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Abstract

The effect of an anticoccidial vaccine on broiler chickens challenged at 21 day of age with 6.0 x 10* E. acervulina; 5.0 x 10° E.
maxima; and 4.0 x 10* E. tenella sporulated oocysts/bird, was evaluated. Four groups of 20 chicks each, one day old, were ran-
domly assigned to: 1) unvaccinated, unchallenged control (UUC); 2) unvaccinated, challenged control (UCC); 3) vaccinated, chal-
lenged (VC); and 4) vaccinated, unchallenged (VU). All birds were weekly weighed. At 7 days post-challenged (PC), weight gain
% (WG), intestinal pH (IpH), gut weight (GW), intestinal IgA concentration (IgAC), gut lesion score (GLS), oocyst output (OO) and
percentage of specific coccidia species (SCS) in feces were recorded. At 14 and 26 days, gastrointestinal passage time (GPT) was
measured. At 21 days of age, body weight from groups VC (544.8 + 105) and VU (504.9 + 88) were lower (P < 0.05) than group UUC
(615.6 £ 100). At 28 days, group UUC was the heaviest (923.3 £+ 126), and with the highest WG (49.97%). Group UCC had the lowest
WG (24.60%), and at 26 days, it had the lowest GSF (212.4 + 31), different (P < 0.05) from group VU with 43.81% of WG and 158.4
+ 52 for GSF. Both, IpH and GW did not differ among groups. The lowest IgAC was seen in ceca from group UUC. Group UCC had
the highest GLS, whereas groups UUC and VU had the lowest GLS. Group VC showed higher GLS for E. maxima and E. tenella than
groups UUC and VU. At 28 days, group UCC elicit higher OO; however, group VC showed higher OO than groups UUC and VU. At
7th day PC, the E. acervulina SAC for group VC was lower than groups UCC and VU, even though E. maxima and E. tenella SAC’s for
this group (VC) had increased. Molecular characterization for field strains and their comparison with commercial vaccines must
be held forward to understanding antigenic differences.

Key words:IgA, AVIAN COCCIDIOSIS, FIELD ISOLATES, COCCIDIAL SPECIFIC SPECIES, GASTROINTESTINAL
PASSAGE TIME.

Resumen

Se evalug el efecto de una vacuna anticoccidial en pollos de engorda desafiados al dia 21 de edad con 6.0 x 10*E. acervulina; 5.0
x 10° E. maxima y 4.0 x 10* E. tenella ooquistes esporulados/ave. De manera aleatoria se asignaron 20 aves de un dia de edad a
cada uno de cuatro grupos: 1) testigo no vacunado, no desafiado (NVND); 2) testigo no vacunado, desafiado (NVD); 3) vacunado
desafiado (VD);y 4) vacunado no desafiado (VND). Las aves se pesaron semanalmente. A los siete dias posdesafio (PD) se observo
la ganancia porcentual de peso (GPP), el pH intestinal, el peso total del intestino (PTl), la concentracién intestinal de IgA (CligA),
el grado de severidad de las lesiones (GSL), la eliminacion de ooquistes (EOH) y el porcentaje de la especie especifica de coccidia
(PEEC) en heces. A los dias 14 y 26 se midi6 la velocidad de transito gastrico (VTG). Al dia 21, el peso del grupo VD (544.8 + 105)
y VND (504.9 + 88) fueron menores (P < 0.05) al grupo NVND (615.6 + 100). Al dia 28, el grupo NVND fue el més pesado (923.3 +
126) y con mayor GPP (49.97%). El grupo NVD obtuvo la menor GPP (24.60%) y al dia 26 la menor VTG (212.4 + 31), diferente (P <
0.05) al grupo VND con 43.81% de GPPy 158.4 £52 de VTG. Los grupos no fueron diferentes en pHy PTI. El grupo NVND present6
lamenor CligA en sacos ciegos. El grupo NVD mostré el mayor GSL, el NVND y el VND, el menor; el grupo VD presenté mayor GSL
de E. maximay E. tenella que los grupos NVND y VND. Al dia 28, el grupo NVD mostré la mayor EOH, el VD tuvo mayor EOH que
los grupos NVND y VND. A los siete dias PD, el PEEC para E. acervulina del grupo VD fue menor al grupo NVND y VND, aun cuando
el PEEC para E. maxima y E. tenella se increment6. Con la finalidad de entender las diferencias antigénicas, debe efectuarse la
caracterizacion molecular de las cepas de campo y compararse con las vacunas comerciales.

Palabras clave: IgA, COCCIDIOSIS AVIAR, AISLAMIENTOS DE CAMPO, ESPECIE ESPECIFICA DE COCCIDIA,
VELOCIDAD DE TRANSITO GASTRICO.
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Introduction

hemical and biological-fermentation com-
pounds have been used during the last 50
years for avian coccidiosis control.>* However,
the appearance of field strains resistant to these com-
pounds have resulted on the formulation of new con-
trol strategies, such as vaccination,® which provides
solid immunity against pathogenic coccidial infec-
tion.®® Even though vaccination yields good results in
replacement chicks and breeding birds, an exacerba-
ted replication of this protozoa in the broiler chicken
intestine can affect immunity and performance of the
flock.**!° The main reasons to limit vaccine use is
that alimentary efficiency and pigmentation are not
the same to those seen in previously medicated chic-
kens.»2*! Even though most of the protection achie-
ved against Eimeria spp is related to how the vaccine
is given,* the low immune response against E. tenella
and the huge antigenic variability of the E. maxima
field strains show that vaccination with live oocysts
is not always effective at protecting against strains
from different geographic places.’**® Furthermore, it
is important to establish a standard, reliable method
to evaluate the real protection given by a multivalent
coccidia vaccine.?®?®
Most of the criteria used to prove anticoccidial
drugs in birds,*? are not appropriate to efficiently
evaluate the protection obtained by live-coccidia
vaccines.>?° Considering criteria, such as quantity of
excreted oocysts or lesion scores, has led to elaborate
mistaken judgments.®*?° Bedrnik et al.** suggested
that evaluating lesion seriousness, fecal oocyst output
and data interpretation on flock performance are
the main guidelines to evaluate the efficacy of live-
oocyst vaccines, which is confusing in most of the
cases. Williams and Catchpole?® propose coccidial
vaccine evaluation in individual challenge protocols
per Eimeria species, by comparing growth rates and
alimentary efficiency. However, it is important to con-
sider that most of the field challenges are caused by
more than one Eimeria species.»?*% Because of this, it
is important to analyze the effect of a non-attenuated
oocyst vaccine from aboard against avian coccidiosis,
on physiological and immunological parameters in
broiler chickens when a mixed challenge with Mexi-
can field strains is applied. By doing this, better evalu-
ation criteriawould be made for protection assessment
for anticoccidial vaccine interpretation.

Material and methods
Experimental animals

The one-day-old broiler chickens (Ross 308 x Ross
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Introduccién

urante los ultimos 50 afios se han empleado
D compuestos quimicos y de fermentacién bio-

I6gica para el control de la coccidiosis aviar.2
Sin embargo, el surgimiento de cepas de campo resis-
tentes a éstos ha dado como resultado la formulacién
de nuevas estrategias para su control, una de ellas es
la vacunacién,*® que proporciona inmunidad sélida
contra la infeccion por coccidias patdgenas.®® Sin
embargo, a pesar de proporcionar buenos resulta-
dos en pollonas de reemplazo y aves reproductoras,
una replicacion exacerbada de este protozoario en el
intestino del pollo de engorda puede afectar la inmu-
nidad y el rendimiento de la parvada.®**** Los prin-
cipales motivos para limitar el uso de vacunas es que
la eficiencia alimentaria y la pigmentacién no siem-
pre son iguales a las observadas en pollos medicados
preventivamente.»2*! Aunque gran porcentaje de la
proteccion obtenida contra Eimeria spp se encuentra
relacionada con la manera de administrar la vacuna,*
la baja respuesta inmune contra E. tenella y la gran
variabilidad antigénica de las cepas de campo de
E. maxima muestran que la vacunacion con ooquis-
tes vivos no siempre es efectiva para proteger contra
cepas de diferentes sitios geograficos.”**® Ademas, es
importante establecer un método estandar confiable
para comprobar la proteccion real que confiere una
vacuna de coccidia multivalente.?*?

Muchos de los criterios empleados para probar la
eficacia de los farmacos anticoccidiales en aves*? no
son apropiados para evaluar eficientemente la protec-
cion obtenida con las vacunas de coccidia vivas.>?° El
hecho de considerar como criterios de proteccion la
cantidad de ooquistes eliminados, o la severidad de
lesiones, ha conducido a elaborar juicios erréneos.**%
Bedrnik et al.** plantearon que la calificacion de la
severidad de lesiones, la eliminacion de ooquistes en
heces y la interpretacion de los datos de rendimiento
de la parvada son las principales directrices para eva-
luar la eficacia de las vacunas vivas de coccidia, esto
altimo, en la mayor parte de los casos, tiende a ser
confuso. Por su parte, Williams y Catchpole® pro-
ponen la evaluacién de las vacunas de coccidia en
protocolos de desafios individuales por especie de
Eimeria, a través de la comparacion de la tasa de cre-
cimiento y la eficiencia alimentaria. Sin embargo, se
tiene que considerar que la mayor parte de desafios
en campo son ocasionados por mas de una especie
de Eimeria,»**? por lo cual es importante analizar el
efecto que tiene una vacuna de ooquistes no atenua-
dos de origen extranjero contra la coccidiosis aviar
sobre algunos parametros fisiolégicos e inmunologi-
cos de pollos de engorda, cuando se efectia un desa-
fio mixto con cepas de campo aisladas en México, lo



308) that were used, were obtained from a commercial
incubator. Chickens were raised in 100 x 120 cm floor-
pens with disinfected wood-shaving litter, with solid
120 cm high separations. Each pen was assisted by
one person. A standard isoproteic and isocaloric diet
for broiler chicken, based on sorghum and soybean,
was given according to the requirements established
by the NRC in 1994, without anticoccidials or growth-
promoter antibiotics. Food and water were given ad
libitum.

Vaccine

A commercial vaccine with non-attenuated sporulated
oocyst from E. acervulina, E. maxima and E. tenella* was
used, given to a thousand broiler chickens on day one
of age by fine-drop spraying (0.03 pL) inside a cabin,**
according to manufacturer recommendations.

Parasitic inoculum

A mixed compounded parasitic inoculum of non-
attenuated oocysts of E. acervulina, E. maxima and E.
tenella from farm isolations in Puebla and Morelos,
Mexico, was used according to Chapman? methodol-
ogy. The inoculum was typified at the Animal Produc-
tion Department: Birds, and tittered in three-week-old,
susceptible birds (Ross 308 x Ross 308) according to
Danforth* and Williams™ in order to produce a 30%
loss in weight gain (WG), without mortality, a week
post-challenge (PC). Oocysts were sporulated at room
temperature in 2.5% potassium dichromate, sepa-
rately disinfected with 5% chloride and washed three
times with distilled water before being mixed.

Challenge

A mixed dose of sporulated oocysts were given per
os per bird (6.0 x 10* of E. acervulina; 5.0 x 10° of E.
maxima and 4.0 x 10* of E. tenella) on day 21 of age.

Experimental design

Four experimental groups were made with 20, one-
day-old, broiler chickens each (Ross 308 x Ross 308).
Ten females and ten males were randomly assigned to
each group. Groups were divided as follows: 1) unvacci-
nated, unchallenged control (UUC); 2) unvaccinated,
challenged control (UCC); 3) vaccinated challenged
(VC); and 4) vaccinated unchallenged (VU). The
UCC and VC groups were challenged at 21 days of age,
while the UUC and VU groups only received buffered
solution (PBS).

gue contribuird a generar, ademas, un mejor criterio
de evaluacion de la proteccion para la interpretacion
de la vacunacién anticoccidial.

Material y métodos
Animales de experimentacion

Se utilizaron pollitos de engorda (Ross 308 x Ross
308) de un dia de edad, obtenidos de una incubadora
comercial. Las aves se criaron en corrales de piso de
100 x 120 cm con cama de viruta de madera desin-
fectada, con separaciones solidas de 120 cm de alto;
cada corral fue atendido por una persona. Se les pro-
porciond una dieta isoproteinica e isocalorica estan-
dar para pollo de engorda, con base en sorgo y soya,
de acuerdo con los requerimientos establecidos en el
NRC de 1994, sin anticoccidiano y sin antibiético pro-
motor del crecimiento. El alimento y el agua se sumi-
nistraron ad libitum.

Vacuna

Se utilizd6 vacuna comercial con ooquistes esporu-
lados no atenuados de E. acervulina, E. maxima y E.
tenella* dosificada para mil pollos de engorda, admi-
nistrada al dia de edad por aspersién con gota fina
(0.03 mL) en una cabina,** segun las recomendacio-
nes del fabricante.

In6culo parasitario

Se utilizé un indculo parasitario mixto compuesto de
ooquistes no atenuados de E. acervulina, E. maximay E.
tenella, a partir de aislamientos efectuados en granjas
de Puebla y Morelos (México), segun la metodologia
propuesta por Chapman.? El inéculo fue tipificado en
el Departamento de Produccion Animal: Aves, y de
acuerdo con Danforth* y Williams se titulé en aves
(Ross 308 x Ross 308) susceptibles de tres semanas de
edad, con la finalidad de producir una semana des-
pués del desafio, una baja de 30% en la ganancia de
peso, sin ocasionar mortalidad. Los ooquistes fueron
esporulados a temperatura ambiente en dicromato de
potasio a 2.5%. Antes de mezclarlos se desinfectaron
por separado con cloro a 5% y se lavaron con agua
destilada estéril en tres ocasiones.

Desafio

Al dia 21 de edad se administro per 0os una dosis mixta

*Coccivac B®. Shering-Plough Animal Health Corp., Nueva
Jersey, Estados Unidos.

**Spraycox® II. Shering-Plough Animal Health Corp.,
Nueva Jersey, Estados Unidos.
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Avian weight

Birds in four groups were individually weighed on
days 7, 14, 21 and 28 of age, using a grain scale with
gram ranks.*

Weight gain percentage

WG of each group was calculated as the percentage
difference of the weight on day 28 and the weight of
the same bird recorded seven days before; the last one
was considered as 100%.

Assessment of intestinal content pH

Euthanasia by cervical dislocation was done to all sur-
vivor birds on day 28 of age.” Intestinal content pH
was measured in five birds per group by inserting a
crystal electrode** inside the cecum. Lectures were
intertwined among groups and at least one minute
was required per sample. Electrode was washed with
distilled water and recalibrated with buffered solution
between lectures.

Total intestine weight

Two cuts were done, one at the pylorus level and the
other at the coprodeum level. Sections were weighed
including the content in order to obtain total intes-
tine weight from the 20 birds euthanized per group.
Total weight was assessed using an electronic scale
with gram ranks.***

Immunoglobulin A concentration
(ng/ml) in the intestinal lumen

Five centimeter sections of duodenum (ascendant
portion of the duodenal flexure), jejunum (2 cm after
Meckel’s diverticulum), ileum (2 cm before cecal
tonsils) and cecum (central portion) were obtained
and deposited in 5 mL of buffered solution (0.16 g
KH2POg4, 0.54 g NazHPO4, 8.5 g NaCl, 1 L distilled
water). In order to obtain intestinal mucosa, samples
were washed and extruded three times in the same
solution and centrifuged for 30 minutes (1 000 g).
Supernatant was retrieved, diluted 1:10 and frozen
at —20° C until use. Sensitized plates* with goat anti-
chicken IgA antibodies (Affinity)** diluted 1:100
in carbonate buffer pH 9.6 (1.59 g Na2COs, 2.93 g
NaHCOs, 1 L distilled water) were used depositing
100 pL per microwell and incubating at 4°C for 12 h.
After this, plates were washed twice with 0.02% Tween
20-0.002M imidazole saline solution, blocked with
200 pL of 1% bovine serum albumin (BSA) diluted in
buffered solution pH 7.4 (8.0 g NaCl, 0.2 g KH2PO4,
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de ooquistes esporulados por ave (6.0 x 10* de E. acer-
vulina; 5.0 x 10° de E. maxima y 4.0 x 10* de E. tenella).

Disefio experimental

Se formaron cuatro grupos experimentales de 20
pollos de engorda de un dia de edad (Ross 308 x Ross
308) por grupo, a cada grupo se le asignaron al azar
diez hembrasy diez machos.” Los grupos se dividieron
asi: 1) testigo no vacunado, no desafiado (NVND); 2)
testigo no vacunado, desafiado (NVD); 3) vacunado
desafiado (VD); 4) vacunado no desafiado (VND).
Los grupos NVD y VD fueron desafiados al dia 21 de
edad, los grupos NVND y VND Unicamente recibie-
ron solucion tamponada (PBS).

Peso de las aves

Las aves de los cuatro grupos se pesaron individual-
mente a los dias 7, 14, 21 y 28 de edad, con una bas-
cula granataria con rangos de un gramo.*

Ganancia porcentual de peso

La ganancia de peso de cada grupo fue la diferencia
porcentual calculada del peso obtenido al dia 28, con
respecto al peso de la misma ave registrado siete dias
antes, considerando éste como el 100%.

Medicion del pH de contenido intestinal

A todas las aves sobrevivientes al dia 28 de edad se les
practicé eutanasia mediante dislocacién cervical.® La
lectura del pH del contenido intestinal se efecttio en
cinco aves por grupo, insertando un electrodo de cris-
tal** dentro del saco ciego. Las lecturas se efectuaron
alternadamente entre grupos y se requirié al menos
de un minuto por muestra. El electrodo se lavd con
agua destilada y se recalibré con solucion amortigua-
dora neutra entre lecturas.

Peso total del intestino

Para obtener el peso total del intestino a partir de
20 aves sacrificadas por grupo, se secciono a nivel de
piloro y del coprodeo, se pesé con todo y contenido;
el peso total se determind con una bascula electrénica
con rangos de un gramo.***

*Sartorius®. Balanza analitica, modelo BP 110 S Sartorius
AG, Goettingen, 37079, Alemania.

**Orion Research ionalizer/501, Orion Research Incorpora-
ted, Boston, MA, Estados Unidos de América.

***Ohaus®. Bascula modelo IP12KS, Ohaus Corporation,
Florham Park, 07058, Estados Unidos de América.



2.16 g NazHPO4, 7H20, 0.2 g KCI, 0.5 mL Tween 20,
1 L distilled water), and incubated for 30 minutes at
room temperature. One hundred microliters of the
samples and serum reference*** standards (2 000 ng/
mL of IgA diluted 1:2 to 1:128-serial dilutions—in 1%
BSA) were deposited and incubated for 60 minutes at
room temperature. Plates were washed and 100 pL of
the conjugate (goat anti-chicken IgA antibodies con-
jugated with peroxidase enzyme)t were added and
incubated for 60 minutes at room temperature. After
this, another washing was done and 100 pL of ABTS
substratet were transferred per well and incubated for
30 minutes. Finally, 100 pL of the stopping solution
(1% sodium dodecyl sulfate, SDS) were added. Plates
were read using an ELISA plate reader.° A regression
analysis® of the optical densities (OD) of the samples
and calibration curve, made form the diluted stand-
ards, was done to assess IgA concentrations as ng/mL,
considering OD and their correspondent concentra-
tions.

Gastrointestinal passage time

Analysis consisted of the difference of minutes*
between the initial time of the oral administration
of the marker agent (ferric oxide gelatin capsule, 200
mg/kg of body weight) and time of appearance in
feces. Two lectures were done on days 14 (before chal-
lenge) and 26 of age (after challenge). For this, five
birds per group were placed in clean cages. Birds were
completely food restricted on hour before starting lec-
ture, after which birds were returned to their respec-
tive pen. Results are expressed as mean in minutes +
standard deviation.

Lesion score and oocyst quantification

Intestinal lesions due to Eimeria spp were evaluated in
20 birds on day 28 of age, according to Johnson and
Reid.?” Feces from each yard were collected weekly.
Oocysts were quantified as Long et al.?® description
and counts were validated in agreement to Juarez et
al.”®

Percentage of specific Eimeria species in feces
Oocyst isolation from feces of each group was done on
day 28 of age. Relative percentage of each species was
assessed counting and sizing 200 oocysts with the 40X
objective through a graduated millimeter scale,** as
proposed by Joyner and Long.*

Statistical analysis

A completely-randomized lineal model was used;

Concentraciéon de inmunoglobulina
A (ng/ml) en la luz del tubo gastrico

Se obtuvieron fracciones de 5 cm de duodeno (por-
cién ascendente del asa duodenal), yeyuno (dos cen-
timetros posteriores al diverticulo de Meckel), ileon
(dos centimetros anteriores a las tonsilas cecales) y
sacos ciegos (porcion central), se depositaron en 5
mL de solucién amortiguadora (0.16 g KH2PO4, 0.54
g NazHPOs4, 8.5 g NaCl, 1 L agua destilada); para
obtener la mucosa intestinal se lavaron y extruyeron
tres veces en la misma solucion, se centrifugd por
30 minutos (1 000 g), se obtuvo el sobrenadante y se
diluy6 1:10, finalmente se congel6 a —20°C hasta su
uso. Para detectar la IgA, se utilizaron placas* sensi-
bilizadas con anticuerpos de cabra anti IgA de pollo
(Afinidad)** diluidos 17100 en un amortiguador car-
bonatado pH 9.6 (1.59 g Na2COs, 2.93 g NaHCOs, 1
L de agua destilada) con 100 pL por micropozo, se
incubaron a 4°C por 12 horas. Se lavo dos veces con
solucién salina-imidazol 0.002M-tween 20 0.02%, se
bloqued con 200 L de albimina sérica bovina (BSA)
al 1%, diluida en solucién amortiguadora pH 7.4 (8.0
g NaCl, 0.2 g KH2POg4, 2.16 g Na2HPO4, 7H20, 0.2 g
KCI, 0.5 mL tween 20 en 1 L de agua destilada); se
incubd por 30 minutos a temperatura ambiente. Se
colocaron 100 pL de las muestras y los estandares de
un suero de referencia*** con 2 000 ngZ/mL de IgA,
diluido de 1:2 a 1:128 (diluciones doble seriadas) en
1% de BSA; se incubaron 60 minutos a temperatura
ambiente. Se realiz6 un lavado y se afiadieron 100 pL
de conjugado (anticuerpos de cabra anti-lgA de pollo
conjugados con enzima peroxidasa)t y se incub6
durante 60 minutos a temperatura ambiente; después
de otro lavado se agregaron 100 pL de sustrato ABTSt
y se incubd por 30 minutos. Finalmente, se colocaron
100 pL de la solucion inhibidora (duodecil sulfato de
sodio al 1%; SDS). Las placas se leyeron en un lector
de placas ELISAL Para determinar la concentracién
de IgA en ng/mL, se empled un analisis de regre-
sién,*® de la densidad 6ptica (DO) de las muestras en

*NUNC®, F96 Microwell TM Plate, Catalogo 269787, Nalge
Nunc International, Rochester, NY, 14625-2385, Estados
Unidos de América.

**Anticuerpos de cabra anti-IgA de pollo, purificados por
afinidad, catalogo E30-103, Bethyl Laboratories Inc., Mont-
gomery, TX, 77356, Estados Unidos de América.

***Suero de referencia IgA de pollo, catalogo RS10-102,
Bethyl Laboratories INC., Montgomery, TX, 77356, Estados
Unidos de América.

tCat. E30 103, Bethyl Laboratorios INC, Estados Unidos
de América.

$[(2, 2’-azino—di-[3-etil-benzotiazolina sulfonato (6)], Syn-
biotics Corporation, San Diego, CA, Estados Unidos de
América.

°Dynatech® 650, con filtro de 405 nm. ELISA Plate Reader
MR 650, catalogo 011-973-0500, Dynatech Laboratories
Inc., Alexandria, VA, 22314, Estados Unidos de América.
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treatment effects were evaluated by an analysis of vari-
ance. Differences among group means were verified
by Tukey test at a 5 % significance level.*

Results

The vaccinated groups had lower weights than the
unvaccinated ones on the third week of age; although
the VC group showed a higher WG than the UCC
group after seven days. This WG was lower than that of
the UUC and VU groups. The UUC group was differ-
ent to the rest of the groups (P < 0.05) at day 28 of age
presenting a higher WG, followed by the VU and VC
groups. WG for the UCC group was lower (25.37%)
than that of the UUC group (Table 1).

Even though the VU group showed tendency to a
lower intestine weight, this parameter had no signifi-
cant difference in the vaccine evaluation criteria. The
intestine weight of the rest of the groups was similar.
Intestinal pH was not different among groups (Table
2). The UUC group presented the lowest IgA concen-
tration in the ceca (Table 3).

Vaccine showed tendency to speed up food pas-
sage throughout the digestive tract seven days before
challenge. However, it differed regarding unvac-
cinated challenged birds after 11 days. The UCC
group presented the lowest gastrointestinal passage
speed (P < 0.05) on day 26 and the VU group had
the highest speed. The UUC and VC groups were sta-
tistically equal, but they were not different from the
UCC and VU groups (Table 4). The VC group showed
lower lesion score due to E. acervulina and E. maxima
(P < 0.05) than the UCC group. However, lesions
were more serious than those seen in the VU group.
Regarding E. tenella, the VC group had higher lesion
scores (Table 5). The UCC group released the high-
est oocysts amount seven days after challenge (AC).
On this day, the VC group excreted a higher quan-
tity of oocysts than the UUC and VU group (Table 6).
E. acervulina oocyst percentage in the VC group was
lower than in the UUC, UCC and VU groups at 28
days of age, while E. maxima and E. tenella percentages
increased regarding the rest of the groups (Table 7).

Discussion

Weight difference between the UCC and VC groups
is similar to the one observed by Williams and Catch-
pole,® who made individual challenge of seven Eime-
ria species. However, they found that the WG of the
VC group was never different from that of the UUC
group, even when the most pathogenic species was
used (E. necatrix), in disagreement to this study. Cer-
tain amount of protection in the VC group was seen
in this study, but it did not reach 100%. Difference
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una curva de calibracion construida con los estanda-
res diluidos, que tomd en consideracion las DO y sus
concentraciones correspondientes.

Tiempo de transito gastrointestinal

Consistio en la diferencia en minutos* entre el tiempo
inicial de la administracion per os de un agente marca-
dor (capsula de gelatina de 6xido férrico, 200 mg/kg
de peso vivo) y su posterior aparicién en heces. Se
efectuaron dos lecturas, al dia 14 (antes del desafio)
y al dia 26 de edad (después del desafio), para lo cual
se colocaron cinco aves por grupo en una jaula limpia.
Las aves fueron privadas de alimento una hora antes
de iniciar la lectura, después de obtener la lectura las
aves se regresaron a su respectivo corral. Los resul-
tados se expresan en media de minutos + desviacion
estandar.

Calificacion de lesiones y
cuantificacion de ooquistes

Al dia 28 de edad, las lesiones por Eimeria spp en el
intestino fueron calificadas a partir de 20 aves de
acuerdo con la escala de Johnson y Reid.? Las heces
de cada corral se recolectaron semanalmente. Los
ooquistes se cuantificaron de acuerdo con lo descrito
por Long et al.?® y los conteos se validaron de acuerdo
con lo propuesto por Juarez et al.*

Porcentaje de especies especificas
de Eimeria en heces

Al dia 28 de edad, se efectud el reaislamiento de
ooquistes a partir de las heces de cada grupo, el por-
centaje relativo de cada especie se determind al obser-
var y medir 200 ooquistes con el objetivo 40X a través
de una escala milimétrica graduada** de acuerdo con
lo propuesto por Joyner y Long.*

Analisis estadistico

Se utilizé un modelo lineal completamente aleatori-
zado, los efectos de los tratamientos se evaluaron por
anélisis de varianza, las diferencias entre las medias
de los grupos se verificaron con la prueba de Tukey
con un nivel de significancia de 5%.

Resultados

A la tercera semana de edad, los grupos vacunados
tuvieron menor peso que los no vacunados, aun
cuando siete dias después el grupo VD mostré mayor

*Cronometro Casio® DBC-62, Corea DK, Corea.
**Microscopio compuesto Karl Zeiss® MC-80, México.




might be attributable to the fact that they used the
Paracox®* vaccine (attenuated-oocysts). Allen and
Fetterer! report that this type of vaccine has a low
reproductive potential and, in consequence, inter-
mediate phases (merozoites) do not saturate specific
areas of the intestinal mucosa, favoring optimal immu-
nity development with minimal intestinal damage.**°
Weight losses in the VC group caused by the effect
of this type of vaccines, should be recuperated in a
period no longer than three to four weeks, according
to Juarez et al.*> and Danforth.*

William and Catchpole® recorded that the vac-
cine strain properly protected without affecting
weight in the VC group, using a heterologous strain
of E. maxima as challenge strain, in disagreement with
this study in which it started to affect vaccinated-bird
weights since the first day, which may have reduced the
strength of the immune system. Opportune negative
effect on WG by Coccivac B®* agrees with Danforth
et al.”® observations evaluating Immucox®** (non-
attenuated-oocyst). This situation contrast to the use
of attenuated-oocyst vaccine (Paracox®* and Liva-
cox**), in which weights are not affected.®%8%203%-35

Bradley and Radhakrishnan® and Qin et al.*” have
reported that lesions induced by cellular destruction
during Eimeria replication might change pH, making
the environment more alkaline. In this study, intes-
tinal pH showed this tendency only in the jejunum
of the vaccinated and UCC groups. Because of this,
chronic affecting grade (vaccine) must be differenti-
ated form acute affecting grade (challenge).

The UUC group had the lowest IgA amount in
ceca. The higher IgA quantities observed in the rest
of the groups were possibly caused by E. tenella action.
Asexual and sexual phases of this protozoa damage

ganancia de peso con respecto al grupo NVD; esta
ganancia fue menor a la observada en los grupos
NVND y VND. Al dia 28 de edad, el grupo NVND fue
diferente (P < 0.05) al resto de los grupos. El grupo
NVND presentd la mayor ganancia de peso, seguido
por el grupo VND y por el grupo VD. La ganancia de
peso en el grupo NVD fue menor (25.37%) a la obte-
nida en el grupo NVND (Cuadro 1).

Aun cuando el grupo VND mostro tendencia hacia
un menor peso de los intestinos, este parametro no
mostro significancia dentro de los criterios de evalua-
cion de la vacuna, ya que el peso de los intestinos del
resto de los grupos fue similar. El pH intestinal no
fue diferente entre los grupos (Cuadro 2). El grupo
NVND presentd la menor concentracién de IgA en
sacos ciegos (Cuadro 3).

La vacuna mostro tendencia a acelerar el tran-
sito del bolo alimentario a lo largo del tubo digestivo
siete dias antes del desafio; sin embargo, 11 dias des-
pués difirid con respecto a las aves desafiadas, que
no habian sido vacunadas. Al dia 26, el grupo NVD
presentod la menor velocidad de transito gastrointesti-
nal (P < 0.05), en tanto que el grupo VND mostro la
mayor, los grupos NVND y VD fueron indistinguibles
estadisticamente; sin embargo, no fueron diferentes
a los grupos NVD y VND (Cuadro 4). El grupo VD
presenta menos severidad de lesiones por E. acervu-
lina y E. maxima (P < 0.05) que el grupo NVD,; sin
embargo, éstas fueron mas severas que las observadas
en el grupo VND. En cuanto a E. tenella, el grupo VD
presento las lesiones més severas (Cuadro 5). El grupo
NVD eliminé la mayor cantidad de ooquistes a los
siete dias posdesafio (PD); en esta fecha, el grupo VD
elimind mayor nimero de ooquistes que los grupos
NVND y VND (Cuadro 6). A los 28 dias de edad, el

Cuadro 1
PESO SEMANAL, EN GRAMOS, DE POLLOS DE ENGORDA VACUNADOS Y SIN VACUNAR,
E INCREMENTO PORCENTUAL DE PESO 7 DIAS POSDESAFIO CON UN AISLAMIENTO DE
CAMPO DE E. acervulina, E. maxima Y E. tenella
WEEKLY WEIGHT IN GRAMS, OF VACCINATED AND UNVACCINATED BROILER CHICKENS
AND PERCENTAGE WEIGHT-INCREASE SEVEN DAYS POST-CHALLENGE WITH E. acervulina,
E. maxima AND E. tenella FIELD STRAINS

Challenge Weight-increase
Group Day 7 Day 14 Dya 21 Day 28 on day 28
L C(f)mml *133.1 £ 18.3° 321.8 + 54.6° 615.6 + 100.1° 9233 +126.2° 49.97%
2 (éj:;‘“"l 125.7 + 14.7* 313.4+51.6° 622.0+72.7" 775.0 £ 99.0° 24.60%,
3. Vaccine + a a b b
127.2£19.2 309.5+53.1 544.8 +105.9 731.5+ 120.6 34.25%
Challenge
4. Vaccine  122.4 +20.0° 2924+ 42.7° 504.9 + 88.5 7262+ 130.7° 43.81%

*Mean values expressed as grams + standard deviation; values in the same column with different letter are statistically different (P <

0.05).
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Cuadro 2

pH INTESTINAL Y PESO TOTAL EN GRAMOS, DE LOS INTESTINOS AL DiA 28 DE EDAD DE
POLLOS DE ENGORDA VACUNADOS Y SIN VACUNAR CONTRA Eimeria spp, PREVIAMENTE
DESAFIADOS AL DIA 21 DE EDAD

INTESTINAL pH AND TOTAL WEIGHT IN GRAMS, IN 28-DAY-OLD BROILER CHICKENS
VACCINATED AND UNVACCINATED AGAINST Eimeria spp, PREVIOUSLY CHALLENGED AT 21

DAYS OF AGE
Group Duodenum Jejunum lleum Ceca Intestinal weight
1. Control (-) *6.2+0.2" *5.9+0.5" *6.6 +£0.9" *7.5+02% **71.4+10.0°
2. Control +
6.3 +£0.4° 59+0.8° 7.1£0.7% 7.0 +0.4" 73.9 £ 16.2°
Challenge
3. Vaccine +
6.4 +0.3" 6.3+0.2° 6.4+1.1% 7.5+0.3" 71.2 £ 14.0*
Challenge
4. Vaccine 6.1+0.2° 6.3+0.2° 6.4+0.9° 7.4+0.3% 69.4 +15.3%

*Mean values as hydrogenion potential + standard deviation of five birds per group, values in the same column with different letter are
statistically different (P < 0.05).

**Mean values as grams =+ standard deviation of 20 birds per group; values in the same column with different letter are statistically
different (P < 0.05).

Cuadro 3

CONCENTRACION DE IgA INTESTINAL AL DIA 28 DE EDAD, DE POLLOS DE ENGORDA
VACUNADOS Y SIN VACUNAR, DESAFIADOS AL DiA 21 DE EDAD CON UN AISLAMIENTO DE
CAMPO MEXICANO DE Eimeria spp

INTESTINAL IgA CONCENTRATION OF VACCINATED AND UNVACCINATED 28-DAY-OLD
BROILER CHICKENS, CHALLENGED ON DAY 21 OF AGE WITH A Eimeria spp FIELD STRAIN
ISOLATED IN MEXICO

Group Duodenum Jejunum lleum Ceca

1. Control (-) *980° #928? #1.055° #817°
2. Control + Challenge 1.012% 1.111° 1.159% 1.142%
3. Vaccine + Challenge 924* 895° 1.109* 1.189%
4. Vaccine 810° 1.009* 1.022° 1.047°

**Mean values as ng/ml + standard deviation in five birds per group; values in the same column with different letter are
statistically different (P < 0.05).

cecum epithelium producing serious inflammatory
responses that favor higher intestine weights of the
challenged groups. Because of this, the apparently
lower intestine weight of the VU group may have
been resulted from a post-vaccinial healing process.
IgA increase in the cecum lumen in this study is not
considered as a specific humoral immune response.
Girard et al.*® observed that specific IgA and IgG anti-
bodies only rose until the second week PC, after E.
acervulina and E. tenella infection during a 21-day-
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porcentaje de E. acervulina en el grupo VD fue menor
al grupo NVND, NVD y VND, mientras que los por-
centajes de E. maxima y E. tenella se incrementaron en
relacion con el resto de los grupos (Cuadro 7).

Discusion
La diferencia de peso entre el grupo NVD y el VD

es similar a la observada por Williams y Catchpole,®
quienes efectuaron el desafio de forma individual con



Cuadro 4

TIEMPO EN MINUTOS DE TRANSITO GASTROINTESTINAL EN POLLOS DE ENGORDA
VACUNADOS Y SIN VACUNAR, QUE FUERON DESAFIADOS AL DIA 21 DE EDAD CON UN
AISLAMIENTO DE CAMPO MEXICANO DE Eimeria spp

GASTROINTESTINAL PASSAGE TIME IN MINUTES, IN VACCINATED AND UNVACCINATED
BROILER CHICKENS, CHALLENGED ON DAY 21 OF AGE WITH A Eimeria spp FIELD STRAIN
ISOLATED IN MEXICO

Group Day 14

Day 26

1. Control (—)
2. Control + Challenge
3. Vaccine + Challenge

4. Vaccine

*155.6 +16.1°

143.4 +£27.1°

156.6 + 60.0°

139.6 £28.*

*175.0 + 44.5%
212.4 +31.2%
173 .0 £30.6™

158.4 +52.2°

*Mean values as minutes + standard deviation of five birds per group; values in the same column with different letter are statistically

different (P < 0.05).

Cuadro 5

QALIFICACION DE LA SEVERIDAD DE LAS LESIONES INTESTINALES DE Eimeria spp*
AL DIA 28 DE EDAD, EN POLLOS DE ENGORDA VACUNADOS Y SIN VACUNAR, DESAFIADOS
AL DIA 21 DE EDAD

EVALUATION OF THE Eimeria spp INTESTINAL-LESION SCORES* ON DAY 28 OF AGE IN
VACCINATED AND UNVACCINATED BROILER CHICKENS, CHALLENGED ON DAY 21 OF AGE

Group E. acervulina E. maxima E. tenella

1. Control (-) #%0.87 + 0.76 ° #%(),05 + 0.22 © #%().05 + 0.22°
2. Control + Challenge 235+0.49° 1.75 +£0.64° 0.25+0.55%
3. Vaccine + Challenge 0.94+043° 1.17+0.73° 0.71+0.89°
4. Vaccine 0.28 £0.46 ¢ 0.11 +£0.32° 0.11 +0.32°

*Lesion score evaluation according to Johnson and Reid (1970) scale.

**Mean values + standard deviation in 20 birds per group; values in the same column with different letter are statistically different (P <

0.05).

period, using intestine fragments in an ex vivo-culture
assay. According to this, it is recommendable to use
an ELISA test with specific antigens for each of the
strains used for challenge for at least 2 weeks.

Birds in the UCC group had a slow food passage
along the digestive tract because enterocytes are
involved in a serious inflammatory process, which is
responsible for the functional loss. In this case, it was
manifested as atony of the intestinal muscle tissue.*
A decrease in the intestinal peristaltic and anti-peri-
staltic waves might favor infection by the intermedi-
ate Eimeria phases.* Clinical frame gets more serious
because UCC birds cannot eliminate that huge quan-
tity of intermediate phases.*® According to Williams,*
the UCC group was more seriously affected, probably

siete especies de Eimeria. Sin embargo, a diferencia del
presente estudio, observaron que adn con la especie
mas patégena que emplearon (E. necatrix), el grupo
VD nunca fue diferente en ganancia de peso con el
grupo NVND. En el presente estudio existe cierto
grado de proteccion en el grupo VD, pero no alcanza
100%. La diferencia quizé se deba a que ellos emplea-
ron lavacuna Paracox®* (ooquistes atenuados). Allen
y Fetterer' mencionan que este tipo de vacuna tiene
un bajo potencial reproductivo, por lo cual las fases
intermedias (merozoitos) no saturan un area especi-
fica de la mucosa intestinal, ello favorece el éptimo
desarrollo de inmunidad con minimo dafo del tejido

*Schering Plough Animal Health Corp., Reino Unido.
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Cuadro 6
NUMERO DE OOQUISTES DE Eimeria spp POR GRAMO DE HECES EN POLLOS DE ENGORDA
VACUNADOS Y SIN VACUNAR, DESAFIADOS AL DIA 21 DE EDAD CON UN AISLAMIENTO DE
CAMPO MEXICANO

Eimeria spp OOCYST OUTPUT PER GRAM OF FECES IN VACCINATED AND UNVACCINATED
BROILER CHICKENS, CHALLENGED ON DAY 21 OF AGE WITH A FIELD STRAIN ISOLATED IN

MEXICO
Group Day 7 Day 14 Day 21 Day 28
1. Control (-) *0 + 0P *)£0° *0 £ 0° *406 000 + 35 072¢
2. Control + Challenge 0+ 0P 0+0° 0+0° 3 626 667 + 828 986"

3. Vaccine + Challenge 626 + 750"

4. Vaccine 421 +512°

49 600 + 1 995°

260 000 + 31 451°

1 598 667 + 837 835° 2280 000 = 573 860°

718 667 + 104 126 62 667 +10927°

**Qocyst number mean values + standard deviation in 20 birds per group; values in the same column with different letter are statistically

different (P < 0.05).

Cuadro 7

ESPECIE ESPECIFICA DE Eimeria PRESENTE EN HECES AL DiA 28 DE EDAD, DE POLLOS DE
ENGORDA VACUNADOS Y SIN VACUNAR, DESAFIADOS AL DIA 21 DE EDAD

SPECIFIC Eimeria SPECIES IN FECES OF VACCINATED AND UNVACCINATED 28-DAY-OLD
BROILER CHICKENS, CHALLENGED ON DAY 21 OF AGE

Group E. acervulina* E. maxima* E. tenella*
Day 21 Day 28 Day 21 Day 28 Day 21 Day 28
1. Control (-) 0% 87% 0% 0% 0% 13%
2. Control + Challenge 0% 54% 0% 22% 0% 24%
3. Vaccine + Challenge 80% 21% 8% 41% 12% 38%
4. Vaccine 83% 84% 4% 4% 13% 12%

*Mean percentage of the assessment in 20 birds per group.

because of the big amount of intermediate phases,
which were indirectly assessed in a lower quantity of
excreted oocysts in vaccinated birds.

Even though it was expected for the VC group to
be more protected by the vaccine, lesions due to E.
tenella were more serious. Williams® reports that a
VC group may show marginal immunity, favoring a
higher amount of excreted oocysts or even increased
lesion-seriousness for some Eimeria species, than the
seen in an unvaccinated group challenged with the
same oocyst quantity. Williams™ says that it is attribut-
able to the oocyst quantity in the inoculum, since it
was observed that there is a specific challenge amount
(saturation shoot dose). This amount allows the inter-
mediate phases to invade all available enterocytes and
saturate the correspondent intestine portion, express-
ing the maximum oocyst reproductive potential. Wil-
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intestinal.*'° De acuerdo con lo observado por Juérez
et al.** y Danforth,* el peso que pierde el grupo VD
por efecto de este tipo de vacuna se debe recuperar
en un periodo de tres a cuatro semanas.

William y Catchpole,® al usar como cepa de desa-
fio una cepa heterdloga de E. maxima, registraron
que la cepavacunal protegié adecuadamente sin afec-
tar el peso del grupo VD, a diferencia de la vacuna
empleada en el presente estudio, la cual comenzo a
afectar el peso de las aves vacunadas desde el primer
dia, ello quizéa contribuyd a tener un sistema inmune
no fortalecido. Laafectacidon oportunasobre laganan-
cia de peso por Coccivac B®,* coincide con lo obser-
vado por Danforth et al.,** al evaluar Immucox®**

*Schering Plough Animal Health, Corp. Estados Unidos de
América.
**Vetech Laboratories Inc., Canada.



liams™ found out that if oocysts are increased to this
specific amount, the rest of the inoculum (saturation
dose) causes that the oocyst output in feces tends to
decrease. It is possible that, because of the existence
of certain amount of immunity in the VC group in the
present study, the number of E. tenella oocysts in this
group may have been reduced to the saturation dose,
favoring the maximum protozoan replication. Mean
while, the UCC group, that may have received E. ten-
ella saturation dose, presented a lower E. tenella oocyst
number in feces than the expected seven days PC. E.
maxima and E. tenella caused the more serious lesions,
in contrast to the low lesion scores caused by E. acer-
vulina, along with a low percentage of this species in
the VC group feces seven days PC, meaning a better
crossed-immunity for this species.

Johnson et al.** have already observed bad cross-
protection with this vaccine since 1979. However, it
was verified for E. tenella, but not for E. maxima. Lack
of immunity against E. tenella and E. maxima in the VC
group, expressed as an increase in lesion seriousness,
was observed in 1992 by Fitz-Coy."® Interpretation of
the protection provided by coccidial vaccines against
E. tenella throughout lesion evaluation is confusing.
Several researchers have observed huge variability in
the pathogenic grade of the strains of this species.’3*"
5 E. tenella and mainly E. acervulina strains produced
contamination in the UUC group, which was con-
firmed by the participation percentage of this species
in the feces collected seven days PC.

Chapman? does not recommend inclusion of con-
trol groups (UUC) in floor tests, because of the high
contamination probability. However, he suggests its
inclusion in grate-cage tests. In this study a control
group was included due to the information that it did
yield. Contamination did not affect the objectives of
the study, since the UUC group showed a WG similar
to those assessed by Danforth,* Smith et al.® and Allen
et al.,®? in this type of group.

Oocyst output seven days PC in the UCC group
feces was higher than those of the other groups. Rela-
tive participation of the excreted amounts of the three
species in the UCC group agreed to the ones reported
by Williams.®® The VU group behavior was similar
to Goletic et al.*® observations. However, when this
output pattern was compared to that of the VC group,
the relative percentage of E. maxima oocysts had an
important increase in the later group (37%). Chap-
man et al.* point out that the lesions peak produced
by Coccivac B®* is seen between days 18 and 28 of
age. This condition could be the reason why birds did
not develop a proper immunity on time in the present
study. Because of the lesions caused by vaccinial
strains, it is necessary to produce immunity before the
challenge date, since 21-day-old chickens have more

(ooquistes no atenuados), situacién que contrasta con
el empleo de vacunas con ooquistes atenuados (Para-
cox®* y Livacox**), donde se ha observado que los
pesos no se afectan,®58920:33:35
Bradley y Radhakrishnan® y Qin et al.*” han des-
crito que en la replicacion de Eimeria spp las lesiones
inducidas por la destruccion celular pueden modificar
el pH, alcalinizando el medio. En el presente estudio
el pH intestinal mostré Unicamente esta tendencia en
el yeyuno de las aves de los grupos vacunados y no en
el grupo NVD, por lo cual se debe diferenciar el grado
cronico de afectacion (vacuna) del agudo (desafio).
El grupo NVND presentd menor cantidad de IgA
en sacos ciegos, posiblemente la mayor cantidad de IgA
observada en el resto de los grupos fue por la accion
de E. tenella; las fases asexual y sexual de este proto-
zoario ocasionan dafio en el epitelio cecal y produ-
cen un proceso inflamatorio severo,?®* que favorece
mayor peso en los intestinos de los grupos desafiados,
por lo cual el aparente menor peso de los intestinos
en el grupo VND, posiblemente se debid al proceso de
recuperacion posvacunal. El aumento de IgA en la luz
de los sacos ciegos del presente estudio no se considera
respuesta inmune humoral especifica; Girard et al.,*
en un ensayo de cultivo ex vivo, al emplear fragmentos
intestinales, después de la infeccion con E. acervulina
y E. tenella durante un periodo de 21 dias, observaron
que los anticuerpos especificos IgA e 1gG solo se incre-
mentan después de la segunda semana PD. Lo reco-
mendable, de acuerdo con lo observado por Girard et
al.,*® es emplear una prueba de ELISA con antigenos
especificos de cada una de las cepas utilizadas para el
desafio durante un periodo minimo de dos semanas.
Las aves del grupo NVD muestran un transito lento
del bolo alimentario a lo largo del tubo digestivo,
debido a que los enterocitos se encuentran involucra-
dos en un proceso inflamatorio severo, responsable
de la pérdida de funcién observada aqui como atonia
muscular del tejido intestinal,* lo cual quiza contri-
buye a aumentar la infeccion por las fases intermedias
de Eimeria, pues al disminuir las ondas peristalticas
y antiperistalticas del intestino,* las aves NVD no
pueden eliminar esta gran cantidad de fases interme-
dias,*® ello agrava el cuadro clinico. Segin Williams,*
la mayor afeccion del grupo NVD probablemente se
debid a este gran nimero de fases intermedias, las
cuales se cuantificaron indirectamente en menor can-
tidad de ooquistes excretados en las aves vacunadas.
Aun cuando se esperaba que el grupo VD estuviera
protegido por la vacuna, se observé que las lesiones
por E. tenella fueron las mas severas. Williams™ des-
cribe que un grupo como el VD puede mostrar inmu-

*Schering Plough Animal Health Corp., Reino Unido.
**Biopharm Research Institute of Biopharmacy and Veteri-
nary Drugs, Republica Checa.
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probability of infection under field conditions.®*"?
After vaccination, immunity is achieved by a continu-
ous re-infection process of the vaccinial oocysts in the
litter; the more quickly immunity is established, the
lower the quantity of excreted oocysts.*%1%343% Differ-
ence in the oocyst amount between the VC and VU
groups on days 14 and 21 may have been related to a
immunization delay in the VC group.

The fast oocyst excretion towards the litter is manly
observed with oocysts of the precocious attenuated
strains, according to Zorman-Rojs et al.*® In this study
vaccinial oocysts were not attenuated. Because of that,
re-infection process might have been accelerated in
the VU group by humidity, ventilation and tempera-
ture of the litter in that pen, conditions that favor a
better sporulation and, in consequence, better immu-
nization according to Williams.®

It is possible to assess a serious fault in the vaccine
protection by the Eimeria species percentage observed
seven days PC in the VC group. Even though a mild
protection against E. acervulina was seen, there was
an increase in the E. maxima and E. tenella percent-
age regarding the VU group. The low E. tenella immu-
nity,®* along with the high immunogenic variability
of several E. maxima and E. tenella strains isolated
from different geographic places,***19224¢ point out
that one-type live-oocyst vaccine is not always effec-
tive against field strains from different geographic
regions.*>'**® The VC group showed low protection in
the E. tenella challenge, verified by the huge amount of
excreted oocysts, the lesion seriousness of the ceca and
the high E. tenella percentage in feces seven days PC.
Kimura et al.” suggest that E. tenella infection causes
weight loss and that clinical signs are more related to
the presence of non-beneficial microbiota than to the
oocyst output amount per se.

The previous discussion may explain some of the
differences observed in this study between the UCC
and VC groups concerning E. tenella oocyst excretion
in feces and lesion seriousness, according to Bradley
and Radhakrishnan.®® However, it does not explain
those between the VC and VU groups since it was
expected for the VC group to have a response similar
to the one in the VU, but they were different. Even
though E. maxima is the most immunogenic species in
homologous challenges,’****8 in the present study vac-
cinial E. maxima strain did not protect against the field
strain. The lack of protection among E. maxima heter-
ologous stains was described by Long and Millard;*®
characterization was done by Danforth et al.,** Barta
et al.,”* Smith et al.”® and Allen et al.,’* who observed
a considerable immunevariation among different E.
maxima strains from several geographic places in Eng-
land and North America. Danforth et al.'? reported
low crossed protection against different E. maxima
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nidad marginal, esto favorece la mayor cantidad de
ooquistes excretados o incluso mayor severidad de
lesiones por parte de alguna especie de Eimeria, que la
observada en un grupo no inmunizado y que fue desa-
fiado con la misma cantidad de ooquistes; Williams™
lo atribuye a la cantidad de ooquistes del indculo, ya
que observo que existe una cantidad especifica de
desafio (dosis de disparo para saturacion) en la cual
las fases intermedias invaden todos los enterocitos dis-
ponibles y saturan la porcion del intestino correspon-
diente, expresando el maximo potencial reproductivo
de los ooquistes. Williams™ determiné que si se incre-
mentan los ooquistes en esta cantidad especifica, el
inoculo resultante (dosis de saturacion) ocasiona que
la cantidad de ooquistes en heces tienda a descender.
En el presente estudio es posible que al existir cierto
grado de inmunidad en el grupo VD, la cantidad de
ooquistes de E. tenella en este grupo se haya reducido
a la dosis de disparo para saturacion, lo cual favorecio
la maxima replicacion del protozoario. Mientras que
en el grupo NVD, que posiblemente recibio la dosis
de E. tenella tipo dosis de saturacion, se observd menor
numero de ooquistes de E. tenella en heces siete dias
PD que el esperado para un grupo NVD. La mayor
severidad de lesiones la ocasionaron las cepas de E.
maxima y E. tenella, en contraste con las lesiones obser-
vadas por E. acervulina, las cuales fueron menos seve-
ras, lo que junto con un menor porcentaje de esta
especie en las heces del grupo VD siete dias PD, indica
mejor inmunidad cruzada para esta especie.

Johnson et al.** ya habian observado mala protec-
cion cruzada con estavacuna desde 1979; sin embargo,
lo verificaron con E. tenella, pero no con E. maxima. La
falta de inmunidad para E. tenella y E. maxima expre-
sada como incremento en la severidad de las lesiones
en el grupo VD fue observada en 1992 por Fitz-Coy.™
La interpretacion de proteccion por parte de las
vacunas de coccidia contra E. tenella por medio de la
calificacion de lesiones es confusa, ya que diferentes
investigadores han observado gran variabilidad en
el grado de patogenicidad de las cepas de esta espe-
cie.®** Las cepas de E. tenella y principalmente de
E. acervulina del inéculo produjeron contaminacion
en el grupo NVND, lo que se confirmo al observar
el porcentaje de participacion de estas especies en las
heces recolectadas siete dias PD.

Chapman? no recomienda incluir en pruebas de
piso un grupo testigo de este tipo (NVND), debido a
la probabilidad de contaminacion cruzada que existe;
sin embargo, sugiere su inclusién en pruebas de bate-
ria; en el presente estudio se decidid su inclusion
debido a la informacién que efectivamente propor-
ciond. La contaminacion no afectd los objetivos del

*Schering Plough Animal Health, Corp. Estados Unidos de
América.



field strains evaluating Immucox®, and so they rec-
ommend isolation of immunevariants from the geo-
graphic sites where this protection failure exist, and
use them as substitutes in the vaccine. However, this
type of vaccines keep the problem originated by non-
attenuated oocyst vaccines.**?

An autogenous vaccine should be attenuated by
precocious strain selection, according to Williams,® or
by chicken embryo passage according to Shirley and
Bedrnik.*

In Mexico there are commercial vaccines that
include more than one E. maximastrain,* and vaccines
with E. tenella strains attenuated in chicken embryo.*
However, there are no studies about cross-protection
evaluation for these vaccines. Even though this paper
worked on this problem, it only analyzed the behavior
of one E. maxima strain against a vaccinial E. maxima
strain. It is concluded that, before choosing vaccina-
tion for broiler chicken flocks in Mexico, it is recom-
mendable to determine the antigenic differences
between field coccidia isolations and vaccinial oocyst,
especially for E. maxima and E. tenella strains.

Although some authors consider WG and caro-
tenoid serum levels as primary criteria for vaccinial
protection evaluation,'®2°?? the possibility of assess-
ing gastric passage and relative percentage of Eimeria
species in feces AC should be considered according to
the present study and aiming to create a unique and
useful criterion, in order to do protection compari-
sons between Eimeria spp field strains and the anticoc-
cidial vaccines that will be developed in the following
years. 950
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diferencias antigénicas entre los aislamientos de coc-
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