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Inmunizacion de ratones BALB/c con un antigeno de larvas
musculares de Trichinella spiralis utilizando Lactobacillus casei
como adyuvante

Immunization of BALB/c mice with an antigen from Trichinella
spiralis muscle larvae using Lactobacillus casei as adjuvant

. . . kykok
Carlos Ramén Bautista Garfias N

Adriana Posadas Beltrén*:
Olga Ixta Rodriguez

Abstract

The objective of the present study was to evaluate the adjuvant capacity of Lactobacillus casei with larval
antigens from Trichinella spiralis. Fifty BALB/c mice were allocated into five groups of ten animals each,
divided into two subgroups (A and B) of five mice each. The treatments were administered by an intra-
peritoneal (i.p.) route as follows: Group 1 (G1) physiologic saline solution; Group 2 (G2) viable Lactobacil-
lus casei (vL.c); Group 3 (G3) vLc and soluble extract from 7. spiralis muscle larvae (TspMLAg); Group 4
(G4) vLc, TspMLAg and incomplete Freund’s adjuvant; Group 5 (G5) TspMLAg in Freund’ s complete
adjuvant (FCA). At day 21 all mice were orally challenged with 400 7. spiralis muscle larvae per mouse.
Animals in A subgroups were sacrificed at day four post- infection (p.i.) to determine the number of
adult worms in the intestine (AWI); while those mice from B subgroups were sacrificed at day 31 p.i. to
determine the number of larvae per gram of muscle tissue (LPGMT). The percentages of reduction of
AWI were of 79, 68, 60 and 62 for G2, G3, G4 and Gb, respectively, all significant (P < 0.01) with respect
to the control group Gl. The percentages of reduction of LPGMT were of 42.7, 87, 26.7 and 86.7 for G2,
G3, G4 and G5, respectively. The maximal reduction of LPGMT observed in G3 and G5 was significant
(P <0.01) with respect to the other groups. Itis concluded that viable L. casei behaves as an adjuvant when
administered to mice along with 7 spiralis antigens.

Key words: TRICHINELLA SPIRALIS ANTIGENS, IMMUNIZATION, LACTOBACILLUS CASEI, ADJUVANT,
BALB/c MICE.

Resumen

El objetivo del presente estudio fue evaluar la capacidad de adyuvante de Lactobacillus casei con antigenos
de larvas de Trichinella spiralis. Se distribuyeron 50 ratones BALB/c en cinco grupos de diez animales,
cada uno con dos subgrupos (A y B) de cinco ratones. Los tratamientos se administraron por via
intraperitoneal (i. p.) como sigue: Grupo 1 (G 1), solucién salina fisiologica; Grupo 2 (G 2), Lactobacillus
casei viable (Lcv); Grupo 3 (G 3), Lcv y extracto soluble de larvas musculares de Trichinella spiralis
(TspMLAg); Grupo 4 (G 4), Lcv, TspMLAg y adyuvante incompleto de Freund; Grupo 5 (G 5), TspMLAg
en adyuvante completo de Freund. El dia 21 todos los animales fueron confrontados via oral con 400
LM de T spiralis por raton. Los roedores de los subgrupos A se sacrificaron el dia cuatro posinfeccion
(pi) para determinar el namero de gusanos adultos en el intestino (GAI); mientras que los ratones de
los subgrupos B se sacrificaron el dia 31 pi para determinar el nimero de larvas por gramo de tejido
muscular (LPGTM). Los porcentajes de reduccion de GAI fueron de 79, 68,60y 62 paraG2,G 3,G4y G
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5, respectivamente, todos ellos significativos (P < 0.01) con respecto al grupo testigo G 1. Los porcentajes
de reduccion de LPGTM fueron de 42.7, 87, 26.7 y 86.7 para G 2, G 3, G 4y G b5, respectivamente. La
maxima reduccion de LPGTM observada en G 3 y G 5 fue significativa (P < 0.01) con respecto a los otros
grupos. Se concluye que L. casei viable funciona como adyuvante cuando se administra a ratones junto

con antigenos de 1. spiralis.

Palabras clave:ANTIGENOS DE TRICHINELLA SPIRALIS, INMUNIZACION, LACTOBACILLUS CASEI, ADYU-

VANTE, RATONES BALB/c.

Introduction

ifferent strategies have been developed to con-

trol parasitic diseases of man and domestic

animals; among them, animal management,
education in man, genetic selection, use of antipara-
sitic drugs, and vaccination. The first four methods
are known since a long time ago; however, they have
not produced the wished results or they have serious
drawbacks. For example, genetic selection is expen-
sive and a considerable period of time is required (sev-
eral generations) to obtain resistant animals, besides
itis necessary to preserve the desired productive char-
acteristics.' Probably with the new genetic-production
technologies —for example, the development of trans-
genic mice resistant to Nippostrongylus brasiliensis—*
practical results could be obtained in a medium or a
long-term.

An undesirable effect of antiparasitic drugs is that
they contaminate the environment, including animal
products for human consumption and, besides, their
uncontrolled use has induced the appearance of
parasite strains resistant to chemical products, which
restraint more their use.” With respect to the vaccines
against parasites, even though is a desirable control
method, at the present there is not availability of
commercial vaccines due to the difficulty to identify,
isolate and produce specific antigens (in different
parasitic diseases) to a commercial scale. The need
for safer vaccines has favored the development
of new generation antigens (synthetic peptides,
recombinant proteins) which, however, are poor
immunogenic by themselves and need adjuvants to
stimulate an immune response, in such a way that
the development of new subunit vaccines relies on
the crucial immunomodulator role of adjuvants.
Particularly in Mexico, there is the need for developing
new adjuvants, which stimulate an appropriated
immune response (for example, T cell immunity
against intracellular pathogens) and that they do not
cause undesirable collateral effects for using them
safely with defined antigens in vaccination programs
and to obtain the adequate protection in a particular
animal species, including the human being.**
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Introduccion

e han desarrollado diferentes estrategias para

el control de las enfermedades parasitarias del

hombre y sus animales domésticos, entre ellas el
manejo de los animales, la educacion en el hombre, la
seleccion genética, el uso de farmacos antiparasitarios
y la vacunaciéon. Los primeros cuatro métodos se
conocen desde hace mucho tiempo; sin embargo, no
han producido los resultados deseados o tienen serios
inconvenientes. Por ejemplo, la seleccion genética
es costosa y se requiere de un tiempo considerable
(varias generaciones) para obtener los animales
resistentes a cierto tipo de enfermedad, ademads es
necesario que se conserven las caracteristicas deseables
de producci(’)n.l Probablemente con las nuevas
tecnologias de ingenieria genética —por ejemplo, el
desarrollo de ratones transgénicos resistentes a la
infeccion con Nippostrongylus brasiliensis—" se obtengan
resultados practicos a mediano o largo plazos.

Los farmacos antiparasitarios tienen el
inconveniente de que contaminan el ambiente,
incluyendo los productos de origen animal para
consumo humano y, ademads, su uso indiscriminado ha
provocado la aparicién de cepas de distintos pardsitos
resistentes a los farmacos, ello limita su empleo.3 En
cuanto a las vacunas contra pardsitos, aunque es un
método deseable, todavia no se dispone de vacunas
comerciales debido a la dificultad de identificar,
aislar y producir antigenos especificos (en diferentes
enfermedades parasitarias) a escala comercial. La
necesidad de contar con vacunas mas seguras ha
propiciado el desarrollo de antigenos de nueva
generacion (péptidos sintéticos, proteinas
recombinantes) que, sin embargo, por si solos son
poco inmunogénicos y necesitan de adyuvantes para
estimular una respuesta inmunitaria, de tal manera
que el desarrollo de las nuevas vacunas de subunidad
dependera del papel inmunomodulador crucial de
los adyuvantes. Existe la necesidad de desarrollar
nuevos adyuvantes, particularmente en México, que
estimulen una respuesta inmunitaria apropiada (por
ejemplo, inmunidad de células T contra patégenos
intracelulares) y que no provoquen efectos colaterales



In this scenario, itis evident the need for developing
alternative methods for the control of parasitic
diseases; for example, the use of immunostimulants,’
such as the lactic acid bacteria; Lactobacillus casei
stands out for its capacity to stimulate the host’s
immune system,*"" in such a way that induces in
mice nonspecific protection against Trichinella spiralis
infections,®'*!"” parasite which causes one of the
most important parasitic zoonosis in the world."
Furthermore, it has been demonstrated that L. case:
has adjuvant properties when is administered by oral
route.”"” There are not antecedents on the use of L.
casei as adjuvant with parasite antigens, for this reason
the aim of the present experiment was to evaluate its
protective effect when is administered with antigens
from 7. spiralis muscle larvae in BALB/c mice, against
an experimental infection with parasite’s infective
larvae.

Material and methods

Experimental animals

To maintain the 7. spiralis strain, NIH mice were
used; while for the immunization assay 2-3 month-old
female BALB/c mice, parasite free, with an average
weight of 20 g were used. Mice were allocated in
acrylic cages containing sterilized sawdust where they
were fed with commercial food and drank water ad
libitum.

Parasite

The Trichinella spiralis strain used (ISS3) has been
maintained in laboratory by serial passage in NIH
mice and Wistar rats."”

Muscle larvae (ML) were obtained according to
the methods of Slaton Blair."® 7. spiralis infected mice
were sacrificed by cervical dislocation; subsequently
the obtained skeletal muscle mass was grinded and
then digested in saline solution containing 1% pepsin
HCI, which was maintained in a warm bath at 37°C
with a continuous air flux during three hours. This
solution was screened through two sieves, numbers
100 and 200; subsequently it was washed with tap
water and finally larvae were recovered from a sieve
number 200.

The larvae obtained were used to prepare a sol-
uble extract and to infect more mice. The number
of larvae/ml was determined by using a chamber for
counting nematodes. The required number of larvae
was adjusted and this was inoculated to each mouse
trough an oral probe.

indeseables para utilizarlos de manera segura con
antigenos definidos en programas de vacunacion y
obtener la proteccién adecuada en la especie animal
que se desee, incluyendo al ser humano.**

Asi, es evidente lanecesidad de desarrollar métodos
alternos para el control de enfermedades parasitarias;
por ejemplo, el uso de inmunoestimulantes,” como
las bacterias acido-lacticas; destaca el Lactobacillus
caser por su capacidad para estimular el sistema
inmunitario del huésped,*'' de manera que genera
proteccion inespecifica contra infecciones por
Trichinella spiralis,*'>" responsable de una de las
zoonosis parasitarias mds importantes en el mundo."
Ademss, se ha demostrado que L. case: es adyuvante
cuando se administra por via oral.”' No hay
antecedentes sobre el uso de L. case: como adyuvante
con antigenos de parasitos, por lo que se realiz6 este
experimento, que pretende evaluar su efecto protector
administrado con antigenos de larvas musculares de
T. spiralis en ratones BALB/c, contra una infeccién
experimental con larvas infectivas del pardsito.

Material y métodos

Animales de experimentacion

Para mantener la cepa de 7. spiralis se usaron ratones
NIH, y para el esquema de inmunizacién ratones
BALB/c de 2-3 meses de edad, hembras, pesaban
20 g. Se les practic6 examen coproparasitoscopico
para verificar que no estuvieran parasitados. Luego se
alojaron en jaulas de acrilico con aserrin esterilizado
y se les dio alimento comercial y agua ad libitum.

Parasito

La cepa de Trichinella spiralis utilizada (ISS3) se ha
mantenido en el laboratorio por pases seriados en
ratones NIH y en ratas Wistar.'?

Laobtencion de larvas musculares (LM) se hizo con
los métodos de Slaton Blair."® Los ratones infectados
con T. spiralis se sacrificaron por dislocaciéon cervical
para obtener musculo esquelético, que fue triturado
con un molino de carne y digerido con solucién salina
que contenia pepsina 1%-HCI, y mantenido en bano
Maria a 37°C con flujo continuo de aire durante
tres horas. La solucion de digestion se pas6 por dos
tamices, ndmeros 100 y 200, para lavarla con agua de
la llave y luego recuperar las LM del tamiz de 200.

El paquete de LM obtenido se us6 para preparar
el extracto soluble total e infectar mas ratones. El
numero de larvas/ml se determiné mediante una
camara cuenta-nematodos. Luego se ajust6 al nimero
de larvas requerido y se inocul6 a cada ratén via oral,
con sonda.
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Preparation of the Trichinella spiralis muscle
larvae soluble extract (MLSE)

The MLSE was prepared according with the method of
Jungery et al."” for obtaining parasite surface antigens.
ML were suspended in a 10 mM, pH 8.1 trizma-base
solution containing a protease-inhibition cocktail.”
This suspension was macerated in a Wheaton tissue
homogenizer during 15 min at 4°C, then, to solubilize
proteins, 2% sodium desoxicolate was added to the
suspension, which was homogenized for additional 10
min. This suspension was then centrifuged at
14 000 gduring one hour in a refrigerated Eppendorf
centrifuge. Subsequently the supernatant -1 spiralis
muscle larvae antigen (Tsp MLAg) - was collected and
its protein concentration was determined by the Lowry
method.” The antigen dose used for immunization
was 100 g in accordance with the results of Darwish et
al®

Bacteria

The Lactobacillus casei, strain ATCC7469, was grown in
MRS broth at 37°C during 18 h. The microorganisms
were harvested and centrifuged at 5 000 g during
10 min, they were washed several times with sterile
phosphate buffered saline solution,® later the viable
count was determined and the viable bacteria
concentration was adjusted (cfu).

Adjuvants

Freund’s complete adjuvant (FCA) or Freund’s incom-
plete adjuvant (FIA),” were mixed with the antigen
(v/v) before immunization.

Immunization protocol

Fifty BALB/c female mice, parasite free, were distribu-
ted at random into five groups of ten animals each.
Mice in groups 1 and 2 were treated by intraperitoneal
route (i.p.) with saline solution and viable Lactobacillus
casei (vLc, 1.8 x 107 fcu), respectively, on day 14. Mice
in groups 3, 4 and 5 were treated by i.p. route with vLc
(1.8 x 10? cfu) plus 100 g of T. spiralis muscle larvae
antigen (TspMLAg), vLc (1.8 x 10” cfu) plus 100 g
of TspMLAg in Freund’s incomplete adjuvant (FIA),
and 100 g of TspMLAg in Freund’s complete adjuvant
(FCA), respectively, on days zero, seven and 14. Infec-
tion was carried by oral route on day 21 with 400 7¥:-
chinella spiralis muscle larvae per mouse. Five animals
in each group were sacrificed four days after infec-
tion (d.a.i) to determine adult worms in the intestine,
while the remaining mice in each group were sacri-
ficed 31 d.a.i to evaluate larvae per gram of muscle
tissue.
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Obtencion del extracto soluble de larvas
musculares(ESLM) de Trichinella spiralis
El ESLM se obtuvo con el método de Jungery et al.”
para obtener antigenos de superficie del pardsito.
El paquete de LM se resuspendié en una solucién
de trizma-base 10 mM, pH 8.1 que contenia un
coctel de inhibidores de proteasas.” La suspension de
parasitos se macer6 en un homogeneizador de tejidos
Wheaton durante 15 min a 4°C, luego, para solubilizar
proteinas, a la suspension se le adicioné desoxicolato
de sodio a concentracién de 2% vy se siguié con
la homogeneizaciéon durante diez minutos. Al final
se centrifugé el lisado a 14 000 g durante una
hora en una centrifuga Eppendorf refrigerada.
Después se recolect6 el sobrenadante —antigeno de
larvas musculares de 7. spiralis (TspMLAg)—, cuya
concentracion de proteinas se determiné por el
método de Lowry.” La dosis de antigeno en la
inmunizacion fue de 100 g con base en los resultados
de Darwish et al.?!

Bacteria

Se utilizé la cepa ATCC7469 de Lactobacillus casei
cultivada en medio MRS a 37°C durante 18 h.
Los microorganismos fueron cosechados por
centrifugacion a 5 000 g por 10 min, se lavaron varias
veces con solucién salina estéril,® se determiné la
cuenta viable y se ajusté a la concentracion deseada
(ufc).

Adyuvantes

Se utilizaron los adyuvantes completo de Freund
(FCA) e incompleto de Freund (FIA),” mezclando v/v
con el antigeno antes de la inmunizacion.

Protocolo de inmunizacion

Cincuenta ratones hembra BALB/c, libres de parasitos,
fueron distribuidos al azar en cinco grupos de diez
animales cada uno. Los de los grupos 1 y 2 se
trataron por via intraperitoneal (i.p.) con solucién
salina fisiologica y Lactobacillus casei viable (Lcv, 1.8 x
109 ufc), respectivamente, en el dia 14. Los ratones
de los grupos 3, 4 y 5 fueron tratados por via i. p. con
Lev (1.8 x 109 ufc) mas 100 g de antigeno de larvas
musculares de 7. spiralis (TspMLAg), Lev (1.8 x 109
ufc) mas 100 g de TspMLAg mads adyuvante incompleto
de Freund (FIA) y 100 g de TspMLAg mas adyuvante
completo de Freund (FCA), respectivamente, en los
dias cero, siete y 14. La infeccién se llevé a cabo por

*Complete <TM> Mini, Boehringer, Germany.
**Sigma, Missouri, USA.



Assessment of Trichinella spiralis adult
worms

Mice were sacrificed by cervical dislocation; next the
small intestine from each animal was placed in iso-
tonic saline solution and was cut both longitudinally
and transversally. Later, the intestine in saline solu-
tion was exposed during 5 min at 4°C, then it was
placed in gauze on the Baerman apparatus, which
consists in a funnel with rubber tubing and a Mohr
pincer to avoid liquid spillage, containing warm phys-
iologic saline solution (approximately at 40°C) and
left during 24 h. Adult worms were collected in an
assay tube adapted to the final part of the rubber
tubing and then placed in 70% alcohol for fixing. The
number of adult worms per mouse was carried out in
a chamber for counting nematodes.®

Assessment of Trichinella spiralis larvae per
gram of muscle tissue (LPGTM)

Recovering of muscle larvae was carried out in accor-
dance with the methods of Slaton Blair,'® and, accord-
ing with the muscle mass, the number of LPGMT was
calculated.

Statistical analysis

Results were examined by the analysis of variance
(ANOVA).*

Results

The treatments with viable Lactobacillus casei gener-
ated significant protection in mice (P < 0.01) which
was showed as a reduction, both in the number of
adult worms in the intestine (AWI) as in the number
of larvae per gram of muscle tissue (LPGTM) from
a challenge infection with Trichinella spiralis infective
larvae, as compared with controls treated with physi-
ologic saline solution.

In Table 1 is shown the average of adult worms
recovered from immunized mice four days after infec-
tion. The averages of AWI obtained in groups 1, 2, 3,
4, and 5 were 310, 65, 98, 123 and 117, respectively;
and the percentage reduction averages obtained, with
respect to the group 1 (control), were 79, 68, 60 and
62 for the groups 2, 3, 4, and 5, respectively. It is worth
to point out that L. casei treatment lowered in 79% the
amount of recovered worms (Table 1).

In Table 2 is shown the average of larvae per gram
of muscle tissue (LPGTM) recovered 31 days after
infection. The averages of LPGTM obtained in groups
1, 2, 3, 4, and 5 were 10 290, 5 896, 1 313, 7 539 and 1
371, respectively; while the percentage reduction aver-

via oral en el dia 21 con 400 larvas musculares de
Trichinella spiralis por ratéon. Cinco animales de cada
grupo fueron sacrificados cuatro dias después de la
infeccion (ddi) para determinar gusanos adultos en el
intestino, los restantes ratones de cada grupo fueron
sacrificados en el dia 31 ddi para determinar larvas
por gramo de tejido muscular.

Determinacion de gusanos adultos de
Trichinella spiralis

Para obtener los gusanos adultos, los ratones fueron
sacrificados por medio de dislocaciéon cervical.
Posteriormente se coloco el intestino delgado de cada
animal en solucién salina isoténica y se cort6 tanto
longitudinal como transversalmente. Mientras tanto,
se mont6 el aparato de Baerman, que consiste en
un embudo con una tuberia de latex en el cuello y
una pinza Mohr, para evitar la salida de los liquidos,
a este embudo se le colocé un pedazo de gasa y se
le anadié solucién salina fisolégica (SSF) caliente,
aproximadamente a 40°C. El intestino en SSF se
expuso a 4° C durante 5 min y luego se coloco en la
gasay asi se dej6 durante 24 h. Los gusanos adultos se
recolectaron en un tubo de ensaye a partir de la parte
final de la tuberia por la migracién debida al contraste
de ambiente. Los adultos recuperados se colocaron en
alcohol al 70% para la fijacion. El conteo se realiz6 en
una camara cuenta-nematodos y se obtuvo el nimero
de adultos por ratén.®

Determinacion de larvas de Trichinella spiralis
por gramo de tejido muscular (LPGTM)

La recuperacion de LM se hizo de acuerdo con los
métodos de Slaton Blair,"® después, de acuerdo con la
masa muscular, se calcul6 el niumero de LPGTM.

Analisis estadistico.

Los resultados fueron examinados por medio de anali-
sis de varianza (ANDEVA).*

Resultados

Los tratamientos con Lactobacillus casei viable
generaron proteccion significativa (P < 0.01) en los
ratones, que se manifesté6 como una reduccion, tanto
en el namero de gusanos adultos en el intestino
(GAI) como en el de larvas por gramo de tejido
muscular (LPGTM), provenientes de la infeccion
de confrontacion con larvas infectivas de Trichinella
spiralis, en comparacion con los testigos tratados con
solucion salina fisiologica.

En el Cuadro 1 se indica el promedio de gusanos
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Cuadro 1
PROMEDIO DE GUSANOS ADULTOS DE Trichinella spiralis RECUPERADOS AL
CUARTO DIA POSINFECCION DEL INTESTINO DE RATONES INMUNIZADOS CON
ANTIGENOS DE T. spiralis

AVERAGE Trichinella spiralis ADULT WORMS RECOVERED FOUR DAYS
AFTER CHALLENGE FROM THE INTESTINE OF MICE INMUNIZED WITH
T. spiralis ANTIGENS

Average + .
Group Treatment Standard i‘gﬂ’or* % reduction
1 SS 310.2 + 17.27° -
2 Lc 654 + 20.31° 79
3 TspMLAg-Lc 98 + 21.49° 68
4 TspMLAg-Lc-FIA 1232 + 28.94° 60
5 TspMLAg-FCA 116.8 + 12.15° 62

Le: Lactobacillus casei; SS: physiologic saline solution; TspMLAg-Lc: 7. spiralis muscle larvae antigen + L. casei;
TspMLAg-Lc-FIA: as in the previous group + Freund’s incomplete adjuvant; TspMLAg-FCA: T. spiralis muscle larvae
antigen + Freund’s complete adjuvant.

*Different literals in the same column indicate a significant difference (P < 0.01)

Cuadro 2

PROMEDIO DE LARVAS DE Trichinella spiralis POR GRAMO DE TEJIDO MUSCULAR
31 DIAS POSINFECCION EN RATONES INMUNIZADOS CON ANTIGENOS DE T. spiralis

AVERAGE Trichinella spiralis LARVAE PER GRAM OF MUSCLE TISSUE 31 DAYS
AFTER CHALLENGE FROM IN MICE INMUNIZED WITH T. spiralis ANTIGENS

Group Treatment Sta;{;c‘l}s:glgei:_(—) ¥ % reduction
1 SS 10290 +111.93° --
2 Lc 5896 + 23.28 42.7
3 TspMLAg-Lc 1312.9 + 6.86¢ 87
4 TspMLAg-Lc-FIA 7539+ 7.69° 26.7
5 TspMLAg-FCA 1371 + 7.23¢ 86.7

Le: Lactobacillus casei; SS: physiologic saline solution; TspMLAg-Lc: 7. spiralis muscle larvae antigen + L. casei;
TspMLAg-Lc-FIA: as in the previous group + Freund’s incomplete adjuvant; TspMLAg-FCA: T. spiralis muscle larvae

antigen + Freund’s complete adjuvant.

* Different literals in the same column indicate a significant difference (P < 0.01)

ages, with respect to the group 1 (control), were of
42.7, 87, 26.7, and 86.7 for the groups 2, 3, 4, and 5,
respectively.

Discussion

The results of this research corroborate the findings
on the use of L. casei in inducing non-specific resis-
tance against Trichinella spiralisinfection, both in NIH
mice,®? as in BALB/c mice."® In those studies it was
demonstrated that viable or dead L. casei, adminis-
tered by intraperitoneal or oral routes before 7. spi-
ralis infection, induces a protective response directed
against the adult worms in the intestine (AWI) and,
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adultos recuperados cuatro dias después de la
infeccion de ratones inmunizados con los tratamientos.
Los promedios de GAI obtenidos en los grupos 1, 2,
3, 4y 5 fueron 310, 65, 98, 123 y 117, respectivamente,
y los porcentajes de reduccion obtenidos, respecto
del grupo 1 (testigo), fueron 79, 68, 60 y 62 para
los grupos 2, 3, 4y 5, respectivamente. Cabe resaltar
que la administracién de L. casei redujo en 79% la
cantidad de gusanos recuperados (Cuadro 1).

En el Cuadro 2 se muestra el promedio de larvas
recuperadas por gramo de tejido muscular (LPGTM)
31 dias después de la infeccién. Los promedios de
LPGTM obtenidos en los grupos 1, 2, 3, 4 y 5 fueron
10 290, 5 896, 1 313, 7 539 y 1 371, respectivamente;



in a lesser extent, against muscle larvae (larvae per
gram of muscle tissue, LPGTM). In the present study,
L. casei by itself induced maximal reduction of AWI
(79%); however, this was not different from that gen-
erated by the combinations of larvae antigen (TspM-
LAg) + L. casei (68%), TspMLAg + L. casei + FIA
(60%) or TspMLAg + FCA (62%). This result corrob-
orates the fact that L. casei induces a potent nonspe-
cific immune response in the intestine, which affects
the implantation of 7. spiralis adult worms. This obser-
vation also indicates that in order to generate a better
immune response against AWI, is necessary a study in
which antigens from adult 7. spiralis worms be admin-
istered in an adjuvant (for example, L. casei).

With respect to the muscle larvae, the reduction
percentages in the treatments TspMLAg + L. case:
and TspMLAg + FCA were of 87 and 86.7, respec-
tively, and these were better than the reduction per-
centage obtained by Darwish et al. in mice® against
muscle larvae (80%) when they used larvae antigens
to immunize, and similar to the reduction percent-
age of muscle larvae (86%) observed by these authors
when they immunized mice with a combination of
antigens from larvae and from adults. When immu-
nization is carried out with different parasite’s stages
effective protective responses are generated against
the particular stage used to immunize; however, a
weaker protection against the other stages is induced,
as is shown by the results of Darwish et al.,*' probably
due to the presence of shared antigens among
stages.***

The results of the present study support the pre-
vious observations; on the basis that although the
protective response generated by the immunization
with larvae antigens was better against muscle larvae,
a protection against adult worms was also observed;
this indicates that viable L. casei functions as adju-
vant, similar to the FCA. In this context, in a study
where the adjuvants “TiterMax”, alum, ISCOMs and
FCA were evaluated to immunize NIH mice against
T. spiralis antigens, the best result was obtained with
FCA;* however, this adjuvant has important disad-
vantages.26 In this order, when the efficiency of two
adjuvants (FCA and aluminum hydroxide), adminis-
tered with antigens from 7. spiralislarvae by intraperi-
toneal route in swine, was tested, it was showed that the
FCA had better efficiency (57% muscle larvae reduc-
tion), than the aluminum hydroxide (37% reduc-
tion). Nonetheless, it was concluded that the FCA
causes undesirable secondary effects when is used in
swine;*® for this reason L. casei might be (previous
validation studies in swine) a satisfactory adjuvant for
using in this species. If it is true that the intraperito-
neal inoculation of antigen in adjuvant represents a
difficulty, this could be avoid by delivering the anti-

mientras que los porcentajes de reduccion, respecto
del grupo 1 (testigo), fueron de 42.7, 87, 26.7 y 86.7
para los grupos 2, 3, 4y 5, respectivamente.

Discusion

Los resultados de esta investigacion confirman los
hallazgos sobre el uso de L. casei en la induccién
de resistencia inespecifica contra la infeccién por
Trichinella spiralis, tanto en ratones NIH® como
en ratones BALB/c.”® En esos estudios se demostré
que L. casei viable o muerto, administrado por via
intraperitoneal u oral antes de la infecciébn con
T. spiralis, genera una respuesta protectora dirigida
contra los gusanos adultos en el intestino (GAI) y
en menor proporciéon contra las larvas musculares
(larvas por gramo de tejido muscular, LPGTM). En
este estudio, L. casei por si solo indujo la maxima
reduccién de GAI (79%); sin embargo, ésta no fue
distinta de la producida por las combinaciones de
antigeno de larvas (TspMLAg) mas L. casei (68%),
TspMLAg mas L. casei mas FIA (60%) o TspMLAg
mas FCA (62%). Este resultado corrobora que L. casei
induce una respuesta inmune inespecifica y potente
en el intestino, la cual afecta la implantacion de
los gusanos adultos de 7. spiralis. Esta observaciéon
indica que para generar una mejor respuesta inmune
contra GAI, es necesario un estudio en el que se
administraran antigenos de adultos de 1. spiralis en
un adyuvante (por ejemplo, L. casei).

En cuanto a las larvas musculares, los porcentajes
de reduccién en los tratamientos con TspMLAg
mds L. casei y TspMLAg mds FCA fueron de 87
y 86.7, respectivamente, y resultaron superiores al
porcentaje de reduccién contra larvas musculares
(80) obtenido por Darwish et al. en ratones* cuando
usaron antigenos de larvas para inmunizar y similares
a la reduccion de larvas musculares (86%) observada
por dichos autores cuando inmunizaron con una
combinacién de antigenos de adultos y de larvas.
Cuando se inmuniza con diferentes estadios del
pardsito se generan respuestas protectoras mas
efectivas contra el estadio particular que se utiliz6 para
inmunizar, pero también se induce una protecciéon
menor contra los otros estadios de desarrollo, como
lo demuestran los resultados de Darwish et al.,*
probablemente debido a la presencia de antigenos
compartidos entre dichos estadios.*>**

Los resultados del presente estudio apoyan las
observaciones anteriores, pues, aunque la respuesta
protectora generada por la inmunizacion con
antigenos de larvas fue mayor contra larvas musculares,
también se observo proteccion contra gusanos adultos,
ello indica que L. case: viable se comporté como
buen adyuvante, similar al FCA. En este contexto,
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gen in adjuvant through the nasal mucosa, as it has been
demonstrated in mice, using B Cholera toxin as adju-
vant, with Ascaris suum® and Trichinella spiralis® anti-
gens; procedure which generated protective responses
against infection with these parasites. In the same way, it
has been demonstrated that the intranasal inoculation
of L. casei in mice induces protective responses against
the influenza virus.” Taking into account the previous
information and the results of the present study, it would
be feasible to test an immunization protocol against 7.
spiralis, by inoculating this parasite antigens together
with L. casei by intranasal route. It would be of particu-
lar interest to evaluate this route of inoculation in swine,
using L. casei as adjuvant with antigens from 7. spiralis
newborn larvae, on the basis that the swine’s immune
response against 7. spiralis is mainly directed against
newborn larvae.”

The low reduction percentage of LPGTM (26.7),
observed in the group treated with TspMLAg + L. case:
+ FIA, although was significant with respect to the con-
trol group (P < 0.01), it also was lower (P < 0.01) than
the reduction percentages obtained in the groups 2, 3,
and 5; result which probably could be related to the fact
that the L. casei used in the FIA was not in the optimum
proportion, the combination of viable L. casei and min-
eral oil was not adequate, or that dead bacteria must be
utilized when a mineral oil is used (AIF).

On the other hand, it is known that lipids, proteins
and amino acids from pathogenic microorganisms such
as parasites, virus and bacteria, contain conserved
regions named pathogen-associated molecular patterns
(PAMPs), which are recognized by receptors present
on cells of the immune system, and are known as Toll-
like receptors. These receptors, when recognize PAMPs,
unleash signaling chains, which final product is the
increase of immune gene transcriptions, such as cyto-
kines, which activate the innate and adaptive immune
responses.” The lactic-acid bacteria Lactobacillus casei is
a potent stimulator of the immune response that pro-
tects the host against different infections,”'** which in
part is due to the stimulation of Toll-like receptors 2
(TLR2) on macrophages by the lactobacilli lipoteichoic
acids.” Likewise, it is worth to note that last generation
adjuvants such as MPL and Ribi.529, activate the innate
immune response by stimulating Toll-4-like receptors
(TLR4).™

On the other hand, there are not published studies
on the use of L. casei as adjuvant with 7. spiralis antigens
in animal immunization trials so the present study rep-
resents the first of its kind and implicates that more
research is needed to deepen and improve the use of
the lactobacilli as adjuvant. Likewise, L. casei offers the
required potential to be used as adjuvant with different
parasites antigens for the control of parasitic diseases,
taking into account the needs for developing new and
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en un estudio en el que evaluaron los adyuvantes
“TiterMax”, alumbre, ISCOMs vy FCA, para
inmunizar ratones NIH con antigenos de 7. spiralis,
se obtuvo el mejor resultado total con el FCA;®
sin embargo, dicho adyuvante presenta serias
desventajas.” En este sentido, al evaluar la eficiencia
de dos tipos de adyuvantes (FCA e hidréxido de
aluminio), administrados con antigenos de larvas de
T. spiralis via intraperitoneal en cerdos, se observo
que el FCA tuvo mayor eficiencia (57% de reduccion
de larvas musculares), que el hidréxido de aluminio
(37% de reduccién). No obstante, se concluyé que el
FCA causa efectos secundarios daninos al utilizarlo
en cerdos,” por lo que se debe buscar otro tipo de
adyuvante que no tenga esos efectos secundarios;
por tal razon, L. casei, previos estudios de validacion
en cerdos, podria ser un adyuvante adecuado. Si
bien es cierto que la administracion intraperitoneal
de antigeno en adyuvante, representa cierto grado
de dificultad, ésta podria ser evitarse administrando
el antigenoy el adyuvante a través de la mucosa nasal,
como se ha demostrado en ratones, usando la toxina
B de célera como adyuvante, con antigenos de Ascaris
suum®” 'y Trichinella spiralis,®® procedimiento que
gener6 respuestas protectoras contra la infeccion
con estos parasitos. Asimismo, se ha demostrado que
la aplicacion intranasal de L. casei en ratones induce
respuestas protectoras contra la infeccion con el
virus de influenza.* Considerando la informacion
anterior y los resultados del presente estudio, seria
factible ensayar un protocolo de inmunizacion
contra 1. spiralis, inoculando antigenos del pardsito
junto con L. casei por via intranasal. Seria de
particular interés evaluar esta via de administracion
en cerdos, usando L. casei como adyuvante con
antigenos de larvas recién nacidas de T. spiralis, y
tomando en consideraciéon que la respuesta inmune
del cerdo contra 7. spiralis estd dirigida contra larvas
recién nacidas.”

El bajo porcentaje de reduccion de LPGTM
(26.7), observado en el grupo tratado con TspMLAg
mas L. casei mas FIA, aunque fue significativo con
respecto al grupo testigo (P < 0.01), también fue
significativamente menor (P <0.01) alos porcentajes
de reduccién obtenidos en los grupos 2, 3 y 5,
resultado que podria deberse a que la cantidad de
L. casei utilizada en el FIA no fue la 6ptima, a que la
combinacién de L. caseiviable y aceite mineral no es
adecuada, o a que cuando se usa un aceite mineral
(AIF) se deben utilizar bacterias muertas.

Por otro lado, se sabe que lipidos, proteinas
y aminodcidos de microorganismos patoégenos
como parasitos, virus y bacterias, contienen ciertas
regiones conservadas denominadas patrones
moleculares asociados a patégenos (PAMP), que



better immunologic adjuvants for their use in vaccines
of veterinary interest.™

On the basis of the previous information and on
the particular conditions in which the present study
was carried out, it is concluded that: 1) significant
Trichinella spiralis percentage reductions were obtained
after a challenge infection in BALB/c mice immu-
nized with 7. spiralis muscle larvae and L. casei as
adjuvant; 2) although reductions in worm load, adults
and larvae, were observed in immunized animals the
most noticeable protective effect was directed against
larvae than against adult worms; 3) the protection
induced by the immunization of BALB/c mice with
T. spiralis larvae antigens and viable L. casei against
a challenge infection with 7. spiralis infective larvae
was similar to that obtained by the immunization with
T. spiralis larvae antigens and Freund’s complete adju-
vant (reference adjuvant).
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