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ABSTRACT 

Zivkovi~, D., Speksnijder, J.E., Kuil, H. and Seinen, W., 1984. 
Immunity to Babesia in mice. II. Cross protection between 
various Babesia and Plasmodium species and its relevance to 
the nature of Babesia immunity. Vet. Immunol. Immunopathol., 5: 
359-368. 

Mice immunized against B.rodhaini by means of a drug-controlled 
infection were subsequently resistant to infection with B°microti 
and B.ratti. In the reciprocal experiments the protection against 
B.rodhaini was less effective. B.rodhaini immunized mice were also 
considerably protected against P.vinckei infection, whereas pro- 
tection against P.berqhei did not occur. Antibody determinations 
indicated that the heterologous protection cannot be explained by 
the occurrence of cross-reacting antibodies. Because of similari- 
ty with the non-specific suppression of babesiosis in BCG-infected 
mice, the same effector mechanism is postulated to explain the 
infection-induced homologous and heterologous protection. Unlike 
non-specifically induced protection, the induction of acquired 
resistance by means of a drug-controlled B.rodhaini infection is 
thymus-dependent. 

INTRODUCTION 

After a natural or drug-cured infection of mice with Babesia 

parasites, the animals are protected against reinfection with the 

same parasite, but a considerable protection against the heterolo- 

gous Babesia parasites is also observed (Cox and Young, ]969; Cox 

1970). Cross protection against some Plasmodium species such as 

P.vinckei and P.chabaudi is also reported by Cox (1970, 1978) 

whereas resistance to other Plasmodium species such as P.b_eer~hei 

and P.yooeli___i is not increased by a previous immunization against 

Babesia. Common antigenic determinants of the Babesia and Plasmo- 

dium species are suggested (Cox, 1970, 1972) to play a role in the 

cross-protection. However, cross-reacting antibody titers were low 

(Cox and Turner, 1970) or could not be detected (Cox, 1978). This 

suggests that non-specific factors may also be involved in cross- 
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protection. 

Non-specific factors are also indicated because it was found 

that mice were protected against Babesia and Plasmodium infections 

by tretreatment with many different micro-organisms such as Bacil- 

lus Calmette-Guerin (BCG) (Clark et al., 1976), Cor~nebacterium 

parvum (Clark et al., 1977a) , Brucella abortus $19 (Herod eta]., 

1978), Salmonella enteriditis 11 RX (Clark, 1979b) and also by a 

variety of aoents like Coxiella burnetti extract (Clark, 1979a) , 

cord factor, zymosan, glucan and chloride-oxidized oxyamylose 

(COAM) (Clark, 1979b). 

It seems very unlikely that this range of agents shares a protec- 

tive antigen with babesial and plasmodial parasites. 

In this article the role of specific and non-specific factors 

in the induction and effector phase of the infection-induced re- 

sistance against haemoprotozoa in mice is investigated. 

MATERIALS AND METHODS 

Experimental animals 

Balb/c strain mice were bred at the Department of Tropical 

Veterinary Medicine and Protozoology, University of Utrecht. Homo- 

zygous nude mice of the BIoLP strain and their heterozvgous litter 

mates were obtained from the central institute for breeding of 

laboratory animals, T.N.O., Zeist, The Netherlands. 

Animals were 6-8 weeks old when the experiments were initiated. 

Mostly females were used, but sex did not appear to effect the 

outcome. On several occasions mice were splenectomized to confirm 

that they were free of haemoparasites. 

Protozoa 

Strains of the following species were stored in liquid nitrogen 

as a 50% dilution of parasitized blood in RPMI containing 8% di- 

methylsulfoxide, or passaged by blood-induced infection: B.rod- 

haini (Antwerp strain); B.microti (Munich strain); B.ratti, isol- 

ated from Arvicanthus niloticus in Nigeria, donated by Dr. P. 

Leeflang. This parasite was identified as B.ratti by P.C.C. Garn- 

ham and J.M. Bafort (pers.comm. Dr. Leeflang) and is probably 

identical to B.ratti found in Arvicanthus zebra and Arvicanthus 

abyssinic~s (Levine, 1971); Plasmodium berghei (Anka strain) and 
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P.vinckei (isolate V52 from Zaire). 

To initiate experimental infections a stabilate of known in- 

fectivity or blood from mice with a rising parasitaemia was used. 

All injections were given intraperitoneally (i.p.). The course of 

the parasitaemia was monitored by examining Giemsa-stained thin 

blood smears. Parasitaemias were expressed as the percentage of 

erythrocytes infected. 

Immunization procedure 

Balb/c mice were immunized against B.rodhaini by a method 

described previously (Zivkovi~ et al., 1983). 

Immunity against B.microti and B.ratti was achieved after a 

blood-induced infection with these parasites. One month after a 

primary inoculation, when no parasites were detectable in the 

blood smear, the animals received a single i.p. dose of 24 mg 

amicarbalide/kg (Pirodia, SPECIA, Paris, France). After splenect- 

omy these animals remained free from haemoparasites. 

Antibody detection 

In B.rodhaini and B.microti immunized mice, antibody levels 

were detected by an indirect fluorescent antibody method as de- 

veloped by Voller (1964) and modified by Leeflang and Peri@ (1972). 

In this test FITC-conjugated rabbit IgG directed against mouse 

IgG was used (Nordic Immunological Laboratories, The Netherlands). 

Experimental procedure 

Three weeks after the last amicarbalide injection, the immune 

animals together with naive controls were challenged with homolo- 

gous and heterologous parasite species and the course of infection 

was compared mutually. 

For challenge with B.rodhaini , B.microti, P.berghei and P. 

vinckei, 0.1 ml parasitized fresh blood diluted 1:10 with PBS 

(5xi06 parasitized re~ blood cells) was injected i.p. For B.ratti 

challenge, 0.1 ml undiluted fresh blood was used because of the 

low level of parasitaemia (2%). The prepatency period, time of 

patency, level of parasitaemia, mortality and time of death were 

used as criteria for cross-protection. Infection studies in nude 

mice were carried out to determine the thymus dependency of the 

immunity acquired by drug-attenuated infection. Since the nude 
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mice were of the BIoLP strain, the course of B.rodhaini infection 

was compared with BIoLP nu/nu, BIoLP nu/+ and Balb/c mice, 

treated and non-treated with amicarbalide. 

RESULTS 

Cross-protection between various Babesia strains 

Immunization of mice against Babesia by the described procedure 

induced a considerable degree of protection against challenge 

infections with the homologous parasites (Tables I, II and III). 

Also a considerable degree of heterologous immunity was establish- 

ed. B.rodhaini immunized mice were protected against challenge 

with the other Babesia and the course of infection was very simi- 

lar to the animals immunized homologously. Full protection against 

B.microti was noted in the B.ratti immunized mice (Table II). In 

the reciprocal experiment the protection was less complete (Table 

III). Against B.rodhaini, which is always lethal in naive mice, 

the protection induced by B.ratti and B.microti was incomplete 

(Table I). The fatal cases displayed the same course of B.rodhaini 

infection as in the naive controls, whereas the survivors develop- 

ed a prolonged low grade parasitaemia. 

TABLE I 

B.rodhaini infection in mice immunized with various Babesia 

s p e c i e s ,  a 

Irmmmizing Prepatency Patency Peak para- Morta- Time of 
infection (days) (days) sitaemia (%) lity death(days) 

B. rodhaini 8.0 ± 0.2 9.4 ± 0.9 < I% 0/6 - 
B.microti 7.5 ± 3.0 25.2 ± 5.8 12.6 _+ 16.1 b I/6 12 
B.ratti 7.7 ± 1.9 20.3 _+ 1.2 35.4 ± 8.0 c 3/6 13.0 ± 0 
none 7.2 ± 0.4 - 46.9 ± 8.0 6/6 14.3 ± 0.5 

a. The parameters of infection are expressed as mean values ± SD 
of 6 animals per group. 

b. Mean highest parasitaemia of the 5 survivors was 6.5 ± 5.3%. 
c. Mean highest parasitaemia level of the 3 survivors was 

1.1 ± 1.7%. 



TABLE II 

B.microti infection in mice immunized with various Babesia 
a 

species. 
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Immunizing Prepatency Patency Peak parasit- Mortality rate 
infection (days) (days) a~mia (%) 

B.microti 2.8 ± 1.6 >30 1.3 ± 0.2 0/6 
B.ratti 5.2 ± 1.9 25.8 ±3.5 0.6 ± 0.4 0/6 
B. rodhaini 4.2 ± 3.8 730 0.5 ± 0.6 0/6 
none 4.0 ± 0 >30 19.5 ± 15.3 0/6 

a Parameters of infection are expressed as mean values ± SD of 
6 animals per group. 

TABLE III 

B.ratti infection in mice immunized with various Babesia 
a 

species. 

Inmmnizing Prepatency Patency Peak parasit- Mortality rate 
infection (days) (days) aemia (%) 

B.ratti 6.2 ± 2.4 25.0 ± 1.1 1.2 ± 0.2 0/6 
B.microti 8.0 ± 4.2 ~ 30 5.4 ± 4.1 0/6 
B.rodhaini 8.2 ± 0.8 730 0.3 ± 0.1 0/6 
none 7.2 ± 1.2 730 8.0 ± 1.0 0/6 

a Parameters of infection are expressed as mean values ± SD of 
6 animals per group. 

Protection of B.rodhaini immunized mice against P.vinckei and 

P.berghei 

Protection against P.vinckei was noted in 5 out of 8 B.rodhaini 

immunized mice (Table IV). The survivors developed parasitaemias 

which never exceeded the I% level. The non-survivors showed a 

course of infection comparable to the non-immunized controls. 

Protection against P.berghei did not occur in B.rodhaini immunized 

mice. In comparison with the naive control animals the survival 

time of B.rodhaini immunized mice was even shorter (p < 0.001). 
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TABLE IV 
a 

Plasmodium infection in mice immunized with B.rodhaini. 

I~munizing Prepatency Peak parasit- Mortality Time of death 
infection (days) aemia (%) rate (days) 

P. berghei 
B.rodhaini 2.0 ± 0 47.7 + 3.8 6/6 18.4 _+ 1.3 
none 3.6 ± 2.3 61.8 ± 11.0 6/6 24.8 _+ 0.4 

P. vJ~ckei 
B. rodhaini 3.8 ± 2.5 64.7 _+ 16.2 b 3/8 7 _+ I 
none 2.8 _+ 1.8 67.8 ± 21.4 8/8 9.1 ± 2.6 

a The parameters of infection are expressed as mean values ± SD 
of 6-8 animals per group. 

b The parasitaemia of the 5 survivors remained below I%. 

Cross-reacting antibodies a~ginst B.rodhaini and B.microti 

After primary infection with B.rodhaini and B.microti, mice 

developed antibody titers against the homologous parasite up to 

levels of 1:5120. However, a cross-reacting antibody response to 

the heterologous parasite did not occur. 

In Babesia immunized mice a challenge infection with a hetero- 

logous Babesia strain never induced an anamnestic response. The 

antibody responses against B.rodhaini in naive and B.microti immu- 

nized mice were the same (Fig.l). The titers against B.microti 

in B.rodhaini immunized mice were even lower than in the naive 

controls (Fig. 2). 

During the reciprocal infections with B.rodhaini in B.microti 

immunized mice and B.microti in B.rodhaini immunized mice the 

antibody titers against the immunizing parasite did not rise above 

the levels present at the time of challenge. 

B.rodhaini infection in nude mice 

Upon a primary infection with a stabilate, dilution 1:10, of 

B.rodhaini, B]0LP nu/nu, BIoLP nu/+ and Balb/c mice developed a 

comparable parasitaemia which was fatal within 10-12 days after 

infection. Amicarbalide treatment decreased the level of parasit- 

aemia in all animals. One injection of 12 mg/kg body weight at day 

8 enabled BIoLP no/+ and Balb/c mice to survive the infection. 

These animals were protected against challenge infection. However, 

in BIoLP nu/nu mice amicarbalide treatment only induced a 
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Fiq.1. Antibody response to B.rodhaini in naive or B.microti 
immunized Balb/c mice. The columns represent the mean 12~og 
titer value ± SD of 8 mice. In the naive control group only 4 ani- 
mals were present on day 12, 3 animals at day 16 and all animals 
were dead at day 20. 
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Fig.2. Antibody response to B.microti in naive or B.rodhaini 
immunized Balb/c mice. The columns represent the mean~log ' titer 
value ± SD of 8 animals. 
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transient decrease of parasitaemia, but could not prevent recru- 

descence and death. Repeated treatment further diminished the 

level of parasitaemia, delayed mortality, but could not prevent 

it. In spite of chemotherapy the course of a B.rodhaini infection 

in BIoLP nu/nu mice was always fatal. Even prolonged amicarbalide 

treatment (twice a week 24 mg/kg) could not clear B.rodhaini from 

the nude mice. 

DISCUSSION 

Cross-protection between B.rodhaini and B.microti was esta- 

blished by Cox (1970) and the results from the present study con- 

firm these data. B.rodhaini immunized mice were completely resis- 

tant to the other Babesia species tested. 

In the reciprocal experiments protection against B.rodhaini 

was less complete. Immunization of mice with B.ratti was least 

effective against B.rodhaini. Also B.microti immunized mice were 

not completely protected against B.rodhaini infection. Immuniza- 

tion of mice with B.ratti induced full protection against B.micro- 

ti, whereas B.microti immunized animals were only slightly pro- 

tected against B.ratti. Although the course of infection of B.rat- 

ti and B.microti display great similarity, the difference in cross 

protection and the fact that the two parasites were originally 

isolated from different host species, one in Africa and the other 

in Europe, argue for two species. It is remarkable that a compara- 

ble heterologous protection also exists in mice following 

pre-treatment with living Mycobacterium bovis (BCG) (Clark et al. , 

1976) or killed Cor~nebacterium parvum (Clark et al. , 1977a) . 

The cross-protection between the Babesia species may be explain 

ed in terms of similarity of antigenic determinants of the various 

parasites. However, the absence of cross-reacting antibody anam- 

nestic response after heterologous challenge militates againstthis 

hypothesis. 

An alternative explanation for the observed cross-protection 

may be a non-specific effector mechanism against piroplasms as 

originally described by Clark and co-workers (1976) in BCG-infect- 

ed mice. They argued that resistance to Babesia and Plasmodium 

species that follows treatment with BCG is brought about by a 

soluble macrophage-derived mediator (Clark et al., 1976; 1977b) . 

Whatever may be the mode of action of the non-specific mechan- 
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ism(s) by which BCG and the agents mentioned in the introduction 

protect against Babesia infections, evidence has been provided 

that the final effector mechanisms may be the same in both natural 

recovery and non-specific protection (Clark et al., 1977b,c). 

Further evidence for a common effector mechanism is provided by 

the pattern of protection against P.vinckei and P.berghei. We 

observed protection against P.v~ncke_____i but not against P.berghei 

in B.rodhaini immunized mice. The same pattern of protection was 

noted in mice following pretreatment with living Mycobacterium 

bovis (BCG) (Clark et al., 1976) or killed C orynebacterium parvum 

(Clark et al., 1977a). 

The specific and the non-specific protection have more charac- 

teristics in common. Protection, induced by both a drug cured 

B.rodhaini infection (Zivkovid et al., 1983) and by BCG treatment 

(Clark et al., 1977b) are insensitive to total body irradiation 

and cyclophosphamide treatment but are sensitive to corticoster- 

oids. 

Whereas the effector mechanism in Babesia eradication may be 

the same in infection-induced and non-specific protection, the 

induction of the protection mechanism is different. A non-specific 

protection against B.microti could be obtained with BCG both in 

T-cell deprived, thymectomized mice and athymic nude mice (Clark 

et al., 1977b) whereas the infection-induced protection against 

B.rodhaini infection in BIoLP nu/nu mice was always lethal in 

spite of intensive chemotherapeutic treatment with amicarbalide. 

We conclude that for the induction of resistance against Babe- 

sia and Plasmodium species in mice a specific immune response 

is required, but for the parasite clearance non-specific immune 

mechanisms probably play an important role. 
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