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Effect of stress conditions on the course of trophozoite-
induced Plasmodium yoelii nigeriensis in mice recently 

cured of a previous infection 

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

PMIi 12003, Lagos, Nigeria 

S u m m a r y 

T h e c f f cc t of s t ress c o n d i t i o n s on t h e cou r se of 
t r o p h o z o i t e - i n d u c e d Plasmodium yoelii niger-
iensis in mice recen t ly t r e a t e d for a p rev ious in-
fect ion was s t u d i e d . It was f o u n d tha t w h e n the 
mice were i n f ec t ed wi th u p t o 5943 paras i t es 
within 6 d a y s of t r e a t i n g a p r e v i o u s infec t ion , 
no pa ten t in fec t ion w a s r e c o r d e d . H o w e v e r , an 
inocu lum of 7924 p a r a s i t e s i nduced pa ra -
s i t aemia , wi th a long p e r i o d of p r e p a t e n c y a n d a 
short cou r se of in fec t ion b e f o r e the paras i tes 
died o u t . N o n e of t h e mice r e - in fec led with the 
paras i te , a n d m a i n t a i n e d at d i f f e r e n t t e m p e r a -
tures . w a s pos i t ive d u r i n g the pe r iod of the ex-
pe r imen t . 

Resume 

On a c n t r e p r i s un e t u d e s u r les e f f e t s de pres-
sion sur la c o u r s d e Plasmodium yoelii niger-
iensis p r o v o g u e p a r les t r o p h o z o i t e s chez les 
mouses , r e c e m m c u t traittf d e s infec t ions 
p r e c e d e n t e . O n a d e c o u r v r e z e q u e it ny avail 
pas les in fec t ions m a i n i f e s t c q u a n d les m o u s e 
e ta icnt in fec te avec j u s q u a 5945 paras i t es pen-
dant six j o u r s su ivant la t r a i t c m c n t p r e c e d e n t e . 
C c p a n d a n t . un innocu lu in d e 7924 paras i t es a 
p r o v o q u e la p a r a s i t e m i a avec u n e p e r i o d e pro-
longuer d e p r e - m a n i f e s t a t i o n et u n e c o u r s 
cour t , d ' i n f e c t i o n s , ap i e s laqucl lc les pa ras i t es 
ont d i spa ra i t r e . A u c u n e m o u s e , re - infec te avec 
les pa ras i t e s et p r e se rve r su r d i f f e ren t t em-
pe ra tu r e s etait posit if p e n d a n t la p e r i o d e de cet 
expe r imen t . 

•To whom correspondence* should he addressed. 

Introduction 

In an ear l ier s tudy (1 | , it was s h o w n that w h e n 
mice that had been previously infec ted with 
Plasmodium yoelii nigeriensis a n d t r ea t ed with 
ch lo roqu inc were re-chal lenged 7 - 1 4 days a f t e r 
t r e a t m e n t of the previous in fec t ion , they de-
ve loped paras i t aemia . H o w e v e r , the l e \ e l of 
pa ras i t aemia r ema ined low a n d the paras i t es 
ran a short course b e f o r e the mice finally over -
c a m e the infec t ion . 

In malar ial count r ies like Nigeria the peop le 
a re not only cont inuous ly exposed to the dis-
ease 12) but also sub jec ted t o var ious s t ress con-
di t ions. T h e probabi l i ty that such s t ress cond i -
t ions would affect the cou r se of the infec t ion in 
the host is very high. 

T h e aim of the present inves t iga t ion , there-
fo re , is to s tudy the e f fec t s of inocu lum size, 
a n d t e m p e r a t u r e , on the course of a subsequen t 
infect ion of P. y. nigeriensis in mice , fo l lowing 
t r e a t m e n t of a p rev ious infect ion. 

Mater ia ls and me thods 

liffects of inoculum size on the course of P. y. 
nigeriensis in mice following recovery from 
a previous infection 

T w e n t y adul t ma le a lb ino mice were infec ted 
with P. y. nigeriensis. Six days pos t - in fec t ion , 
the ave rage pa ras i t aemia pe r m o u s e was 225 pa-
rasi t ized ret! b lood cells per 1000 e ry th rocy tes . 
C h l o r o q u i n c sy rup (0 .5 ml con ta in ing 10 m g 
ch lo roqu inc ba se ) was a d m i n i s t e r e d oral ly to 
each m o u s e . T h e s e w e r e des igna ted the exper i -
men ta l mice . 

A n o t h e r ba tch of 12 un in fec ted mice w a s a lso 
given 10 mg ch lo roqu inc base , s imul taneous ly 
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with the infected batch (exper imental mice) . 
T h e s e served as the first control g r o u p (chloro-
qu ine control ) to moni tor the effect of residual 
ch loroquine on the subsequent infection with 
the parasi te . 

Ten days pos t - t r ea tment , the b lood of the ex-
per imenta l mice was examined and found to be 
f r ee of the malaria parasites. T h e mice were 
g rouped into four groups each consisting of five 
mice. All mice in each of the four g roups were 
individually inoculated with one of the follow-
ing doses of parasit ized red blood cells: 1981, 
3962, 5943, and 7924. 

T h e chloroquine control mice (CI | ) were 
similarly placed into four groups. T h e mice in 
each g roup were infected with the number of 
parasitized red blood cells, corresponding with 
the exper imental mice. 

A n o t h e r set of four groups of mice (nei ther 
previously infected nor t reated with chloro-
qu ine) was also infected with the same number 
of parasit ized erythrocytes as before . These 
groups of mice were the normal control g roup 
(Cl 2 ) . 

T h e me thod of estimating the n u m b e r of 
parasitized red blood cells in a unit volume of 
blood inoculated into each mouse had been de-
scribed previously |1). Stained blood films from 
cach mouse were microscopically examined for 
malaria parasites. T h e parasitacmia was deter-
mined daily for approximately 2 weeks. The 
mortali ty rate among the mice was also re-
corded . 

Effect of temperature on the course of infection 
of P. y. nigeriensis in mice following recovery 
from a previous infection 

Twen ty adult male mice were infected with an 
equal number of parasites. Eight days post-
infection they were treated by administration of 
10 m g chloroquine base orally. Af te r 10 days, 
microscopic examinat ion of their blood films re-
vealed n o malaria parasites. 

Twenty uninfected male mice were simul-
taneously given 10 mg chloroquine base. Th is 
served as the chloroquine control group (CT | ) . 
Twenty- four o ther uninfected male mice, to 
which no chloroquine was given, served as the 
normal control group (CT>). All the mice in the 
three groups were infected with 508 parasitized 
red blood cells. Each of the three groups was 

divided into four , which were maintained at the 
following ambient t empera tu res , 9-12°C, 19-
23°C, 27-30°C and 36-38°C. Six o ther un-
infected adult mice were mainta ined simul-
taneously at each of the above temperature 
ranges. These served as the third group of con-
trol ( C T O to moni tor the effects of the experi-
mental t empera tu re s on uninfected mice. 

Blood samples were taken f rom all the in-
fected mice daily. Th in blood films f rom each 
were examined for parasi tes a n d . when posi-
tive, the paras i tacmia was de t e rmined . General 
observa t ions were a lso made on the mice and 
the daily mortal i ty was recorded . 

Results 

ICffects of inoculum size 

T h e results a re presented in Table 1. Three of 
the inocula, namely , 1981, 3962, and 5943 para-
sitized red blood cells, failed t o give a patent in-
fection in any of the exper imenta l mice, 
throughout the period of the experiment; 
whereas both the ch lo roqu ine control (CI t ) and 
the normal control (CI>) b e c a m e positive 48 h 
a f te r infect ion. T h e highest inoculum of 7924 
parasit ized red blood cells, h o w e v e r , induced 
parasi tacmia in the exper imenta l mice 96 h 
post- infect ion, when a paras i te count of 20 
parasitized red blood cells per 1000 red blood 
cells ( 2 % ) was o b t a i n e d . A f t e r 24 h. the para-
sitacmia decreased to four parasi t ized red blood 
cells per 1000 red blood cells ( 0 . 4 % ) . T h e mice 
subsequent ly got rid of the paras i tes and re-
mained negative until the exper iment was ter-
minated 16 days post- infect ion. 

It is of interest to no te that the course of in-
fection of the paras i te in both the chloroquine 
control mice and the no rma l control mice was 
approximately the same when bo th groups were 
inoculated with the same n u m b e r of parasites 
(Table 1). No corre la t ion was found between 
inoculum size and paras i tacmia . 

Effect of temperature 

None of the exper imenta l mice maintained at 
the following ambient t empera tu re s . 9 - l 2 ° C . 
19-23°C, and 27-30°C, was found to have P. y. 
nigeriensis dur ing the 12 days of the experi-
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P. y. nigeriensis in mice under stress 99 

I able I. Average daily parasitaemia induced by different numbers of inoculum 
in both the experimental and control mice 

Inoculum size — parasitized red blood cells 

Days 1981 3962 5943 7924 
after 
infection EI* C l . t cut EI* CI , t CI,* EI* C l . t CI.4 EI* c i . t c i , } 

I ( ) 0 0 0 0 0 0 0 0 0 0 0 
2 0 2 3 0 4 6 0 0 6 0 10 12 
3 ( ) 7 9 0 13 12 0 20 35 0 17 28 
4 0 7 8 0 26 15 o 22 40 20 63 76 
5 ( ) 33 41 0 33 50 o 46 75 4 73 88 
6 0 32 46 (I 32 47 0 39 68 0 44 132 
7 0 100 87 0 103 90 0 88 120 0 142 168 
8 0 218 190 0 211 230 0 150 244 0 258 270 
9 0 385 375 0 325 480 0 220 478 0 270 282 
8S 
9§ 

10§ 
l l § 
12 0 240 302 0 255 375 0 360 492 0 90 100 
13 0 206 346 0 154 374 0 100 290 0 80 190 
14 0 298 382 0 287 280 0 48 11 0 60 4(H) 
15 0 161 365 o —§ —§ —§ —$ —5 —§ —§ H 
16 0 325 1i 0 360 450 —§ 370 —§ —§ 391 —§ 

*EI: Experimental mice. 
tCI , : Chloroquinc control. 
{Cl>: Normal control. 
§ Mice were not bled for microscopic examination. 
U All mice were dead. 

mcn t . N o d e a t h w a s r e c o r d e d fo r t h e mice. T h e 
ch lo roqu inc a n d t h e n o r m a l con t ro l g r o u p s , 
however , s h o w e d p a t e n t p a r a s i t a e m i a 48 h a f t e r 
infec t ion , a n d t h e p a r a s i t a e m i a i nc rea sed , ulti-
mately c u l m i n a t i n g in the d e a t h of t h e mice 
(Table 2). B o t h t h e e x p e r i m e n t a l an imals a n d 
the two g r o u p s of con t ro l mice m a i n t a i n e d at an 
ambien t t e m p e r a t u r e of b e t w e e n 36°C a n d 38°C 
did not show pa ra s i t e posi t iv i ty t h r o u g h o u t the 
per iod of t h e e x p e r i m e n t , a n d n o mor ta l i ty was 
r eco rded . 

Discussion 

The resul ts of this s tudy s h o w e d that an inocu-
lum size of u p t o 5 9 4 3 !'. y. nigeriensis. admin i s -
tered within 10 d a y s a f t e r e f f ec t ive t r e a t m e n t of 
a p rev ious in fec t ion , in mice fa i led to give a pa-

tent infect ion. W h e n the inoculum was 
increased t o 7924 paras i tes , pa tency w a s 
es tabl ished 96 h a f t e r infec t ion . T h e r e a f t e r , 
dec reased paras i taemia was r eco rded b e f o r e 
t h e mice finally got rid of t h e paras i te . 

It is obv ious that t h e first e x p o s u r e of the 
mice to infect ion with the pa ras i t e induced the 
mice to deve lop s o m e pro tec t ive activity against 
f u r t h e r infect ion. Such pro tec t ive activity m a y 
be h u m o r a l , as r e p o r t e d by H a m b u r g e r a n d 
Krc ie r [3 | w h o used f ree-s tage paras i t es t o de-
m o n s t r a t e p ro tec t ive h u m o r a l activity in s e r u m 
of r ecovered rats . M c G r e g o r and C o h e n (4| a lso 
r e p o r t e d that s e r u m f r o m i m m u n e pa t i en t s o r 
even an ima l s con ta ins an t ibod ies t ha t , by 
passive t r ans fe r , will r e d u c e pa r a s i t a emia a n d 
br ing a b o u t clinical c u r e of acu t e in fec t ion . 
Conver se ly , the pro tec t ive activity could be 
cel lular because it is well known that host 
phagocyt ic cells d o phagocy tose malar ia pa ra -
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Table 2. Average parasitacmia in mice exposed to various temperatures 

Temperature 

Days 9 - l2°C 19-23°C 27-3tl°C 36-38°C 
after 
infection ET* C T , t C T , * E T C T , t C T 4 ET* C T , t C T , * ET* C T , t C T . 4 

1 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 14 20 0 0 22 0 19 16 0 0 0 
3 0 39 80 0 64 68 0 106 104 0 0 0 
4 0 206 102 0 290 341 0 291 321 0 0 0 
5 0 199 287 0 401 432 o 484 515 0 0 0 
6 0 149 342 0 334 374 0 270 353 0 0 0 
7 0 135 263 0 103 205 0 $ 212 0 0 0 
8 0 147 205 0 99 174 0 § 175 0 0 0 
9 0 120 183 0 323 335 0 § 387 0 0 0 

10 0 § 297 0 224 259 I) § § 0 0 0 
i n 
12 0 § 172 0 125 145 0 § 112 0 0 0 

*ET: Experimental mice. 
t c r , : Chloroquine control. 
$CT>: Normal control. 
§ All mice were dead. 
11 No reading was taken. 
Note: Each figure is the average parasitacmia of the surviving mice. 

si tes e i ther in e ry throcytes or f r e e in the 
c i rcula t ion . It is. however , p robab le that both 
h u m o r a l a n d cellular protect ive activit ies a r e 
in ac t ion in the present s tudy. 

Tins s tudy also shows that an imunological 
s ta te deve loped in the host d e p e n d i n g on the in-
o c u l u m size, with a large inoculum ove rcoming 
the i m m u n e s ta te of the host and resul t ing in 
the es tab l i shment of the paras i te . T h e course of 
infect ion of the paras i te in such 'part ial ly im-
m u n e ' hosts , howeve r , is sho r t , result ing in the 
s p o n t a n e o u s recovery of the mice. It a p p e a r s 
that the cha l lenge infect ion ac ted as a boos te r 
dose for the hos t ' s react ion against the paras i te . 

It is p e r h a p s not surpris ing that n o n e of t h e 
in fec ted mice ma in ta ined at d i f fe ren t t e m p e r a -
ture ranges was positive. In o t h e r words , s t ress 
cond i t ion induced by t e m p e r a t u r e had no ef fec t 
on the d e v e l o p m e n t of the paras i te . Th i s is 
p robab ly d u e to the hos t ' s physiological acti-
vities, i .e. mice a r e warm b looded and a r e able 
to k e e p thei r in ternal t e m p e r a t u r e cons t an t , re-

gard less of the ex t e rna l t e m p e r a t u r e . A s such, 
any var ia t ion in t h e e x t e r n a l t e m p e r a t u r e of the 
mice would not be t r a n s m i t t e d t o the i r internal 
e n v i r o n m e n t , which is t h e mic ro -hab i t a t of the 
ma la r i a pa ras i t e s . 

References 

1. Oycrindc JPO. The course of trophozoite in-
duced Plasmodium yoelii nigeriensis in albino 
mice following recovery from a previous infec-
tion. W Afr J Med 1985;4:135-41. 

2. Fasan PO. "Hie control of malaria in a holo-
endemic region. Nig Med J 1972;2:126-30. 

3. Hamburger J , Kreier J P. Plasmodium berghei: 
use of free blood stage parasites to demonstrate 
protective humoral activity in serum of re-
covered rats. Exp Parasitol 1976;40:158-69. 

4. McGregor 1A, Cohen J. In: Garham PCC. 
Pierce AE. Roitt I, eds. Immunology to Pro-
tozoa. Oxford, Blackwcll Scientific Publica-
tions, 1963:147-54. 

(Accepted 22 September 1987) 

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY C
OLL

EGE O
F M

EDIC
IN

E, U
I




