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In Japan the paras1t1sm of Theileria on the 
cattle was discovered in an apparently healthy 
animal for the first time in 1905, and that of 
Babesia in a diseased animal in Kyushu district 
in 1909. 11> As mixed infection with Babesia 
and Theileria was common in Japan, babesiosis 
and theileriosis have collectively been called 
piroplasmosis. Before World War II, piroplas
mosis had been considered to be due to Babes-ia. 
Theileria, a fellow of mixed infection, was 
altogether out of the question being regarded 
as a nonpathogenic organism. 11> After the war, 
systematic studies, however, have been carried 
out on the theileriosis, because it occurred in 
connection with malnutrition of cattle in various 
places throughout this country. And many facts 
have been made clear about this disease. 6, 7) 

Studies have also been made on the fellows of 
mixed infection of this disease, Babes-ia, Ana
ptasma, Eperythrozoon4> and Grahamella, 
etc., as to the species, pathogenicity, interrela
tion among them, and so on, elucidating step 
by step the anemic diseases of pastured cattle. 
The infectivity of Theiler-ia was so high that 
80-100 per cent of cattle were infected with it 
and about 20 per cent of the infected animals 
manifested the symptoms of theileriosis in many 
stock-farms. 3, 5) It was thought that Babesia 
and Anaplasma, etc., were involved in the 
cause of death. 

Species of Theileria 
Theileria in Japan has been considered, 

without detailed investigations to be Th. mutans 
or its relative,2, 3,6.s, 10.11) though there were some 
different opinions on its identification. The 
author and his co-workers studied its patho· 
genicity 6) and tick vector,7> and discovered 

that the Japanese species was stronger in patho· 
enicity than Th. mutans. They also compared 
Theileria sp. in Japan (Japanese strain) with 
two other strains. African and Australian, by 
artificial infection of Holstein-Friesian calves of 
Japanese birth with those strains. The African 
strain was Th. mutans obtained through the 
kindness of Dr. W .O. Neitz, and the Australian 
strain was Theileria sp. which had been 
maintained by passage through the blood. Its 
origin was one of the cattle in quarantine for 
import from Australia . 

The Japanese strain of Theileria was carried 
by the ticks of both parthenogenetic and bisexual 
generations of H aemaphysalis neumanni in the 
way of stage to stage, but not transmitted to the 
larva of the next yenyration. Neither H . 
neumcmni nor Boophilus microplus was the 
vector of the Australian strain. The results of 
experiments on the tick vector of Piroplasma are 
summarized in Fig. 2. 

Koch bodies could not be detected in the 
lymphatic gland of splenectomized calves after 
their infection with each of the three strains of 
Theileria. In case of artificial infection by the 
tick, remittent fever of 41 °-42°C continued for 
several days till the time just before the ap
pearance of protozoa in the circulating blood. 
The normal temperature of the body was 
recovered, when the protozoa appeared. The in
fected animal, however, became feverish again, 
when the protozoa increased in number in the 
blood. In case splenectomized calves were in
fected with the Australian or Japanese strain, 
the protozoa was parasitic in 40-70 per cent of 
the red blood corpuscles. The parasitic rate, 
however, never rose above 20 per cent when 
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Fig. 1. Theileria, Babesia and Anaplasma in blood 
smears stained with Giemsa solut ion in calves. 

1. Tlzeileria s p. (Japanese strain), sple nectomized 
calf, x 2, 000. 

2. Theileria sp. (Japanese strain) , X 3,000. 
:1. Babesi<l sp. ( Japanese strain) , s plenectomized 

calf, X 2,000. 
4. Babesia sp. (Japanese strain), X 750. 
5. Anaplasma marginale (Okinawan strain), 

Splenectomized calf, X 3. 000. 
6. AnaPlasma centrale (Japanese stra.in), 

splenectomized calf, x 2,000. 

they were infected with the African strain. 
The protozoa had a complicated structure, but 
there was no morphological difference among 
the three strains in case a small number of the 
organisms were found in the blood. The 
protozoa was always observed in the circulating 
blood of calves in case they were infected with 
the Japanese strain of Theileria, while it was 
difficult to detect the organism in the cattle 
tolerant of the African strain . Such a tolerant 
animal manifested symptoms characteristic of 
the Japanese strain after cross infection with it 
as shown in Fig. 2 and thereafter the protozoa 
could be detected in the circulating blood. 

The African strain did not show any change 
in pathogenicity after seven passage generations 
through calves during seven years, and was 
the weakest in this character among the three 
strains (Table 1 ). The Australian strain mani
fested the symptoms in splenectomized calves 
as the Japanese strain did, but nearly no 
symptoms in non-splenectomize<l animals. The 
Japanese strain manifested the symptoms slightly 
even ill non-splenectomized calves, though 
icterus was slight and hemoglobinuria has never 
been observed even in seriously attacked 

splenectomized animals. However, there were 
some cases of death due to icterus, when the 
animals were infected artificiaJly, or naturally 
in the field, with Babesw and Anaptasma, 
etc., in addition to Theileria. It was thought 
that the difference of protozoa in virulence was 
due to the difference of multiplication among 
the strains. 

From the above·mentioned facts, it was con· 
sidered that the Japanese strain was different 
from Th. mutans, and resembled Theileria 
sergentz Yakimoff and Dekhtereff, mentioned 
in the 1930 literature. The author received Th. 
sergenli being c,trried by the tick (I-l. neu
manni) from the USSR, and after comparing 
it with the Japanese strain in 1967, obtained 
the result that they resembled each other in many 
biological characters (unpublished) . 

Species of Babesia 
Till recently, it has been thought that Babesia 

in Formosa, Okinawa, Korea and Japan are only 
different strains of the same species, Babesia. 
bigemina, respectively, being transmitted by the 
tick of Boof>hilus.s) And it was also reported 
that there was a developmental stage showing a 
Babesia type in the life cycle of Theileria. 
The author and his co-workers found that 
Babesia in Kyushu could not be carried by 
Boop_ microptu.s, and have reexamined Babesia 
iJ1 Japan since 1957 paying their attention further 
to the fact that mixed infection with Theil eri a 
and Babesia occurred in the area where 
Boo phi! us was never distributed. 

The author succeeded in passage of isolated 
Babesia through blood by appl ication of pama· 
quine, a protozoacide, though it had been said 
that Babesict could not be isolated from T heileria 
by the passage through blooc\. ll) He also proved 
experimentally that Babesia in Japan was trans· 
mitted by H. neumanni to the larva of the 
next generation and the larva thus became the 
vector of the protozoa. As the larvae and adults 
of this tick were vectors of Theileria, the reason 
of mixed infection with both kinds of protozoa 
also became clear. It was also shown that there 
was an inhibition phenomenon between Babesia 
and Theileria, and multiplication of the former 
was inhibited by the latter. This phenomenon 
explained the reason why the detection rate of 
Ba,besia was low and babesiosis was correspond· 
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Rhipicephalus 
* R. appendiculatus 

Ixodes 
I. nipponens is 
I. pers1tlcatus 
I. japonens is 

Haemaphysalis 
* H. neumanni 

(USSR strain) 
H. neumanni 

(bisexual race) 
H. neumanni 

H.flava 
H. apponomo ides 
H. cornigera 
H. companulata 
H. concinna 
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B. microplus 

( Japanese strain) 
* B. microplus 

(Okinawan strain ) 
* B. microplus 

(Formosan strain) 

Dermacenter 
D. reticulatus 

Amblyonma 
A. testudinarium 

* Species are not present in Japan. 

* Theileria mittans 
( African strain ) 

* Theileria sergenti 
(USSR strain ) 

* Theileria sp. 
(Japanese strain ) 

* Theileria .sp. 
(Korean strain ) 

* Theileria sp. 
(Australian strain ) 

*Babes ia sp. 
(Ja panese strain ) 

* Babesia bigemina 
(Okinawan strain) 

*Babesia bigemina 
(Formosan strain) 

* Babes ia sp. 
(Korean strain ) 

: Ticks are vector of piroplasma. 

- - - - : Ticks are not vector of piroplasma. 

------- : Ticks may not be vector of piroplasma. 
in author's experiments. 

No line : Not yet examined. 

Fig. 2. Vectors in Theileriosis and Babesiosis 
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Table 1, Clinical manifestations and changes of peripheral 

blood in calves infected with Theileria. 
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Table 2. Interference between Babesia and Theileria 

Babesia alone 

Babesia, Theileria 

Babes ia alone 

Babesia, Theileria 

Maximum No. of Babesia 
(per l mm 3) 

101 10• 10' 10• 10' 106 

1-

4 13 
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2 

l 

5 

1 
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Table 3. Clinical manifestations and changes of peripheral 

blood in cattle infected with Babcsia. 
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Table 4. Cross immunization experiment 

Findings after primary inoculation Findings after secondary inoculation 

-
Babesia Clinical Japanese strain Formosan strain 

·-min Cattle No. 

I I in blood changes Babesia in Clinical Babesia in Clinical 
St 
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---
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0 212 +++ ++ - -E .... 214 +++ + + ± 0 
t.L.. 230 ++ ++++ ± -.,__, 

232 ++++ ++++ ± -
236 ++ ++ ++++ + -

Comment : Signs of degree (++++-+) are the same as that in Table 3. 

ingly slight in pastured cattle (Table 2) . It, 
however, is certain that mixed infection with 
Babesia and Anaplasma, etc. , induces thei
leriosis and raises the death rate of cattle in the 
field. This is shown by the high mortality of 
animals artificially infected with a mixture of 
the three kinds of protozoa. 

The Japanese species maintained by us could 
not be carried by Boof>. microplus, while Boop. 
microj>lus collected in Formosa, Okinawa and 
Kyushu were the vector of B. bigemina from 
Formosa and Okinawa, and H. nei,manni was 
not its vector. 

The Japanese species cannot be morpholo· 
gically discriminated from B . bigemina. The 
former was a little . weaker in pathogenicity, but 
their difference was not essential. Both of them 
manifested the symptoms in adult cattle and 
splenectomized calves of the first infection. The 
symptoms were manifested when the number of 
protozoa was more than 10' per mm• of the 
blood. And hemoglobinuria was mostly observed, 
when the number was over 10• per mm' (Table 3). 

There are different opinions on the identifica· 
tion of protozoan species by cross immunization 
and by their vectors.12. L3) It was shown by the 
author's experiment that cross immunization was 
not effected between B. bigemina and the 
Japanese species. And the cattle irmnunized 
from the former manifested the symptoms 
characteristic of the Japanese species after the 
infection with it, though the manifestation was 
somewhat slight (Table 4) . In case of reinfec· 
tion with the same species of protozoa, nearly 
no symptom was observed irrespective of the 
appearance of organism in the blood. The author 
is planning to make identification of the Japanese 
species after completing its serological investiga· 
tions. All the Babesia which were brought in 
our passage from Japanese cattle have been 
thought to belong to the same species. It, 
however, is probable that B. bigemina and B. 
argentia, etc., distribute to some extent in 
Japan, because this country has been importing 
cattle for a long time. But it seems that the 
distribution is narrow and the contamination with 
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them is slight, if ever. 
Protozoacide 
Since 1948 when the effect of pamaquin, a 

chemical of 8-aminoquinoline compounds, on the 
erythrocytic stage of Theileria in Japan was 
reported, 6) pamaq uin and primaq uin have been 
in wide use. In general, these chemicals must 
be used continuously to be effective. Pamaquine 
oil, which contains 20 per cent of olive oil, 
however, has an immediate effect at the first 
intramuscular injection of 1-2 ml dose. Oc· 
currence of the strains of protozoa resistant to 
chemicals has come into question recently. 
Injection of diazoaminedibenzamidine, a babesia · 
cide, at a large dose (6-9 mg per kg of body 
weight) is efficacious against the strain resistant 
to 8-aminoquinoline, though it is slow in its 
effect. 4-aminoquinoline compounds, pyrimet· 
hamine and some antibiotics, as aureomycin, are 
effective to some extent for preventing infection 
with Theileria, but they are not in practical 
use. Pamaquine oil also had nearly no effect 
on the tropical theileriosis caused by Th. 
annulata, though tests were carried out at the 
request of the author in Iran (unpublished) . 

There are reports that trypaflavin works well 
on babesiosis in Okinawa and also ichthargan 
on piroplasmosis. These chemicals, however, 
are only efficacious against Babesia, and not 
against Theileria at all. Symptomatic treat· 
ments are necessary for curing piroplasmosis, 
and transfusion of blood is effective for malignant 
anemia of cattle. 15) 

Prevention 
BHC and low poisonous organophosphorous 

chemicals are in use to rid the pasture land of 
ticks. For this purpose dusting of chemicals 
from helicopters and fumjgation are practiced 
experimentally. It, however, is difficult technical· 
ly as well as commercially to exterminate ticks 
in a wide area of meadow.The direct sprinkling 
of chemicals on the body of cattle is effective to 
kill the tick of BooPhilus which, live all their 
lives on a single individual and are referred to 
as one-host ticks, but is less effective to extermi· 
nate the other kinds of t icks which feed on an· 
other animal every time and are referred to as 
three-host ticks. 
P lunge dip is not practiced, as animals of a herd 
are small in number at present in Japan. 

When the use of pasture land is suspended for 
1-2 years, ticks carrying Theileria move to 
some other domestic animals other than cattle 
and wild animals, as mice and hares, etc., and 
are parasitic on them, not being prevented from 
developing and propagating. Adult ticks thus 
lay eggs and larvae develop from the eggs. H. 
neumanni does not transmit Theileria to the 
next generation through the egg, so examination 
of the newly hatched larvae for detection of the 
protozoa always gives negative results. The 
ticks, even if they inhabit the land after the 
suspension of pasture, thus cannot be the origin 
of infection as far as Theileria is concerned. 
According to the experiment carried out in a 
pasture land which had been contaminated with 
T heileriet before the suspension, the cattle 
pastured after it could be prevented from in· 
fection with the protozoa, while all the anjmals 
pastured in the ad jacent lot were infected with 
the organism. 

In some parts of this country, immunization 
by artificial infection is practiced for the cattle 
to be pastured seasonally in such contaminated 
land as the infection rate of Theileria is 100 
per cent and high in the incidence and death 
rates. There are two ways for the immunization 
of cattle. One is artifical infection of cattle 
reared in stables by inoculating blood of already 
infected animals into them, and the other is 
natural infection of the animals by a short time 
pasture in the preceding autumn. The latter 
seems to be higher in preventive effect, because 
the animals will have an opportunity to be 
infected with viruses and other parasites and 
immunized against them. In an area of mixed 
infection with Babesia and Anapletsma, etc., 
in addition to Theil eria, the effect of artificial 
infection is also increased by simultaneous im
munization against them. 

For immunization of cattle against theileriosis, 
it is necessary that the protozoa increases in 
number to a certain extent in the body of the 
cattle after the infection. Infection alone is 
insufficient for immunization. The blood neces· 
sary for systematic practice of artificial infection 
is stored at - 80°C after freezing by the simple 
qujck freezing method of Ishihara and supplied 
in case of need. The hematozoon can be stored 
by the author's method for 3 years. It, however, 
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is desirable to make studies of more advanced 
immunological preventive methods such as im· 
munization with X·rayed living protozoa or dead 
one. 

The protozoa of Theileria can be detected 
by examination of blood smear, but this method 
is hardly applied to demonstrate Babesia. When 
young calves are infected with Babesia, they 
become tolerant of it before the breeder is aware. 
To detect Babesia in such tolerant cattle, it is 
recommended to inoculate their blood, bone-mar· 
row fluid and homogenate of spleen into splenec· 
tomized calves. The detection rate can be raised 
by injection of pamaquin which inhibits multi· 
plication of Theileria, when the tolerant animals 
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1'heileria sp. (Japanese strain) 
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