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Introduction

Leucocytozoon caulleryi which is the causa

tive agent of chicken leucocytozoonosis was

discovered by Mathis and Legar (1909a), and

in Japan by Akiba et al. (1958).

After the discovery of epidemic leucocyto

zoonosis in Japan, it was noticed that leuco

cytozoonosis has caused great damage to the

productivity of chickens; namely reduction

of egg production, weight loss or sometimes

cause of death. Akiba et al. (1963) (1964)

(1968) tested pyrimethamine, sulfadimetho-

xine, sulfamonomethoxine and some other

sulfonamides in cases of leucocytozoonosis,

and the usefulness of these drugs was

recognized by marked reduction of its

outbreak. Prophylactic effects of sulfamono

methoxine had been determined by para

sitemia, clinical findings and other methods.

Morii and Kitaoka (1970) reported the re

lationship between age of chickens and the

acquisition of immunity to L. caulleryi.

Morri (1972) suggested a refined method to

determine effectiveness of drugs on L. caul-

leryi infection by monitoring parasitemia

with combination of a serological assessment.

He has shown that serum from chickens at

the early stage of L. caulleryi infection

formed precipitation in agar gel when added
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with serum from chicken in the late stage

of infection.

However, no exact report has ever docu

mented on relationship between effectiveness

of drugs and serological immune response in

L. caulleryi infection. The present study

was conducted in order to investigate the

relationship. During administration of feeds

containing varying concentrations of sulfa

monomethoxine, chickens were inoculated

with sporozoites of L. caulleryi. The pro

duction of serum antigens and antibodies

was measured by a serological test developed

by Morii (1972) besides the coventional moni

toring of parasitemia. The concentration at

which sulfamonomethoxine showed effective

anti-Leucocytozoon caulleryi action is dis

cussed from the interrrelationship among

parasitemia, serum antigens and antibodies.

The concentration of sulfamonomethoxine at

which chickens could gain immunity to L.

caulleryi is also discussed based on the re

sulted observation on parasitemia, antigens

and antibodies after reinfection.

Materials and Methods

Test groups were divided into 10 groups ;

each group was respectively given feed con

taining 10, 20, 30, 40, 50, 75 and 100 ppm

of sulfamonomethoxine, and 250 ppm of clop-

idol for consecutive 29 days from the 2nd

day prior to the sporozoite inoculation.
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Afterwards, they were reared by the feed

without any drug for an experiment of re

infection of L. caulleryi. The infected and

non-infected groups were raised by the feed

without any drug throughout the experi

mental period.

Five 21-day-old male White Leghorn chi

ckens each takes from the 10, 20, 30, 40,

50, 75 and 100 ppm of sulfamonomethoxine

groups, clopidol group, infected group, and

non-infected group were subjected to this

test.

The used strain of L. caulleryi was isolated

from infected chickens in Shizuoka Prefec

ture in July, 1976 and successively cultivated

in the laboratory. Biting midge which sucked

the blood of chicken 21 days after exposed

to L. caulleryi was kept in an incubator at

25 C for 3 days or longer to form sporozoites

for next inoculation. The biting midge with

sporozoites were ground down by a homo-

genizer containing Eagle MEM and chicken

serum was added to suspend sporozoites, and

the adjusted number of the sporozoites was

subjected to this test. The number of sporo

zoites for the first inoculation to the 10, 20,

30, 40, 50, 75 and 100 ppm of sulfamono

methoxine groups, clopidol group, and in

fected group was 2 X102 per chicken and

for the second inoculation 2X103 sporozoites

were intravenously injected.

Peripheral blood smears were prepared by

ordinary methanol fixation followed by

Giemsa staining. L. caulleryi parasites in

the smears were counted under a microscopy

to determine effects of the test drugs.

Presence of serum antigens originating

from the second schizont in the chicken and

the antigen titer were serologically examined

in the serum of 14 days after sporozoites

inoculation. Presence of antibodies and de

velopment of antibody titer were measured

in the sera from chickens 24 days later since

the inoculation of sporozoites.

The presence of antigens and the antigen

titer were measured in the serum of 13 days

after reinoculation of sporozoites and the

presence of antibodies and the antibody titer

in the serum of 23 days later to a com

parative study of effects of the test drugs

on the acquisition of immunity. These tests

were performed by quantitative precipitation

method carried out by Morii (1972).

Sera to be tested had been diluted in

phosphate-buffered physiological saline (pH

7.2) to prepare two fold serial dilutions

starting at 1:2. The titer was expressed

as the reciprocal of the highest antigen on

antibody dilution that had given a difinite

ring precipitation.

Results

Prophylactic effects of sulfamonomethoxine

on L. caulleryi were studied by monitoring

parasitemia and also by immunoserological

test. The practical concentration of sul

famonomethoxine at which survived chickens

produced immunity against reinoculation was

determined.

Table 1 shows the results of parasitemia

in peripheral blood from 14 days after the

first inoculation of sporozoites. Merozoite

and gametocyte were detected and clinical

findings such as anemia and greenish feces

were observed in the 10 and 20 ppm of sul

famonomethoxine groups. Neither merozoite

nor gametocyte was demonstrated in the

chicken groups given higher concentration

of sulfamonomethoxine.

The presence of antigens in the serum of

14 days after the first inoculation of sporo

zoites is shown in Table 1 and the antigen

titer in Fig. 1. Four chickens from the 50

ppm of sulfamonomethoxine group, 1 from

the 40 ppm group and 2 from the 30 ppm

group were negative, while all chickens from

the 10 and 20 ppm of sulfamonomethoxine

groups and the control group were positive.

The 10 ppm of sulfamonomethoxine group

showed antigen titer at 1 : 32 on the average.

However, the titer tended to reduce with

increase of the amount of sulfamonometho

xine added, and no antigen was detected

in the sera from the 75 and 100 ppm of

sulfamonomethoxine groups and the clopidol

group.

The presence of antibodies in the serum

( 8 )
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Fig. 1 Effects of sulfamonomethoxine on the development of antigen and antibody production in

chickens inoculation with Leucocytozoon caulleryi.

Average titers of antigens and antibodies were indicated as geometric means.

24 days after the first inoculation of sporo

zoites is shown in Table 1 and the anti

body titer in Fig. 1. All chickens given 75

and 100 ppm of sulfamonomethoxine, 1 from

the 30 and 50 ppm groups and 4 from the

clopidol group were negative, while all from

the 10, 20 and 40 ppm of sulfamonomethoxine

groups and the control group were positive.

The antibody titer obtained in the 10, 20,

30, 40 and 50 ppm of sulfamonomethoxine

groups were at the similar level to that in

the control group, and the clopidol group

showed a lightly lower titer than that in

the control group. No antibody was de

tected in the 75 and 100 ppm of sulfamono

methoxine groups.

After L. caulleryi disappeared from the

peripheral blood following the first inocula

tion of sporozoites, each group received a

larger number of sporozoites than that in

the first time. The results of parasitemia

in the peripheral blood from the 13th day

after the second inoculation are shown in

Table 1. Neither merozoite nor gametocyte

were observed in the 10, 20, 30 and 40 ppm

of sulfamonomethoxine groups and the con

trol group whose antibodies were positive in

the first inoculation of sporozoites. However,

merozoite and gametocyte were seen in the 75

and 100 ppm of sulfamonomethoxine groups

in which L. caulleryi was completely pre

vented and no antibody was produced.

Table 1 shows the presence of serum anti

gens in the serum on the 13th day after

reinoculation of sporozoites. Fig. 1 shows

development of antigen titer. In the 10,

20, 30 and 40 ppm of sulfamonomethoxine

groups and the control group in which anti

bodies were positive in the first inoculation

of sporozoites, no antigen was observed in

the serum on the 13th day after the reino

culation ; therefore, it is presumed that L.

caulleryi infection with reinoculation of spo

rozoites was not established. The 75 and

100 ppm of sulfamonomethoxine groups in

wThich no antibody was produced by the

first inoculation displayed antigens and in

fection due to reinoculation of sporozoites,

just as parasitemia showed positive with re

inoculation of sporozoites.

The presence of antibodies in the serum

26 days after reinoculation of sporozoites

( 10 )
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is shown in Table 1 and the antibody

titer in Fig. 1. The antibodies in the 10,

20, 30 and 40 ppm of sulfamonomethoxine

groups and the control group have changed

into positive by the first inoculation of spo

rozoites. These groups were given the feeds

without sulfamonomethoxine from the 28th

day after the first inoculation. And fur

thermore, their prolonged antibodies were

detected after the reinoculation of sporozoites.

The second incoulation of sporozoites have

inhibited the infection for chickens with

positive antibodies by the first inoculation

of sporozoites. Therefore, dead chickens

were not detected in these groups. While,

the antibodies were negative in the 75 and

100 ppm of sulfamonomethoxine groups and

the clopidol group even after the first in

oculation of sporozoites. Those groups were

given the feeds without drugs used from the

28th day after the first inoculation. As a

result, the antibodies in those groups have

changed into positive by the second inocula

tion of sporozoites. Dead chickens with in

fection were detected even by the second

inoculation of sporozoites.

Discussion

The relationship between effects of sul

famonomethoxine on L. caulleryi and the

acquisition of Immunity to L. caulleryi was

studied.

Akiba (1968) reported that sulfamonome

thoxine had an prophylactic effect on L.

caulleryi at the level of 50 ppm, however,

the assessment was performed by clinical

findings and parasitemia. The authors stu

died prophylactic effects of sulfamonometho

xine on L. caulleryi using an immunological

method developed by Morii (1972) together

with the above-mentioned methods, and a

slight difference between the present results

and the report by Akiba "was observed.

The present examination was shown that

chickens administered with sulfamonometho

xine were divided into the following three

groups.

1) The 10 and 20 ppm of sulfamonometho

xine groups in which anemia and greenish

feces, parasitemia, serum antigens and anti

bodies were positive, and L. caulleryi in

fection was resisted when challenged by

reinoculation of sporozoites.

2) The 30 and 40 ppm of sulfamonometho

xine groups in which clinical findings and

parasitemia showed negative, serum antigens

and antibodies being positive, and L. caul

leryi infection being prevented reinoculation

of sporozoite was attempted.

3) The 75 and 100 ppm of sulfamonome

thoxine groups in which clinical findings,

parasitemia, serum antigens and antibodies

showed negative, and after reinoculation of

sporozoites clinical findings such as greenish

feces, anemia and parasitemia were posi

tive in occasional death of chickens.

Infection was established by reinoculation

of sporozoites and serum antigens and anti

bodies turned to positive.

In the 30 and 40 ppm of sulfamonome

thoxine groups, parasitemia was not con

firmed, but antigens and antibodies were

observed in serum. It was assumed that

L. caulleryi still localizing in some tissue in

the chicken. It was considered, therefore,

that prophylactic effects of the drug on L.

caulleryi was reasonably measured when the

immunological method was used together

with parasite counting.

The prevention of L. caulleryi infection

will be attained by adding 75 or 100 ppm

of sulfamonomethoxine in the feed but the

chickens do not gain any immunity to this

disease. After withdrawal of sulfamono

methoxine, these chickens should be rein-

fected with L. caulleryi because they have

not acquired immunity. Considering the

possibility of repeating L. caulleryi infec

tions under natural conditions, administration

of 30 or 40 ppm of sulfamonomethoxine is

recommended, from the fact that these

amounts produce immunity to resist the first

inoculation of L. caulleryi and reinoculation

of sporozoites. It will be reasoned to apply

this finding to practical use to produce im

munity of L. caulleryi by drugging.

The produced antibodies persist and in

fection was resisted even when sporozoites
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were inoculated. It is proposed, therefore,

that paralleled assay of protective immunity

which may be reflected by the development

of antibody shown in the present study makes

better estimation of prophylactic effects of

drugs on L. caulleryi.

Onodera has been reported about the blood

concentration of chickens, at the time of

chickens given 0.2% of sulfamonomethoxine

mixed with feed. However, the report on

the relationship between the blood concen

tration and therapeutic effect of each con

centration of sulfamonomethoxine mixed

with feed, using chickens infected with L.

caulleryi is not still published. Therefore,

we are scheduled to study about them.

Summary

No exact report has ever documented on

relationship between effectiveness of drugs

and serological immune response in L. caul

leryi infection. Therefore, to investigate

this relationship, we have conducted the

study as follows.

The 10 and 20 ppm of sulfamonomethoxine

groups in which anemia and greenish feces,

parasitemia, serum antigens and antibodies

were positive, and L. caulleryi infection was

resisted when challenged by the reinocula-

tion of sporozoites.

The 30 and 40 ppm of sulfamonomethoxine

groups in which clinical findings and para

sitemia showed negative and serum antigens

and antibodies being positive, and L. caul

leryi infection was prevented by the rein-

oculation of sporozoites.

The 75 and 100 ppm of sulfamonomethoxine

groups in which clinical findings, parasitemia,

serum antigens and antibodies showed nega

tive, and after the reinoculation of sporo

zoites, clinical findings such as greenish feces,

anemia and parasitemia were positive in

occasional dead of chickens. Therefore, the

infection was established by the reinoculation

of sporozoites. As a result, serum antigens

and antibodies turned to positive.

Thus, the 30 or 40 ppm of sulfamonome

thoxine administration is recommended, from

the fact that these amounts produce im

munity to resist the first inoculation of L.

caulleryi and reinoculation of sporozoites.

It will be reasoned to apply this finding

to practical use to produce immunity of L.

caulleryi by drugging.

The produced antibodies persist and the

infection was resisted even when sporozoites

were inoculated. It is proposed, therefore,

that paralleled assay of protective immunity

which may be reflected by the development

of antibody shown in the present study makes

better estimation of prophylactic effects of

drugs on L. caulleryi.
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Sulfamonomethoxine 0 Leucocytozoon caulleryi

a

HICO Leucocytozoon caulleryi (&CF L. c.) S

"i^Rj ^ fi> pyrimethamine, sulfadimethoxine, sul

famonomethoxine ^

colt

sporozite

schizont

L.c. 1976^7^,

, sulfamonomethoxine (SMM) 10, 20,

30, 40, 50, 75, 100 ppm, Clopidol (cp) 250 ppm CO

sporozoite 29

Eagle MEM f fc sporozoite

Sprozoite, ^[11^8^14 0 g frb<Os<y v-r ^ Tft,

SMM 10, 20 ppm gfTte merozoite fcj;(/ gameto-

cyte ^t^ffi^ti, »jfiL, Itil!^ CO [gj^Bff^^If^^tL

fc. SMM, 30, 40, 50, 75, 100 ppm ||T[i merozoite,

gametocyte <9ffi3g£fg&fravofc.

Sporozoite, ^InlSS^^StK^, SMM 50 ppm |$

•C« 4/5 3E, 40 ppm p« 1/5 35, 30 ppm |$« 2/5 m

e, 10, 20pmm p, ;^J$i¥

V^T«, SMM lOppm

s SMM 75, 100 ppm ^Jppi: Cp

Sporozoite tylMW^ik, 24 0 g <

SMM 75, lOOppm pft, ^^Jd^ttT-feo^ds Cp

l¥« 4/5 m^m'\^, SMM 30, 50 ppm p« 1/5 Miflfe

fe 10, 20, 40ppm S^*^fi8l¥^*3V^T»^W^tt

/c. SMM 10, 20, 30,40, 50ppm ffiVfo, MM

sporozoite

CO sporozoite

20, 30, 40ppm

*5it^ gametocyte

b, 75,

^fl^j:p, merozoite

tilt.

%]\B}(D sporozoite

10, 20, 30, 40ppm

13

sporozoite

, cP

SMM 75, 100 ppm

sporozoite 2X108

SMM 10,

, merozoite

fc L.c.

, sporozoite

gametocyte

:&ofc SMM

SMM 75, lOOppm

Sporozoite ^0^®^ X D ijiPf £ }M$L b fc SMM

10, 20, 30, 40 ppm j$,

^oTV^/c^, SMM 75, lOOppm |$, Cp

sporozoite ?mffl%<Of88kfo£ V M&Ztl

Itobtltt. $.fc, ^J@CO sporozoite gffi ^ J:

^^^tL^^^o/c SMM 75, lOOppm pT*li, sporo

zoite ^SS#
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