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Exper imenta l infections of Plasmodium yoelii 
nigeriensis in mice and rats, and hosts' reactions 

A . F. F A G B E N R O - B E Y I O K U * A N D J . P. O . O Y E R I N D E 
Department of Medical Microbiology and Parasitology College of Medicine, University of Lagos, I*MB 12003, 

Lagos, Nigeria 

S u m m a r y 

In invest igat ions i n to the course of infection of 
Plasmodium yoelii nigeriensis in rats and mice, 
it w a s found that adult mice, baby mice and 
baby rats w e r e suscept ib le to the infect ion, 
while adul t rats w e r e totally refract ive. T h e 
infect ion was rapidly fatal in baby and adult 
mice but w a s main ta ined with a low para-
s i taemia a n d to le ra ted by baby rats until the 
an imals were 7 weeks o ld , a f t e r which they 
e rad ica ted the infect ion total ly. 

A l t h o u g h the adul t ra ts did not exhibit any 
p a r a s i t a e m i a , t he re was a decrease in their 
haemog lob in and packed cell vo lume values. In 
adul t mice , the haemoglob in and packed cell 
vo lume va lues w e r e found to decrease with the 
increase in pa ras i t aemia . 

Resume 

Des invest igat ions sur l ' infcstiositd du Plas-
modium yoelii nigeriensis ont mon t r e que Ies 
souris adu l tcs et j e u n c s ct les rats j cunes sont 
suscept ibles alors que les rats adul tes ne sont 
pas suscept ibles . N c a n m o i n s , t and isque I 'infec-
tion est r a p i d e m e n t fa ta le chez les souris 
adul tes et j c u n e s la i m u n e infect ious est suppor-
tee avec u n e paras i t emic minimale chez les rats 
j cunes j u s q u ' a Page de sept semaines suivant 
lequel I ' infection est c o m p l e m e n t e l iminee . 

Malgre q u e les rats adu l tes n 'avaient pas 
d e m o n t r e une paras i t emic il y avait u n e baisse 
de la concen t ra t ion dc Themoglobinc ct de 
Thematic . D a n s les souris adul tes le taux de 
Themoglobinc et de Themat ic etai t t rouvd 
ebaisse en propor t ion universe que la para-
sitemic. 

'To whom correspondence should be addressed. 

Introduction 

In routine passage of stock Plasmodium yoelii 
nigeriensis into micc, it was observed that f rom 
day 8 post-infection the animals s tar ted to die 
as a result of the infect ion, depend ing on the 
dose of challenge parasi te . 

The course of infection for many species of 
malaria parasi tes has been s tudied . Plasmo-
dium chabaudi was found to have a prepa ten t 
period of 48 h in the blood of Swiss T O mice, 
with any dea ths occurring be tween days 8 and 
17 [1]. In infections of Aotus trivirgatus with 
Plasmodium falciparum, the onset of para-
si taemia was 5 days , with some dea ths occurring 
within 15 days of onset of pa tency (2). 

T h e previous study of Adler et al. (3) showed 
that rats are as equally susceptible as micc u 
Plasmodium berghei which produces a fatal 
infection in both animals . Pa lmer | 4 | and o thci 
researchers found that , with age, baby rats 
progressively lost the ability to become infected 
with P. berghei, fatalities being more promin 
ent in the 4-week-old g roup than in the 6-week-
old group. O the r s such as Cox [5) have found 
that al though P. berghei was not fatal in adult 
rats, a positive level of paras i taemia was 
recorded . 

At the time of the rout ine passaging, des-
cribed above , for P. yoelii nigeriensis into mice, 
the animal populat ion of o u r Animal House 
was grossly inadequa te and it was thought that 
keeping the parasi tes in rats might achieve a 
longer interval be tween the d e a t h s of the 
animals , and thereby be a saving on the n u m b e r 
of exper imenta l animals used. It was found , 
however , upon challenging the adult rats with 
viable parasi tes that they failed to pick up the 
infect ion. 

Since nei ther the rats nor the mice involved 
in the rout ine passaging had previously been 
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exposed to malaria and both were being fed the 
same diet, the possibility of an acquired immun-
ity or a deficiency in diet could be ruled out . 

It was therefore decided to study the course 
of infection of P. yoclii nigeriensis in mice and 
rats, the objectives of the study being: 

(a) to study the course of P- yoclii nigeriensis 
infection in rats and mice; 

(b) to study the effect of the parasite on rats 
and mice. 

Materials and methods 

Plasmodium yoelii nigeriensis, 12-week-old 
(adult) albino rats and mice, and 4-weck-old 
(baby) rats and mice were used for these 
experiments. 

Twelve males and 12 females of each type 
were obtained and the normal blood values 
(haemoglobin (l ib) and packed cell volume 
(PCV)) were measured. 

The animals were infected intraperitoneal^' 
with 960 parasitized red blood cells using the 
method described by Oyerinde (6). The central 
group consisted of four uninfected males and 
four uninfected females for each type of animal. 

At 24-h intervals after inoculation of para-
sites, all animals were bled, and stained blood 
films were examined daily for estimation of 
parasi temia. Blood was also collected and 
daily values of l ib and PCV were obtained. 

Becausc of the difficulty in obtaining enough 
blood from the baby animals, only parasitaemia 
values were obtained in these cases. 

Results 

The course of P. yoelii nigeriensis infection in 
ruts and mice 

Adull mice. Microscopic examination of the 
blood of adult mice revealed the parasites in 
the erythrocytes 2 days after infection, with an 
average parasitaemia of 1.6%. In other words, 
the parasite had a prepatent period of 48 h 
(Table 1, Fig. 1). 

The average parasitaemia of both the male 
and female mice increased progressively until 
the seventh day when the peak parasitaemia of 
25.9% was reached (Table 1), and on day 8 the 
first mortality was recorded. It is interesting to 

note that the peak paras i taemia r ema ined 
approximately constant for 2 days (days 8 -10 ) . 
During this per iod , 75% of the infec ted mice 
died. Subsequent ly , a l though the re was a 
gradual decrease in the ave rage paras i t aemia , 
a fur ther 17% of the mice d ied , br inging the 
total death ra te to 9 1 . 7 % . 

It is important to no te that 8 . 3 % of t h e mice 
recovered spontaneous ly f r o m the infect ion 
even though a paras i taemia of b e t w e e n 17 and 
22% has previously been r eco rded for t h e mice. 

Baby mice. Forty-eight hours a f t e r infect ion 
all infected baby mice were posi t ive, with an 
average parasi te count of 3 . 5 % . It r e m a i n e d at 
approximately this level for the next 24 h. 
Within the next 3 days (pa ten t days 3 - 5 ) , the 
parasi taemia rose sharply to the p e a k of 15 .2%. 
Surprisingly, n o dea th was r e c o r d e d a m o n g the 
animals on this day . but on the fo l lowing day . 
66.7% of the animals died and the ave rage 
parasitaemia of the surviving an imals d r o p p e d 
to 10% (Fig. 2). T h e pa ra s i t aemia c o n t i n u e d in 
a downward t rend to day 10 a f t e r infec t ion 
when all the animals died ( T a b l e 1, Fig. 2). 
None of the animals exhib i ted the s p o n t a n e o u s 
recovery as r epor ted for the adul t mice . 

It is worthy of men t ion that all the f emale 
baby mice and four ma le baby mice d ied on (lay 
8 af ter in ject ion. T h e r ema in ing eight male 
baby mice survived until day 10 of the exper i -
ment , when they all d i ed . 

Adult rats. Adult ra ts were f o u n d to be 
completely refract ive to the pa ras i t e t h r o u g h o u t 
the 2-week expe r imen t . In o t h e r w o r d s , the 
parasitaemia was nil. N o n e of the adu l t rats 
died during the per iod of the e x p e r i m e n t . 

Baby rats. In the baby rats, un l ike the adu l t s , 
the parasite es tabl ished itself with a p r e p a t c n c y 
of 48 h. T h e paras i taemia r eached a m a x i m u m 
of 5 .3% and remained at this level for 3 weeks 
until finally lost by the an imal (Tab l e I a n d 
Fig. 3). 

Because the course of the infect ion was 
different in adult and baby ra ts , 5 -9 -week -ok l 
rats were infected with the s a m e n u m b e r of 
parasites in o rder to d e t e r m i n e the age of 
transition f rom susceptibility t o res is tance to 
the infection. 

T h e results of this expe r imen t showed that 
rats were susceptible to P. yoelii nigeriensis 
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Time after infection (days) 
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Kip. I. The average parasitaemia in female ( • ) and 
male (A) adult mice infected with Plasmodium yoelii 
nigeriensis. 

2 3 4 5 6 7 8 9 
Time after infection (days) 

Fig. 2. The average parasitaemia of female (O) and 
male (A) baby mice infcctcd with Plasmodium yoelii 
nigeriensis. 

20 r 
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Time ofter infection (days) 

Fig. 3. The average parasitaemia of baby rats infec-
tcd with Plasmodium yoelii nigeriensis. 

infect ion up to the age of 6 weeks . From the age 
of 7 weeks , they were totally refract ive to the 
infect ion. 

H o w e v e r , when runts of the li t ter ' , that is, 
those babies that were at a d isadvantage during 
feed ing and hence were s tun ted in growth, 
b e c a m e infected they r ema ined susceptible 
until they were 8 weeks old and became 
resistant t h e r e a f t e r . 

A compar i son of the course of infection in 
adult mice and baby rats shows some interest ing 
results: 

(a) the p repa tency of the paras i te in the 4- , 
5- and 6-week-old baby ra ts was the same 
as in the adul t mice , i .e . 2 days ; 

(b) in the baby ra ts , the initial paras i taemia 
dec rea sed as the age of the animal in-
c reased until adu l thood w h e n the para-
s i taemia b e c a m e nil; 

(c) the dura t ion of the infect ion b e f o r e the 
ra ts b e c a m e ref rac t ive t o the parasi te 
decreased as the age of the ra ts increased; 
and 

(d) no mor ta l i ty was r e c o r d e d a m o n g any 
age g r o u p of the rats s tud i ed . 

Effect of P l a smod ium yoelii n iger iensis on rats 
and mice 

T h e effect or pa thogenes i s of t h e paras i te was 
based on the dec rease of the Mb and P C V 
values as well as t h e ra te of mor ta l i ty recorded 
a m o n g the infec ted animals . 

Because of the expe r imen ta l p r o b l e m of 
ob ta in ing e n o u g h b lood f r o m b a b y mice and 
baby rats for the Mb and P C V d e t e r m i n a t i o n s , 
only adul t an ima l s were used fo r this s tudy. 

Adidt mice. T h e Mb and P C V values of adul t 
mice were found to dec rease as the para -
s i taemia increased . In male mice , the Mb value 
fell f r o m an ave rage of 13.76 g/l(M) ml to 3 .8 
g/100 ml , a d e c r e a s e of 7 2 . 3 % , 8 days a f t e r 
in fec t ion ; while in the f e m a l e , the re was a 
dec rease of 5 9 . 7 % dur ing the same per iod 
(Tab le 2). It was obse rved tha t the ma le mice 
could wi ths tand a d e c r e a s e of 8 .56 g/100 ml , i .e. 
62.2 / i of the I lb va lue , and still survive. Below 
this level , the mor ta l i ty ra te progessively in-
c reased with a f u r t h e r d r o p in I l b value (Fig. 4). 
A s imilar result was r eco rded for the P C V value 
in the male mice (Fig. 5, T a b l e 3). 
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Plasmodium infections in mice and rats 

Tabic 2. The average haemoglobin reading* of adult micc infcctcd with Plasmodium 
yoelii nigeriensis 

Days after infection 

animals 0 1 2 3 4 5 6 7 8 

Males 13.76 12.7 11.2 11.1 8.7 7.2 6.0 5.2 3.8 
Females 13.66 12.7 11.6 10.5 8.1 6.9 5.8 5.4 5.1 
Males and 

females 13.71 12.7 11.4 10.8 8.4 7.0 5.9 5.3 4.5 

* All values arc g/l()0 ml of blood. 

Time after infection (days) 

FIR. 4. The average haemoglobin reading (O) and survival rate ( • ) of adult male and female mice after infet lion 
with Plasmodium yoelii nigeriensis. 

Time after infection (days) 

Fig. 5. The average packed ccll volume readings (O) and survival rate ( • ) in adult male and female micc infcctcd 
with Plasmodium yoelii nigeriensis. 

Adult rats. T h e Mb and PCV values of the 
adult rats were found to decrease slightly, a f t e r 
infection f rom day 3 - 6 and then rose again f rom 
day 7 onwards re turning to normal by day 9 
(Figs 6 and 7, Tables 4 and 5). 

In male rats, the I lb value d ropped f rom 13.3 

g/100 ml to 10.1 g/100 ml, a 24 .1% drop , while 
in female rats, the d rop was f rom 13.1 g/100 ml 
to 9.9 g/100 ml, a 24.5% decrease (Table 5, 
Fig. 7). 

T h e PCV in male rats d ropped f rom 48 .1% to 
40 .6%, a decrease of 7 . 5 % , while in female 
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Tabic 3. Average packed cell volume readings* of mice infected with Plasmodium 
yoelii nigeriensis 

Days after infection 

animals 0 I 2 3 4 5 6 7 8 

Males 44.2 40.2 38.2 32.0 29.0 26.0 22.0 21.0 17.0 
Females 48.0 43.5 42.0 35.0 32.0 26.7 23.0 21.0 20.0 
Males and 

females 46.1 41.9 40.1 33.5 30.5 26.4 22.5 21.0 18.5 

'All values arc percentages. 

Fig. 6. The average packed cell volume readings in 
aduli rats uninfected ( • ) and infected (O) with 
Plasmodium yoelii nigeriensis. 

Fig. 7. The average haemoglobin reading in adult rats 
uninfected ( • ) and infected (O) with Plasmodium 
yoelii nigeriensis. 

rats, the d r o p was f rom 4 0 . 6 % to 3 3 % , a 
decrease of 7 . 6 % (Table 4, Fig. 6) . 

Control animals. T h e blood read ings for the 
control an imals r ema ined constant and mor-
tality was ze ro t h roughou t the per iod of the • 
exper imen t s . 

Discussion 
It is obv ious f r o m the resul ts that a lb ino mice 
and baby ra ts a r e suscept ible to infect ions 
with P. yoelii nigeriensis, while adult ra ts are 
not . T h e infect ion is, h o w e v e r , only fatal in 
mice. 

T h e results showed that once the infect ion 
became pa t en t , the paras i taemia increased 
sharply to reach a p e a k , fol lowing which the 
infection r ema ined cons t an t . T h e r e a f t e r , the 
paras i taemia s ta r ted to dec rea se , a dec rease 
which cu lmina ted in the recovery of 8 % of 
infected mice and 100% of infec ted baby rats. 

Weiss |7] found that in Swiss mice t h e r e was a 
mortal i ty peak at (>-1 days a f t e r pa tency at a 
low paras i taemia of 6 - 8 % . T h e remaining 
animals s ta r ted to die approx imate ly 2 weeks 
later at 5 0 - 6 0 % paras i t aemia . In the present 
s tudy, most of the exper imen ta l an imals died 
within the peak per iod , with paras i taemia 
ranging be tween 2 0 % a n d 2 7 % , except ional 
cases dying at 18% and 3 3 % . 

T h e hos t ' s react ion against the parasi te gave 
rise to the fol lowing pa t t e rn of infect ion: an 
initial absence of host response in mice, leading 
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Plasmodium infections in mice and rats 31 

Table 4. Average packed cell volume readings* in adult rats infected with Plasmodium 
yoelii nigeriensis 

Days after infection 

animals 0 1 2 3 4 5 6 7 8 

Males 48.1 47.5 45.0 42.4 40.1 40.6 41.6 47.8 48.9 
Females 40.6 39.8 36.4 32.8 32.0 32.1 33.0 40.0 40.1 
Males and 

females 44.4 43.7 40.7 37.6 36.1 36.4 37.3 43.9 44.5 

* All values arc percentages. 

I able 5. Haemoglobin readings* of adult rats infcctcd with Plasmodium yoelii 
nigeriensis 

Days after infection 
Sex of 
animals 0 1 2 3 4 5 6 7 8 

Males 13.0 13.3 11.9 11.2 10.2 10.1 11.0 12.7 13.3 
Females 13.1 13.1 11.3 10.8 10.0 9.9 11.2 12.4 13.0 
Males and 

females 13.2 13.2 11.6 11.0 10.1 10.0 11.1 12.6 13.2 

'All values are g/100 ml of blood. 

to 100% susceptibil i ty to the infect ion. T h e 
absence of the hos t ' s react ion would account for 
the rapid increase in the n u m b e r s of the 
paras i tes dur ing which phase of parasi te de-
v e l o p m e n t , the hos t ' s react ion deve loped . At 
the peak pa ras i t aemia , an equil ibrium was 
establ ished be tween the paras i te ' s multipli-
cation rate and the rate of host 's reaction 
against the paras i te . This would explain the 
constant paras i taemia be tween the f if th and 
eighth pa ten t day . 

T h e cont inued decrease in the n u m b e r of 
parasi tes appea r s t o coincide with the increased 
activity of the host ' s reac t ion , which was able to 
completely e l iminate the parasi tes in 8% of the 
infected mice. 

A similar course of infection for P. yoelii 
nigeriensis was observed in baby and adult 
micc, except that the peak of infection was 
lower and reacted sooner in baby mice than in 
the adults . 

While the average peak was 22 .6% on day 8 
in adults , it was 15.9% on day 7 in baby mice. It 
is also of interest that adult mice were able to 
accommoda te the infection for a much longer 
period (13 days) than the babies (10 days) , 
when 8% of the adults threw off the infect ion. 
None of the baby micc recovered spontane-
ously. Since both groups of mice were not 
previously exposed to the parasi te , the only 
plausible explanat ion for the dif ferent courses 
of infection is that of age . In o ther words , adult 
mice are capable of accommodat ing a higher 
level of parasi taemia for a longer per iod of t ime 
and sustain a lower mortali ty than baby or 
younger mice. 

Al though the mortality rate among the 
female baby mice is higher than that recorded 
for the male baby mice, it is difficult , just on the 
basis of this result , to a t t r ibute the phenomenon 
solely to sex, more so when the l i terature is 
silent on a possible correla t ion. A categorical 
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s ta tement on such a relat ionship requ i res 
f u r t h e r exper imenta t ion on the sub jec t . 

Brown and Hills [8] repor ted that inbred 
Augus t rats e radica ted P. berghei in fec t ions 
within 12-15 weeks , and a f te r this quickly 
e radica ted challenge doses of the infec t ion . 
Al though adult rats in the present s tudy failed 
t o pick u p the infection even though they had 
never previously been exposed to P. yoelii 
nigeriensis, a d rop in the l ib and P C V value was 
recorded between days 1 and 7. Th i s indicated a 
physiological response of the host to the pre-
sence of the parasites. 

Tha t the parasites eventually failed to a p p e a r 
in the per ipheral blood of the adult rat might 
have been due to more than one fac tor . It could 
have been achieved by the phagocyt ic action of 
the white blood cells in the host , a conclusion 
that has been suggested by workers such as 
Ta l ia fe ro (9 | , or even by the moun t ing of an 
immune response to the parasi tes by the host , 
as advocated by Weinbaum el al. [10]. 

Baby rats were found to be susceptible to 
P. yoelii nigeriensis infections which were sus-
tained at a virtually stable level of paras i taemia 
until 7 -8 weeks, depending on the stage of 
deve lopment , and then lost. In those general ly 
rc fe r i ed to as the ' runts of the l i t ter ' , the 
infection is lost at about 8 weeks of age , 
probably because they reach adult weight and 
matur i ty later. 

It would appear that the immune mechanism 
present in the adult rats develops with age , 
since the babies were able to resist the infect ion 
on reaching adul thood. 
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