicas como es el caso
de la fiebre tifoidea.’

Poco se sabe del papel que juegan los animales sil-
vestres en cautiverio como reservorios de Salmonella. Al-
gunos autores han asociado dicho género en la morbili-
dad y mortalidad de animales de zoolégico, la probable
fuente de infeccion para estos animales son las frutas y
alimentos contaminados por roedores y pequenas aves
nativas que tienen acceso a los albergues.® Cubas en-
contr6 que era comun la excrecion de Salmonella en
heces de aves y primates de zoolégicos de Sudamérica y
que éstos no presentaban sintomatologia clinica.” Ords
et al® aislaron Salmonella arizonae a partir de lesiones
digestivas y respiratorias en serpientes. Por lo que res-
pecta a felinos silvestres, se ha logrado aislar Salmonella
tanto de heces como de alimento (carne cruda); sin
embargo, las serovariedades encontradas correspon-
den a Typhimurium, Muenchen, Uganda, Newport,
entre otras, a excepcion de la serovariedad Albany.*!!
Cabe mencionar que los felinos, por su condicién car-
nivora, presentan un alto riesgo de desarrollar salmo-
nelosis. Clyde et al. aislaron Salmonella de las heces de
felinos exoticos alimentados con carne cruda, incluso
se ha logrado disminuir la excrecién del patégeno con
la modificacién del tipo de dieta en estos animales.'®!!

Salmonella Albany es una serovariedad raramente
aislada de procesos infecciosos; sin embargo, se ha



in poultry slaughterhouses either in carcass or uten-
sils and different working areas in abattoirs of Brazil,"
resulting to be the second most prevalent serovar iso-
lated from poultry farms in Algeria.'® Birds and their
byproducts used for human consumption constitute
a significant source of Salmonella food outbreaks.'™
Contamination of these products is an indicator of
the lack of hygiene during food processing stage or
in several meat distribution and refrigeration chains,
which allows multiplication of Salmonella.”’

The present study demonstrates Salmonella Albany
isolation from ocelot feces and raw chicken meat used
as food, which suggests that the severe gastrointestinal
disease of the feline was due to Salmonella Albany infec-
tion.

Case description

With the aim to identify Salmonella shedding animals
during 2008, feces from a 10 year old male ocelot
(Leopardus pardalis), captive in the zoo of Culiacan,
Sinaloa, Mexico were collected. Two samples were
taken, the first in January and the second in May. Like-
wise, samples of food given to the ocelot were also col-
lected, raw chicken from a processing plant. In Octo-
ber of the same year, the preventive medicine program
was applied, which subjects animals to stress due to im-
posed handling, coinciding with the following the two
weeks clinical profile evolution of the ocelot: melena,
anorexia, vomit, lethargy and dehydration. During this
time the animal was medicated with sulphamonometh-
oxine-trimethoprim orally* and intramuscularly,**
suspecting intestinal coccidiosis. That same October,
the feline was submitted to the Laboratorio de Patolo-
gia of the Universidad Autonoma de Sinaloa, for the
necropsy study, 10 to 12 hours post mortem, established
due to loss of rigor mortis in hind and front legs, with
the exception of neck and head.

Diagnostic techniques used
in raw chicken and fecal samples

Bacterial isolation. The culture mediums used for bacte-
rial isolation were: tetrathionate broth* (48 hours in-
cubation), semi-solid Rappaport Vassiliadis medium*
((24 hours incubation), XLT, agar®* (24 hours incu-
bation). In each one of the bacteriological techniques
used during the development of this clinical case,
Salmonella Typhimurium (ATCC 14028 S) reference
strain was used as control.

Biochemical confirmation and serotyping. The bacterial
colonies isolated were subjected to biochemical confir-
matory analysis. Biochemical tests used were: sorbitol
broth, mucate broth, motility-indole-ornithine me-

identificado en canales de pollo, por lo que representa
un riesgo potencial para la salud humanay animal."? La
Salmonella™ es la primordial fuente de toxicoinfeccién
alimentaria en productos carnicos, principalmente los
de origen aviar. En pollos congelados de exportacion
destinados para consumo humano en Tailandia'*y en
rastros de aves tanto en canales como en utensilios y
diferentes areas de trabajo en rastros de Brasil," se ais-
16 Salmonella Albany, y resulto ser la segunda serovarie-
dad mas prevalente aislada de granjas avicolas en Arge-
lia.!® Las aves para consumo humano y sus productos
constituyen una proporcion significativa de las fuentes
implicadas en brotes alimentarios de Salmonella."™ La
contaminacion de estos productos, es un indicador de
la falta de higiene durante la etapa de procesamiento
del alimento o bien en varias etapas de la cadena de
distribucién y refrigeracion de la carne, lo que permite
la multiplicacién de Salmonella.*

En el presente trabajo se demuestra el aislamiento
de Salmonella Albany a partir de heces de un ocelote y
de la carne de pollo cruda que se utilizaba como ali-
mento, lo que sugiere que la enfermedad gastroentéri-
ca severa que padecio el felino se debi6 a la infeccion
por Salmonella Albany.

Descripcion del caso

Con la finalidad de identificar animales excretores de
Salmonella durante 2008, se recolectaron heces del al-
bergue de un ocelote macho (Leopardus pardalis) de
10 anos de edad, cautivo en el zoolégico de Culiacdn,
Sinaloa, México. Se tomaron dos muestras, la primera
en enero y la segunda en mayo. Asimismo, también se
recolectaron muestras del alimento ofrecido al ocelo-
te, pollo crudo proveniente de una planta procesado-
ra. En octubre del mismo ano, se aplicé el programa
de medicina preventiva, que somete a estrés a los ani-
males por el manejo que se les impone, y que coin-
cidi6 con la siguiente historia clinica de dos semanas
de evolucion en el ocelote: melena, anorexia, vomito,
letargia y deshidrataciéon. Durante ese tiempo se medi-
¢6 al animal con sulfamonometoxina-trimetoprim via
oral* e intramuscular,** sospechando coccidiosis in-
testinal. Ese mismo mes de octubre se remitio al felino
antes referido al Laboratorio de Patologia de la Uni-
versidad Auténoma de Sinaloa para estudio de necrop-
sia, después de 10 a 12 horas de muerto, lo que pudo
constatarse por la pérdida de rigor mortis en miembros
posteriores y anteriores, y rigidez cadavérica en cuello
y cabeza.

*Daimetroprim, México.
#*Daimeton B20/T, México.
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dium (MIO), triple sugar-iron agar (TSI), lysine-iron
agar (LIA), urease test and citrate test. Serotyping was
carried out according to Kauffman-White scheme.?!

Genus confirmation by polymerase chain reaction (PCR).
Bacterial genus was confirmed by PCR with invA gene
amplification.?

Genotyping. Bacterial isolates genotyping was car-
ried out by digestion of Xba 1 restriction enzyme and
pulsed field gel electrophoresis (PFGE), using CHEF-
DR III system*** at 6 V/cm during 18 h with pulses
every 10-30 seconds. After electrophoresis, the gel was
stained with ethidium bromide and analyzed in a Gel-
Doc ™XR*#* photodocumentation system.

Diagnostic techniques used
in post mortem study

Necropsy study. Necropsy was carried out according to
the technique described by Aline ¢t al.** Intestine and
kidney samples were taken for histopathological study.
Samples were fixed in 10% buffered formaldehyde, at
pH 7.2 for its process according to standard technique;
cuts of tissue were made with a microtome at 2 to 4 pm
in thickness and stained with hematoxylin and eosin
technique (H&E).?* The following degrees were con-
sidered to quantify lesions: slight degree when patho-
logical changes in studied organs covered up to 25%;
moderate degree, from 25 to 50%; and severe degree,
from 50 to 100% of the affected organ.®

Genus identification by PCR in paraffin-embedded tis-
sues. For bacterial genus identification, a 14 pm cut of
tissue from each paraffin block was made and placed
in a 0.5 pl micro tube to carry out the PCR with the
amplification of invA gene. DNA extraction procedure
was carried out using 150 pl of Chelex® 100 Resin*
solution at 5% and heating at 100°C for 30 minutes.
Afterwards, it was centrifuged at 25,000 g for 10 min
and the supernatant was transferred to a 0.5pl sterile
micro tube.?

In the feces and raw chicken analysis, bacterial iso-
lation and gene invA amplification revealed the pres-
ence of Salmonella spp. Regarding the isolation, black
coloured colonies (H,S positive) were observed in
XLT, agar, selective and differential culture for iden-
tifying Salmonella, confirming the genus by biochemi-
cal tests (sorbitol-positive, mucate-positive, MIO- (+,
-+), TSI-K/A, LIA-K/K, urease-negative and citrate-
positive). In relation to invA gene amplification, the
electrophoresis analysis showed an amplified product
of 283 bp corresponding to the expected size for these
primers. The strain serovar was determined classify-
ing it as Salmonella enterica serovar Albany. Both strains
showed the same electrophoresis pattern after diges-
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Técnicas diagnosticas utilizadas en
muestras de heces y pollo crudo

Aislamiento bacteriano. Los medios de cultivo utilizados
para aislamiento bacteriano fueron: caldo tetratio-
nato* (incubacion por 48 horas), medio semisélido
Rappaport Vassiliadis* (incubacion por 24 horas), Agar
XLT ** (incubacion por 24 horas). En cada una de las
técnicas bacteriolégicas utilizadas durante el desarrollo
de este caso clinico, se utiliz6 como testigo la cepa de
referencia Salmonella Typhimurium (ATCC 14028 S).

Confirmacion bioquimica y serotipificacion. Las colo-
nias bacterianas aisladas se sometieron a un analisis
bioquimico confirmatorio. Las pruebas bioquimicas
utilizadas fueron: caldo sorbitol, caldo mucato, medio
motilidad-indol-ornitina (MIO), agar triple azicar-
hierro (TSI), agar lisina-hierro (LIA), prueba de urea-
sa y prueba de citrato. La serotipifcacion se realizé de
acuerdo con el esquema de Kauffmann-White.?!

Confirmacion del género mediante reaccion en cadena de
la polimerasa (PCR por sus siglas en inglés). E1 género bac-
teriano se confirm6 mediante PCR con la amplifica-
cién del gen invA. 2

Genotipificacion. La genotipificacion de los aislados
bacterianos se realiz6 mediante la digestion de la en-
zima de restriccion Xba I y electroforesis en campo
pulsado (PFGE, por sus siglas en inglés), utilizando el
sistema CHEF-DR III*** a 6 V/cm durante 18 h con
pulsaciones cada 10-30 segundos. Después de la elec-
troforesis el gel se tiné con bromuro de etidio y fue
analizado en un fotodocumentador GelDoc™ XR.#**

Técnicas diagnésticas utilizadas
en el estudio post mortem

Estudio de necropsia. Se realizé la necropsia de acuer-
do con la técnica descrita por Aline e al®* Se tomaron
muestras de intestino y rinén para examen histopato-
16gico. Las muestras se fijaron en formalina al 10%,
amortiguada a pH de 7.2 para su procesamiento segun
la técnica estandar; se realizaron cortes de tejido en
un micrétomo a un espesor de 2 a 4 pm y se tineron
por la técnica de hematoxilina y eosina (H&E).* Para
cuantificar las lesiones se consideraron los siguientes
grados: grado leve cuando los cambios patolégicos en
los 6rganos en estudio abarcaron hasta 25%, grado
moderado, de 25 a 50%, y grado severo, de 50 al 100%
del 6rgano afectado.®

Identificacion de género por PCR en tejidos incluidos en
parafina. Para la identificaciéon del género bacteriano
se utilizé un corte de 14 pm del tejido de cada bloque

*Merck, Alemania.
**Difco, Estados Unidos de América.
###Bjo-Rad, Estados Unidos de América.



tion with the Xba I restriction enzyme and with the
PFGE technique (Figure 1).
Post mortem findings are described as follows.

Necropsy and histopathological study

Macroscopic  findings. At external examination, the
corpse showed poor muscular mass condition, severe
dehydration and presence of stool at the crural region;
at internal examination, presence of hemorrhagic
exudate (severe hemorrhagic enterocolitis) was
observed in ileum and colon (Figure 2) and diffuse
fibroplasia in both kidneys (severe kidney fibrosis)
(Figure 3).

Microscopic findings. The main findings were: in il-
eum, villi and crypt necrosis as well as severe mononu-
clear lymphocytic infiltrate (Figures 4 and 5), and in
kidney, severe multifocal interstitial nephritis, fibrosis,
congestion and hemorrhage (Figures 6 and 7).

PCR of paraffin-embedded tissues. DNA extraction
from ileum amplified invA gene, showing in the elec-
trophoresis analysis an amplified product of 283 bp,
corresponding to the expected size for these primers.
In the case of kidney, amplification was not possible.

The digestive symptomatology and macro and mi-
croscopic lesions, identified in experimental pathol-
ogy researches, indicate a systemic infection caused
by Salmonella?” In the present study, the diagnostic,
microbiologic and molecular findings in feces, raw
chicken and ileum, demonstrated that Salmonella en-
terica serovar Albany was the causal agent. It is possible
that the feline could have recovered from a previous
acute intestinal episode, with certain degree of sys-
temic infection that allowed the bacterium to reach
mesenteric lymph nodes, kidney and gallbladder, be-
coming a carrier, fact that is corroborated by positive
isolations carried out before the ocelot’s death.?® Al-
though there was no molecular evidence of Salmonella
presence in kidney, the macro and microscopic kidney
lesion is compatible with this pathogen agent, prob-
ably of chronic evolution,?”” because it is known that
lipopolysacharides (LPS) that form part of the bacte-
rial external membrane and induce tubular cell death,
cause lesions that are repaired through fibroplasia.®
Likewise, it is worth mentioning that the specimen
during the clinical profile, had risk factors associated
with infection by Salmonella, such as age, season of the
year and stress.?” Animals subjected to stress, either to
transportation, management or confinement, as in
this case, have greater probability of shedding entero-
pathogens such as Salmonella in their manure, and
this fact increases risk of infection in other animals of
the same or near shelters.” In this case, it was not pos-
sible to isolate the enterobacterium Salmonella from

de parafina y se colocé en un microtubo de 0.5 pl para
realizar la PCR con la amplificacién del gen invA. El
procedimiento de extraccion de ADN, se llevo a cabo
utilizando 150 pl de una soluciéon de Chelex ®100
Resin* al 5% y calentando a 100°C por 30 minutos.
Luego se centrifugé6 a 25,000 g por 10 min y se transfi-
ri6 el sobrenadante a un microtubo de 0.5 pl estéril.?®

En el analisis de heces y pollo crudo, el tren de
aislamiento bacteriano y amplificacion del gen invA
revel6 la presencia de Salmonella spp. En lo referente
al aislamiento se observaron en el agar XLT,, medio
de cultivo selectivo y diferencial para identificacion
de microorganismos del género Salmonella, colonias
de tonalidad negra (H,S positivas), confirmandose el
género por medio de las pruebas bioquimicas (sorbi-
tol-positivo, mucato-positivo, MIO- (+, -, +), TSI- K/A,
LIA-K/K, ureasa-negativa y citrato-positivo). Por lo
que respecta a la amplificacion del gen invA, el andli-
sis electroforético mostré un producto amplificado de
283 pb correspondiente al tamano esperado para estos
iniciadores. Se determiné la serovariedad de la cepa
clasificindola como Salmonella enterica serovariedad Al-
bany. Ambas cepas presentaron el mismo patrén elec-
troforético después de la digestion con la enzima de
restriccion Xba Iy con la técnica de PFGE (Figura 1).

Los hallazgos en los estudios post mortem se detallan
a continuacion.

Estudio de necropsia e histopatologico

Hallazgos macroscépicos. A la inspeccion externa, el ca-
daver present6 una pobre condicién de masa muscu-
lar, deshidratacion severa y presencia de excremento
en region crural; a la inspeccién interna, se observé en
ileon y colon la presencia de un exudado hemorragico
(enterocolitis hemorragica severa) (Figura 2) y fibro-
plasia difusa en ambos rinones (fibrosis renal severa)
(Figura 3).

Hallazgos microscopicos. Los principales hallazgos
fueron: en ileon, necrosis de vellosidades y de criptas
asi como un infiltrado mononuclear linfocitario seve-
ro (Figuras 4y 5), y en rinén, nefritis intersticial severa
multifocal, fibrosis, congestién y hemorragia (Figuras
6y7).

PCR de tejidos incluidos en parafina. E1 ADN extrai-
do de ileon amplificé el gen invA, mostrando en el
andlisis electroforético un producto amplificado de
283 pb correspondiente al tamano esperado para estos
iniciadores. En el caso del rinén no se logré la ampli-
ficacion.

La sintomatologia digestiva y las lesiones intestina-
les macro y microscépicas, identificadas en diferentes
investigaciones de patologia experimental, indican una

*Bio-Rad, Estados Unidos de América.
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the mesenteric lymph nodes of the ocelot; however,
other researchers have been able to do it from lym-
phoid organs of marsupials in captivity.”® Regarding
the mammalian order Carnivora, other studies have
found this order as the most prevailing in Salmonella
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FIGURA 1. Patrones electroforéticos del ADN bacteriano digerido
mediante la endonucleasa Xba I y sometido a PFGE. Carriles: 1)
Salmonella Albany aislada de heces; 2) Salmonella Albany aislada de
carne de pollo cruda; 3) Salmonella Braenderup H9812, marcador
peso molecular (MPM) cepa de referencia.

FIGURE 1. Electrophoresis patterns of digested bacterial DNA by
endonuclease Xba I and submitted to PFGE. Lanes: 1) Salmonella
Albany isolated from feces; 2) Salmonella Albany isolated from raw
chicken; 3) Salmonella Braenderup H9812, molecular weight mar-
ker (MWM) reference strain.

FIGUrA 3. Capsula renal de bordes irregulares: fibrosis renal.

FIGURE 3. Renal capsule with irregular borders: renal fibrosis.
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infeccion sistémica por Salmonella.”” En el presente
estudio, los hallazgos diagnosticos, microbiolégico y
molecular en heces, pollo crudo e ileon, demostraron
que se traté de Salmonella enterica serovariedad Albany.
Es probable que el felino se haya recuperado de un
episodio intestinal agudo anterior, con cierto grado de
infeccion sistémica que permitié a la bacteria alcanzar
linfonodos mesentéricos, rinén y vesicula biliar, convir-
tiéndose asi en portador, hecho que se corrobora por
los aislamientos positivos realizados antes de la muerte
del ocelote.?* Aunque no se tuvo evidencia molecular
de presencia de Salmonella en rinén, la lesion renal ma-
cro y microscopica es compatible con dicho agente pa-
tégeno, probablemente de evolucion crénica,” pues se

FIGURA 2. Mucosa intestinal con exudado hemorrdgico severo: en-
terocolitis hemorragica severa.

FIGURE 2. Intestinal mucosa with severe hemorrhagic exudate: se-
vere hemorrhagic enterocolitis.

FIGURA 4. Seccion histologica de ileon, donde se observa necrosis
de vellosidades (1) y de criptas (2), asi como un infiltrado mononu-
clear linfocitario severo (3) (H&E 10 X).

FIGURE 4. Ileum histological section, where villi (1) and cypts (2)
necrosis are observed, as well as severe mononuclear lymphocytic
infiltrate (3) (H & E 10 X).



FIGURA 5. Acercamiento de la seccion histologica de la Figura 4
(H&E 40 X).

FIGURE 5. Close up of Figure 4 histological section (H & E 10X).

FIGURA 7. Acercamiento de la seccion histolégica de la Figura 6
(H&E 40 X).

FIGURE 7. Close up of Figure 6 histological section (H & E 40X).

shedding, also, within the same, the ocelot has been
the species with the highest prevalence.® Many re-
searchers associate animal diet based on raw meat with
Salmonella shedding in their manure, with an excre-
tion prevalence that varies from 1 to 69%.% Onset and
duration of fecal excretion are related to the infect-
ing dose, type of exposure, serovar and host factors;
additionally, Salmonella serovar present in stool could
coincide with the one ingested at any moment in the
week previous to excretion, or with the one present in
recent ingested food.” Therefore, the type of diet has
influence on positive isolates found in this case and
is associated with bacterial contaminated raw meat.'"*
Although Salmonella is an enteropathogen involved
mainly in food infections, other important exposure
sources to this organism must be considered, such as:

FIGURA 6. Seccion histolégica de rinén, donde se observa nefritis
intersticial severa multifocal (1), fibrosis (2), congestion (3) y he-
morragia (4) (H&E 10 X).

FIGURA 6. Kidney histological section, where severe multifocal in-
terstitial nephritis is observed (1), fibrosis (2), congestion (3) and
hemorrhage (4) (H & E 10X).

sabe que los lipopolisacaridos (LPS) que forman parte
de la membrana externa bacteriana que inducen a la
muerte de células tubulares, producen lesiones que se
reparan a través de fibroplasia.” De igual manera, cabe
mencionar que el ejemplar durante el desarrollo del
cuadro clinico, tuvo factores de riesgo asociados con
la infeccién por Salmonella, como son la edad, época
del ano y el estrés.” Los animales sometidos a estrés,
ya sea por transporte, manejo o bien por confinamien-
to, como en este caso, tienen mayor probabilidad de
excretar enteropatégenos como Salmonella via fecal,*
y este hecho aumenta el riesgo de infecciéon en otros
animales del mismo albergue, o bien, de albergues
contiguos.” En este caso, no fue posible aislar la en-
terobacteria Salmonella de los linfonodos mesentéricos
del ocelote; sin embargo, otros investigadores lo han
logrado a partir de éstos 6rganos linfoides de mar-
supiales en cautiverio.”® Por lo que respecta al orden
Carnivora, otras investigaciones han encontrado este
orden como el de mayor prevalencia en excrecion de
Salmonella e incluso, dentro del mismo, el ocelote ha
sido la especie que ha presentado la prevalencia mds
alta.® Muchas investigaciones asocian la alimentacién
animal basada en carne cruda, con la excrecion fecal
de Salmonella, con prevalencias de excreciéon que va-
rian entre 1y 69%.* El inicio y la duracion de excre-
cion fecal estan relacionados con la dosis infectante,
tipo de exposicion, serovariedad y factores del hospe-
dero, ademas, la serovariedad de Salmonella presente
en el excremento, podria coincidir con la serovarie-
dad consumida en cualquier momento de la semana
anterior a la excrecién, o bien, con la que se encuen-
tra en el alimento recién consumido.* El tipo de dieta
influye por lo tanto, en los hallazgos de aislamientos
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water, dust, direct contact with rodents or insects in
the environment.”® It is also feasible that the bacte-
ria can be disseminated through transport of contami-
nated soil on boots, clothing, or cleaning implements
used by workers, hence the necessity to consider these
factors to minimize the possibility of disseminating the
bacterial agent, not only in the zoo, but in any environ-
ment.*” Electrophoresis patterns observed in PFGE, ei-
ther of the isolated strain from feces of ocelot or the
one isolated from food were identical, which suggests
that the source of infection is raw chicken. Recently,
several researches have isolated a high percentage
(50%) of Salmonella Albany from chickens,* and it is
one of the animal products more frequently associated
with outbreaks of enteritis, septicemia and abortion in
animals, and gastroenteritis and typhoid fever in hu-
mans.* In this case, since it was possible to identify the
primary source of infection, it is possible to implement
strategic infection prevention measures in the rest of
the carnivorous species, since non-typhic Salmonella
shedding in this park can have clinical repercussions
of great importance to public health, because it is a
zoonotic pathogen,* as well as to other animal species
in captivity sheltered in the zoo, which can behave as
bacterial reservoirs and chronic carriers.*

This clinical case highlights the importance of en-
vironmental contamination where there are animals
shedding Salmonella, and even more, when these be-
long to collection exhibits in zoos, as is the case, which
can have serious implications in public health, mostly
in children less than five years of age, elderly, pregnant
women and other immune-compromised individuals
visiting these places.**® The relevance of salmonello-
sis epidemiology in healthy carrier wildlife animals has
been reported by Hudson ¢t al.*"in the United States of
America and by Refsum et al.*® in Norway. Salmonella in-
testinal excretion by infected animals, including those
that do not show clinical signs, represents a great chal-
lenge for establishing environmental health programs,
because despite treating all infected animals with anti-
biotics, bacteria can be constantly shed and continue
to contaminate the environment, other susceptible
animals, or even water that constitutes a highly favor-
able medium for dissemination and multiplication
of bacteria in general.* Being food one of the main
infectious sources involved in gastrointestinal salmo-
nellosis identified by several authors, the one given to
carnivorous animals in captivity, should be similarly
submitted to rigorous inspection as food for human
consumption, which would decrease the risk of con-
tamination and transmission of the disease.”® Another
prevention alternative, besides antibiotherapy and
food safety inspections, is immune response stimula-
tion through the addition of probiotic compounds in
the diet, which favors rejection of potentially harmful
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positivos encontrados en este caso y se asocia al con-
sumo de carne cruda contaminada con la bacteria.'"*
Aunque Salmonella es un enteropatégeno involucrado
principalmente en infecciones de tipo alimentario,
hay que considerar también otras fuentes importantes
de exposicion a estos microorganismos, como el agua,
el polvo, el contacto directo con roedores o insectos
del entorno.™ Es factible también que la bacteria
pueda diseminarse entre los albergues, a través de las
botas, ropa, o implementos de limpieza utilizados por
los trabajadores por lo que sera necesario considerar
estos factores, para lograr minimizar la posibilidad de
dispersar el agente bacteriano, no s6lo en el zoolégico
sino en cualquier ambiente.*” Los patrones electrofo-
réticos observados en la PFGE, tanto de la cepa aislada
de las heces del ocelote como de la aislada del alimen-
to fueron idénticos, lo que sugiere que la fuente de in-
feccion es el pollo crudo. Actualmente, diversas inves-
tigaciones han encontrado Salmonella Albany aislada
de pollos en un alto porcentaje (50%)*'y es uno de los
productos animales mds asociado con cuadros de ente-
ritis, septicemia y aborto en animales, y de gastroente-
ritis y fiebre tifoidea en el ser humano.* En este caso,
dado que se logré identificar la fuente primaria de in-
feccion, es posible implementar medidas estratégicas
de prevencién de la infeccion en las demads especies
carnivoras, ya que la excrecion de Salmonella no tifica
en este centro recreativo puede tener repercusiones
clinicas y de suma importancia en la salud publica, por
tratarse de un agente patégeno de indole zoonético,*
asi como en las otras especies animales en cautiverio
albergadas en el zoolégico, que pueden comportarse
como reservorios de la bacteria y portador crénico.**
Este caso clinico destaca la importancia de la conta-
minacion del ambiente donde se alojan animales que
excretan Salmonella en heces, y mas atn, cuando estos
ejemplares pertenecen a colecciones exhibidas en zoo-
légicos, como en este caso, lo que puede tener serias
implicaciones en la salud publica, sobre todo en ninos
menores de 5 anos, ancianos, mujeres embarazadas y
otros individuos inmunocomprometidos que acudan
a estos centros recreativos.** La relevancia de la epi-
demiologia de la salmonelosis en los animales silves-
tres portadores sanos ha sido informada por Hudson
et al.’” en Estados Unidos de América y por Refsum e
al.*® en Noruega. La excrecion intestinal de Salmonella
por animales infectados, incluyendo aquellos que no
muestran sintomatologfa clinica, representa un gran
reto para establecer programas de sanidad ambiental,
ya que a pesar de tratar con antibiéticos a todos los
animales infectados, las bacterias pueden ser excreta-
das constantemente en las heces y seguir contaminan-
do el ambiente, a otros animales susceptibles, o bien,
el agua que constituye un medio altamente favorable
para la diseminacién y multiplicacién de las bacterias



infectious microorganisms, this can be done by pro-
duction of specific immunoglobulins type A, modulat-
ing the development of dendritic cells, or by activation
of NK cells.”"*? Regarding the infrastructure of the zoo,
the restrictions that favor the risk of infection are: ad-
equate facilities destined for hand washing, adequate
number of visitors, designated areas for preparation
and consumption of food for humans near zones for
animal exhibits and bad management of waste water.”
It will be necessary to conduct epidemiologic research
following appropriate protocols for sampling of hu-
mans, animals and environment, including molecular
subtyping of isolated pathogens, and that national and
state public health laboratories report enteric infec-
tion outbreaks associated with animal contact.

It is concluded that it was possible to isolate Salmo-
nella Albany from feces and food, as primary infection
source, and it demonstrates the relevance of subtyp-
ing by PFGE. This work describes the epidemiologic-
molecular relation of the isolates obtained from the
zoo. The potential danger of non-typhic salmonellosis
transmission between visitors or laborers of this zoo,
should not be underestimated; therefore, it is urgent
to implement disease surveillance systems in animals
and persons, since it is unknown if diarrheic illnesses
that show up in humans have genomic relation with se-
rovars responsible of animal diseases. It will be neces-
sary to continue with wider studies to be able to clarify
the bacterial behavior of this serovar and prevent out-
breaks in the human population of Sinaloa, Mexico.
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