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Introduction

Avian coccidiosis is responsible for substantial losses
to the poultry industry in various countries of the world

including Korea. After the use of drugs to treat coccidio-

sis dated from the discovery by Levine(1939) that sulfani-
lamide: would cure coccidiosis in chickens, various antic-
occidial drugs were developed and used. Long has indic-
ated that polyether ionophorous antibiotics were mainly

used. While those drugs were very effective for the prote-



ction of avian coccidiosts, some problems were recogniz-
ed in the use of the anticoccidial drugs® One of those is
the emergency of drug resistance strains according to co-
ntinuous use or misuse of the drugs. The emergency of
drug resistance strains causes the development of new dr-
ugs and the rotation program of some drugs. In other ha-
nd, as the anticoccidial drug feed additives were ascende-
d expenditure of poultry products, the drugs or antibio-
tics would be retained as residue in poultry product and
these residual drugs may have a demerit influence to the
final consumer the human being. Therefore, the enhance-
ment of the regulations for the anticoccidial drugs should
be strengthen gradually. For safety and economic control
of avian coccidiosis, we were concemed about the de-
velopment of vaccine!* Some scientists studied on the
pathogenicity of attenuated Eimeria spp. for the im-
munogen of avian coccidiosis. In recent. development of
avian coccidial vaccine is accompanied two methods ;
the method of genetic engineering technology and aviru-
lent coccidial oocysts. The method of genetic engineer-
ing technology was accompanied with recombinant DNA
technique by Escherichia coli. The immunogen produced
from recombinant DNA technique was not pathogenic,
but it was estimated at non-effect. The other was the use
of the avirulent coccidial oocysts with precocious line
and the application of 7 -irradiation. Many scientists stu-
died on the pathogenicity of precocious line for im-
munogen of avian coccidiosis 2437812181718 Thig met.
hod is required of time and labor to make and preserve
of passaged oocysts and possibility of interspecific conta-
mination. Fitzerald initiated the method of use of 7 -irra-
diated oocysts with bovine coccidia, such as E bovis> Si-
ngh and Gill also repoted to the pathogenic effect of 7 -
irradiation ot E necatrix.'* To investigate the pathogenici-
ty and immunogenicity of coccidia, they only used with
7 -irradiated oocysts. The use of 7 -irradiated oocysts w-
as not satisfied because of the problems to preserve imm-
unogenicity and mass production. In this examination, for
making avirulent coccidia, we treated E tenella by 7 -irra-
diation and passaged it in SPF chicken. To make use of
passaged oocyst to coccidial imunogen, its pathogenicity

was investigated.

Materials and Methods
Eimeria tenella . A stock of E tenella provided from

the Protozoology Laboratory of Animal parasitology In-
stitute of the USDA was fed to the SPF chickens for
the propagation. The oocysts were preserved in 2%
potassium dichromate solution to be sporulated and pre-
served in a refreezerator(2 ~5C) until used. It was used
to investigate the pathogenicity for the ¥ -irradiated dose
of ®Co and the numbers of inoculum of the ¥ -irradiated
E tenella and its progeny by companson of body weight
gains, feed efficacy, blood in fece, lesion scores of anti-
coceidial indices.
Experimental animals :

SPF chickens of the same numbers of sex of white col-

Four hundred and twenty

ored layer Lohmann were used as the experimental anim-
als. They were reared 12 chickens per group on cage.
Orne hundred and eighty 7 week-old chickens were used
to determine proper irradiation and immune doses. Two
hundres and forty 4 week-old chickens were used to in-
vestigate the pathogenicity of 7 -irradiated E tenella and
1ts progeny.

Experimental feed. : Experimental feed is manufactured for
early broiler without anticoccidial feed additives at Kon-Kuk
feed manufacture Co. in Kon-Kuk University and its composi-
tion followed the commercial chicken production manual(Not-
th. 1984). Feed and water were administered at liberty and w-
ere: measured.

Dose of Y -iradiated oocysts of £ tenelle and Determinati-
on o Y -imadiated dose © Sporulated oocysts of E tenellz wer-
e imadiated with ¥ -ray from *'Co of 950 curi in Korean Ato-
muc laboratory. 100 Gy was irradiated in 57cm, 200 Gy. 4lc-
m. 300 Gy, 32cm, 600 Gy, 23cm during 3 times, respectively.
Twelve 7 weekOld chickens per each group were immunized
with 1X10° oocysts by 100, 200, 300 and 600 Gy 7 -iradia-
ted from ®Co. One group of 12 chickens was not inoculated
control group. Two chickens of each group were slaughtered
to examine lesion score at the 1st week after immunization.
Body weight gain of each group was investigated at the 2nd
waek after immunization. Blood in feces, lesion score and ex-
creted oocysts per gram in feces were investigated at the 1st
week after immunization.

Determination of immune dose. : Twelve 7 week-old
chickens per each group were immunized with 1 X 10, 1
X10% 1X10* and 1 X10° oocysts of the 1st and the 3rd
pessaged E tenella irradiated with 100 Gy 7 -tay from

0Co, respectively. One group of 12 chickens was control
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group. Two chickens of each group were slaughtered to
examine lesion score at the Ist week after immunization.
The body weight gain of each group was investigated at
the 2nd week after immunization. Blood in feces, lesion
score and excreted cocysts per gram in feces were invest-
igated as the same as previous methods.

Degrees of the pathogenicity of experimental Eimeria
tenella. Twelve 4 week-old chickens per each group were
immunized with 1 X 10* oocysts of non-passage, the 1st
and the 3rd passaged E tenella irradiated with 100 Gy 7 -
ray from ®Co, respectively. One group of 12 chickens
was immunized with non-iradiated E tenella group and the
other was control groups. This trial was accompanied by
4 replications. The items of investigation were as follow
; Blood in feces. The blood in feces of each group was
investigated from the 4th to the 8th day after immuniza-
tion. Degree of blood in feces was divided with 4 grades
; those were normal, mild, moderate, and severe. Lesion
score. The lesion score of each group was investigated
according to the method suggested by Conway at the 7th
day after immunization.!

Packed cell volume of erythrocytes{PCV) . The pack-
ed cell volume of each group was investigated at the 7th
day after immunization.

Number of excreted oocysts in feces . The excreted

oocysts per gram in feces each group was examined by
new MacMaster's egg counting chamber from the 5th to
the 11th day after immunization.

Body weight gain . The body weight gains and its rates of
each group were investigated at the 1st and the 2nd week aft-
er immunization.

Feed conversion ration: The feed conversion ratio of each
group was investigated at the 1st and the 2nd week after im-
munization.

Anticoccidial index . Anticoccidial index was investi-
gated at the st week after immunization to evaluate the
pathogenicity of 7 -irradiated E tenella and its progeny.
Thae method of calculation of anticoccidial index was as
the same as that of Sunoda, such as follows ;
Anticoccidial index = (Syrvival rate + rate of relative
bady weight gain)—~(cocysts index+lesion score index).'®

Statistical analysis - The results of body weight gain,
feed conversion ratio, lesion score, packed cell volume of
erythrocytes and anticoccidial index were analyzed by

Tukey’s studentized range test.

Results
Pathogenicity of E tenella treated with various doses
of Y -ray from ®Co. : The pathogenicity of the group i-
mimunized with 100 Gy 7 -irradiated E tenella was more
severe than those of the other groups by comparison of

Table 1. The Pathogenicity of E tenella irradiated with various doses of 7 -ray form *Co

Body weight gain(g) Blood in feces Lesion score OPG
Group 2 weeks 1 week 1 week 1 week
I 248.0 - 0.00 0
1] 215.0 + 1.00 13,000
I 213.5 + 0.50 2.400
N 233.0 - 0.00 600
\% 242.0 - 0.00 <200

group | : control group with not immunized, group 1. I, IV and V : experimental groups immunized with 1X10° of oocysts irradiated with
100, 200, 300 and 600 Gy 7 -ray from ®Co, respectively, OPG : oocysts per gram of feces, — : normal, + . mild.

Table 2. The pathogenicity of the st progeny of E tenella irradiated with 100 Gy 7 -ray from ®Co

Number of Body weight gain(g) Blood in feces Lesion score
Group oocysts
(immunized) 2 weeks 1 week 1 week
1 - 165.0 - 0.00
i 1X10° 146.5 ~ 0.50
il 1x10° 145.0 - 1.00
I} 1x10* 130.5 + 2,00
Vv 1X10° 116.5 ++ 2.50

group | : control group with not immunized, gourp I, [, IV and V : experimental groups immunized with the 1st progeny of E tenella
irradiated with 100 Gy 7 -ray from ®°Co, respectively. — . normal. + : mild, -+ + : moderate.
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Table 3. The pathogenicity of the 3rd progeny of E tenelia imradiated with 100 Gy ¥ -ray from *°Co

Number of Body weight gain(g) Blood in feces Lesion score
Group oocysts
(immunized) 2 weeks 1 week 1 week
1 - 172.0 - 0.00
I 1X107 142.0 - 0.50
m 1x10° 133.5 + 1.50
N 1x10* 125.5 ++ 2.50
\ 1X10° 109.0 +4++ 3.00
group 1 : control group with not immunized, group 1. I, IV and V ! experimental groups immunized with the 3rd progeny of £ tenelle

irradiated with 100 Gy 7 -ray from ®°Co, respectively, — . normal, + : mild, ++ : moderate, +++ : severe.

Table 4. The pathogenicity after immunization with 1 X 10% oocysts of E tenella irradiated with 100 Gy 7 -ray from *'Co

and its progeny

Group Blood in feces Lesion score PCV
4 5 6 7 8(days) (M+SD) (M%SD)
Co - - - - - 0.0%0. 07 29.540.12
C + +++  ++ - - 3.440.5° 24.240.4¢
Po - - - - - 0.040. 0% 27.9+1.1%
P - + + - - 2.0£0.0 27.040.4
P - ++ + - - 2.540.5° 26.940.5°

Co : control group with not immunized, C1 : control group immunized with not irradiated cocysts, Po ! treatment group immunized with 7 -

irradiated oocysts, P1 ! tr t group 1

ized with the 1st progeny of 7 -imadiated cocysts, Pa . treatment group immunized with the 3rd

progeny of ¥ -irradiated oocysts, = : normal, + : mild, + + ! moderate, + + + ! severs. a, b, and ¢ values with different superscripts differ

significantly(p<0.05).

Table 5. The number of cocysts per gram in feces after immunization with 1 X 10* oocysts of E terella irradiated with 100

Gy 7 -ray from ®Co and its progeny

Shedding of oocysts(OPG X 1000)

Group 6 7 8 9 10 11(days)
Ci 0.0 61. 1% 59, 5% 36. 9P 16.5° 8.6
+0.0 +48.9 +24.1 +17.0 +6.6 +3.6
Po 0.0 0.2° 2.4 1.2 0. 3 0.1
+0.0 +0.1 +0.7 +0.4 +0.2 +0.1
P 0.0 14.2% 23.7° 10,12 12.3° 3.4°
+0.0 +5.3 +13.5 +2.5 5.9 +2.6
Ps 0.0 115.0° 52,7 32.8 16.2" 18.2¢
+0.0 +84.9 +35.5 +15.2 +8.3 +5.3

Ci * immunized control group, Po : treatment group immunized with ¥ -irradiated oocysts, P1 | treatment group immunized with the 1st prog-

eny of 7 -irradiated oocysts, Ps3 | treatment group immunized with the 3rd progeny of ¥ -irradiated oocysts.

a b and c values with different superscripts differ significantly(p<0.05).

body weight gains, blood in feces, lesion scores, and exc-
reted oocysts per gram in feces(Table 1).

Pathogenicity of the 1st progeny of E tenella irradiated
with 100 Gy-ray from ®Co : The pathogenicity of group
immunized with 1 X 10% oocysts of the 1st passaged E
tenella was milder than those of the other groups by com-
parison of body weight gains, blood in feces and lesion
scores. The more the numbers of immunized cocysts in-
creased, the more the pathogenicity of them got se-
vere(Table 2).

Pathogenicity of the 3rd progeny of E tenella irvadi-
ated with 100 Gy of Y -ray from ®Co : The pathogenic-
ity of group immunized with 1 X 10? oocysts of the 3rd
passaged E tenella was milder than those of the other
groups by comparison of body weight gains, blood in
feces and lesion scores(Table 3).

Pathogenicity of 100 Gy Y -imadiated E tenella and its
progeny. . In the preliminary trials, the number of non-ir-
radiated, ¥ -irradiated E tenella and its progeny were esti-
mated 1X10* oocysts by comparison of pathogenicity. S-
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Table 6. The body weight gain and the feed conversion ratio after immunization with 1X10* oocysts of E tenella irradiated

with 100 Gy 7 -ray from ®Co and its progeny

Group Body weight gain(g) Feed conversion rate
1 week 2 weeks 1 week 2 weeks
Co 112.5+11. 22 230.8+17.4° 2.06+0.17* 2.2110.16*
(100.0+0.0)* (100.0+0.0)
Ci 68.145.14 176.249.6° 4.08+0.219 3.1440.159
(61.149.2) (76.848.2)
Po 101. 7415, 9% 209. 6+17. 0% 2.63+0. 35" 2.454+0.17%
(90.7+13.3) (90,944.7)
P 86.6+7.4% 195.148.1% 3.5240.29° 2.66+0. 09
(77.7+11.5) (84.9+7.4)
Ps 76.845. 0% 189.146. 0 4.0140.164 2.8410.84°
(68.716.6) (82.244.3)

Co : control group with not immunized and not challlenged, Ci : immunized control group, Po : treatment group immunized with 7 -irradiated
oocysts, P1 | treatment group immunized with the 1st progeny of 7 -irradiated oocysts, Ps | treatment group immunized with the 3rd progeny

of 7 -irradiated oocysts. (

Table 7. The anti-coccidial index after immunization with 1
X 10* oocysts of E tenella irradiated with 100 Gy
Y -ray from ®Co and its progeny

Gorup Anti-coccidial index(M +SD)
Co 200.0+ 0.0°
G 87.41 4.6
Po 190.6413.3°
P 142.8425.9°
O3 107.4+ 8.9°

o © control group with not immunized and not challenged, C1 ! im-
munized control group, Po : treatment group immunized with 7 -
irradiated oocysts, Pt : treatment group immunized with the Ist pro-
teny of 7 -irradiated oocysts, P3  treatment group immunized with
the 3rd progeny of 7 -irradiated oocysts.

a, b, ¢ and d values with different superscripts differ significantly(p<
0.05).

o we immunized with 1X10* oocysts of 100 Gy of 7 -ir-
radiated E tenella and its progeny to each bird. The path-
ogenicity of group immunized with 7 -irradiated E tenella
was mildest of any other groups by comparison of blood
in feces, lesion score and packed cell volume of erythro-
cytes. The pathogenicity of groups immunized with the
1st and the 3rd passaged E tenella was milder than that of
non-irradiated group(Table 4).

Shedding of oocysts : Shedding of oocysts in group
immunized with 7 -irradiated non-passaged E tenella was
smallest of any other groups. Shedding of oocysts in
group immunized with the lst passaged E tfenella was
samller than those of non-irradiated and the 3rd passaged
E tenella groups(Tagle 5).

Body weight gain and feed conversion ratio : The

)* < rate of relative body weight gains=body weight gain of treatment group/body weight gain of control group.
a, b, c and d values with different superscripts differ significantly(p<0.05).

body weight gain of group immunized with 100 Gy 7 -
irradiated E tenella was the most of any other groups ex-
cepl control group. The body weight gains of groups
immunized with the 1st and the 3rd passaged E tenella
were more than that of non-irradiated group. The feed
conversion ratio of group immunized with 100 Gy 7 -
irradiated E tenella was the lowest of any other groups
except control group. Feed conversion ratio of groups
immunized with the 1st and the 3rd passaged E tenella
were more than that of non-irradiated E tenella group(T-
able 6).

Anti-coccidial index : The anticoccidial index of
group immunized with 100 Gy 7 -irradiated E tenella was
the most of any other groups except control group.
Thcese of groups immunized with the 1st and the 3rd pas-
saged E tenella were more than that of non-irradiated E
tenella group(Table 7).

Discussion

In this experiment, we irradiate 7 -ray to coccidial oo-
cysts and passage them to SPF chicken to be weak
pathogenicity by use of the proper immunogen for avian
coccidiosis. Their pathogenicity was investigated by
companson of body weight gains, blood in feces, lesion
scores, number of excreted oocysts in feces and packed
cell volume of erythrocysts.

In the experiment of effects of ionizing irradiation from
Cobalt-60 on oocysts of Etmeria bouis, Fitzgerald reported
that the group irradiated with 100 Gy 7 -ray from %Co
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was the most pathogenic by comparison of blood in
feces and number of excreted oocysts between 100 and
2000 Gy 7 -ray from ®Co® Also, Singh and Gill re-
ported that the groups 100 to 200 Gy 7 -ray from ®Co
to E mecatrix were more pathogenic than those of the
other 7 -irradiation doses.’® In this experiment, The
patnogenicity of the group immunized with 100 Gy 7 -
irradiated E tenella was more severe than those of the
other groups by comparison of body weight gains, blood
m feces, lesion score, and excreted oocysts per gram in
feces. The pathogenicity of groups immunized with 1 X
10° oocysts of the Ist and the 3rd passaged E tenella
irradiated with 100 Gy 7 -ray was more severe than
those of the other groups by comparison of body weight
gains, blood in feces and lesion score.

Long and Johnson reported that the more the number
of immunized oocysts increased, the more the
pathogenicity got severe, in the experiment of Esmeria of
American chickens” : Characteristics of 6 attenuated
strains produced by selection of precocious development.
They reported that the lesion scores(0.2 ~ 22) in the
groups inoculated with the precocious line of E tenella
were milder than those(1.2~3.7) of in the groups inocu-
lated with parent strain. They also reported that the body
weight gains(309 ~ 332g) in the groups inoculated with
the precocious line were higher than those(118~317g) in
the groups inoculated with the parent strain in the 1 X
10°~25X 10* oocysts of inoculum. Kawaguchi et. al. re-
ported that bloody dirarthea appeared between the 3rd
and the 7th day, especially most severe at the 5th day
and oocysts excreted maximun at the 6th day after ino-
culation with the precocious line of E tenella®. They also
reported that the relative body weight gains(81.5 ~
111.9%) in the groups inoculated with the precocious
line were higher than those(46.3~103.7%) in the groups
inoculated with the parent strain in the 5X10~5 X 10
oocysts of inoculum. McDonald et. al. reported that the
lesion scores(0.15~ 0.65) in the groups inoculated with
the precocious line of E tenella were milder than
those(1.57~1.96) of in the groups inoculated with parent
strain. They reported that the body weight gains(136 ~
187g) in the groups inoculated with the precocious line
of E tenella were higher than those(107 ~ 143g) in the
groups inoculated with the parent strain® They also re-
ported that the survival rate(0 ~20%) in the groups in-

oculated with the parent strain of E tenella were higher
than those(0 ~ 3.3%) in the groups inoculated with the
precocious line in the 5X 10°~5X10* oocysts of inocu-
lum. Therefore, they indicated that the precocious line of
Etmeria spp. was less pathogenic than the parent strains.

In these trials of pathogenicity between 7 -irradiated E
tenella and its progeny, the pathogenicity of group immu-
nized with 7 -irradiated E tenella was mildest of any other
groups by comparison of blood in feces, lesion scores, p-
acked cell volume and excreted oocysts in feces. The pa-
thogenicity of groups immunized with the 1st and the 3r-
d passaged E tenella was milder than that of non-irradiate-
d F tenella group. The body weight gain and the feed co-
nversion ratios of group immunized with 7 -irradiated £
tenella were the most of any other groups except control
group. The body weight gains and the feed conversion r-
ation of groups immunized with the 1st and the 3rd pass-
aged E tenella were more than those of non-irradiated F ¢
enella group.

To compare pathogenicity between 7 -irradiated E
tenella and its progeny, we introduced anticoccidial index
to evaluate anticoccidial drugs. The anticoccidial index
of group immunized with 7 -irradiated E tenella was the
most of any other groups except control group. Those of
groups immunized with the 1st and the 3rd passaged E
tenella were more than that of non-irradiated E tenella
group.

It was thought that the pathogenicity of 7 -irradiated E
tenella would be recovered according to increase the num-
ber of generation passaged in chicken.

Summary

A series of experiments on the effects of 7 -irradiation
was performed to reveal the pathogenicity of 7 -irradiate-
d oocysts of E tenella from Cobalt-60 and its progeny. T-
he SPF chickens were inoculated with differnt doses of
radiation and inoculum. The level of 100 Gv 7 -
irradiation from %Co and the level of inoculum with 1X
10* oocysts were recognized more pathogenic than those
of the other groups by comparison of body weight gains,
blood in feces and lesion scores. The signs of blood in
feces, lesion score and the number of excreted oocysts in
the feces were revealed as the lowest in the group of the
¥ -irradiated oocysts, the average in the group of the 1st
and the 3rd progeny, and the highest in the group of



non-irradiated oocysts of E tenelld. The body weight gain
of the group immunized with 7 -irradiated cocysts of £
tenella was higher than those of the non-irradiated, the 1st
and 3rd progeny groups. The body weight gain of the
groups immunized with the Ist and the 3rd progeny of E
tenells were higher than that of the non-irradiated group.
The feed conversion ration of the group immunized with
¥ -irradiated oocysts of E tenella was lower than those of
the non-irradiated, the 1st and the 3rd progeny groups.
The feed conversion ratios of the group immunized with
the 1st and 3rd progeny of 7 -imadiated oocysts were
lower than that of the group infected with non-irradiated
E tenella. The anticoccidial index(ACI 190.6) in the
chickens immunized with the 7 -irradiated oocysts of E #
enella and those(ACI 142.8 and 1074) of the 1st and the
3rd progeny groups were higher than that (ACT 87.4) of
the group infected with non-irradiated E tenella. It was th-
ought that the pathogenicity of 7 -irradiated E tenella wo-
uld be recovered according to increase the number of ge-

neration passaged in chicken.
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