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The course of malaria infection and the 
ability to develop acquired host resistance to 
the parasite differs considerably among the 
various species of rodents. In  this regard, 
Plasmodium berghei infection in mice has been 
carefully evaluated by Mercado and Coatney 
(1). Their studies revealed the presence of a 
3-6 day prepatent period in which parasites 
were absent from the circulation. The ensuing 
patent period was characterized by a rapid in- 
crease in circulating parasites, lasting from 4- 
19 days, and by the development of a severe 
anemia. Although erythropoiesis was en- 
hanced, as evidenced by a significant reticu- 
locytosis, anemia was uncompensated as con- 
firmed by low hematocrit values. The infection 
was fatal between days 8 and 29 and occurred 
approximately 24 hr after peak parasitemia. 
It is obvious from these data, that the mecha- 
nisms involved in acquired host resistance to 
P. berghei infection appear to be inadequate 
in the mouse. 

In  mice, P .  berghei parasites have a defi- 
nite prediliction for reticulocytes, as opposed 
to the most mature erythrocytic elements (2 ) .  
Accordingly, it is of little surprise that mice 
undergoing enhanced erythropoieses, second- 
ary to injection with phenylhydrazine ( 3 )  or 
antimouse erythrocyte rabbit serum (4),  dem- 
onstrate an earlier and more marked parasi- 
temia which parallels their reticulocytosis. 
Conversely, mice which are erythropoietically 
suppressed by red cell hypertransfusions are 
able to partially block subsequent P. berghei 
infection ( 5 ) .  Furthermore, if erythropoiesis 
is completely eliminated by red cell hyper- 

1 This study was supported in part by a US. Army 
Research and Development Command Contract (No. 
DAMD 17-74-C-4033). 

transfusions coupled with X-irradiation, ma- 
larial infection does not ensue (loc. cit.). 

The present investigation was initiated in 
an attempt to prolong the survival of P. 
berghei-infected mice. Repeated transfusions 
of red cells were given during peak parasi- 
temia, just prior to the expected time of death. 
It was our feeling that such a maneuver would 
not only alleviate the consequences of severe 
anemia, but would also depress the numbers 
of available reticulocytes and hence parasi- 
temia. This manipulation could, perhaps, al- 
low for adequate time for development of host 
resistance and recovery from an otherwise 
lethal P. berghei infection. Information of this 
kind may bear significance not only from the 
implication of red cell transfusion as a pos- 
sible therapeutic measure in malarial infection, 
but also from the standpoint of developing an 
organism which could be employed in future 
experimentation relative to acquired humoral 
and cell-mediated host resistance to the dis- 
ease. 

Materials and Methods. Thirty virgin fe- 
male CD-1 mice (Charles River Labs.), 10-1 2 
weeks of age, were given a single intraperi- 
toneal injection of 15.0 X lo6 red cells in- 
fected with Plasmodium berghei (NK/65 
strain). At designated times thereafter, groups 
of five control and fifteen infected mice were 
bled from the tail vein. Red cell counts, he- 
matocrit and hemoglobin concentration were 
determined electronically with an MK3 Hae- 
ma-Counter (General Science Corp.) . Percent 
parasitemia was determined on blood smears 
fixed in methanol and stained with Wright’s 
and Giemsa’s solutions. The percent reticulo- 
cytes were determined from blood stained with 
new methylene blue, in accord with the method 
of Brecher (6) .  Circulating parasites and re- 
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FIG. 1. Course of Plasmodium berghei infection in 
mice with and without red cell transfusion. (-) 
Infected mice. (- -)Infected mice given transfusions. 
(T) designates transfusion. ( X ) designates reinfec- 
tion with P. berghei. Each point represents the mean 
-t. 1 S.D. of 8-15 animals. 

ticulocytes were converted to absolute num- 
bers/mm3 of blood. All parameters were ex- 
pressed in terms of group mean * 1 S.D. 
Fifteen additional P. berghei-infected mice 
were transfused intraperitoneally with approx- 
imately 1.0 ml of saline-washed homologous 
red cells on days 14, 15 and 16 of the infec- 
tion as previously described for normal mice 
( 7 ) .  On day 35 mice so transfused were rein- 
fected with P .  berghei as described above. 

Results. The course of P. berghei infection 
in CD-1 mice is shown in Fig. 1. In  approxi- 
mately 90% of the animals, the infection was 
fatal within 24 days, with peak mortality oc- 
curring between days 18-20. A11 mice became 
severely anemic within 2 weeks, with the low- 
est values for hematocrit (11.7 * 1.6%) and 
hemoglobin (5.2 f 1.2gp)  seen on day 20. A 
2-fold reticulocytosis (7.3 -t- 4.4 X 105/mm3) 
was apparent on day 10 and remained at this 
level during the course of infection. Parasi- 
temia was pronounced by day 7 ( 1.5 2 1.2 X 
105/mm3) and progressed to peak levels on 
day 20 (7.9 2 1.3 X 105/mm3). 

Transfusion of normal homologous erythro- 
cytes into P. berghei infected mice on days 

14, 15 and 16 increased survival to approxi- 
mately 90%. The hematocrit and hemoglobin 
values were brought into the control range by 
day 17 and remained at these levels through- 
out the course of study (i.e. day 48). The 
absolute numbers of circulating reticulocytes 
were not significantly altered by transfusion. 
They remained elevated at  approximately 6-8 
x 105/mm3 of blood up to and including day 
38 and gradually declined to control values by 
day 48. In  contrast, the absolute numbers of 
circulating parasites decreased abruptly as a 
result of transfusion from 6.0 2 2.3 X lo5/ 
mm3 on day 13 to 2.0 f 1.5 X 105/mm3 on 
day 17. Thereafter, the number of circulating 
parasites gradually declined and were virtually 
eliminated by day 48. 

When transfused mice were rechallenged 
with P. berghei on day 35, the circulating 
parasites did not increase above pre-challenge 
levels and were eliminated from the circulation 
as previously described. Although there was a 
slight depression in hematocrit and hemoglo- 
bin levels on day 38, the differences were not 
significant from control values. 

Discussion. The course of P .  berghei infec- 
tion in CD-1 mice, described herein, is not 
significantly different from that previously re- 
ported by Mercado and Coatney (1). Of sig- 
nificance, however, is our finding that transfu- 
sion of homologous red cells into P. berghet 
infected mice drama tically enhances recovery 
to this otherwise lethal infection. 

As shown in Fig. 1, P. berghei infected mice 
develop a severe anemia within 2-3 weeks, as 
evidenced by the precipitous decline in he- 
matocrit and hemoglobin values. By day 10, 
a 2-fold reticulocytosis was noted, which re- 
mained at  this level throughout the course of 
infection. Since there is no available data per- 
taining to the circulating life span of reticulo- 
cytes in malaria infected mice, a definitive 
statement regarding the kinetics of erythro- 
poiesis is not possible. Based on our findings, 
however, it would appear that erythropoiesis 
did not keep pace with the rate of red cell 
destruction and hence the infected mice re- 
mained in a state of uncompensated hemolytic 
anemia. In  this regard, it has previously been 
shown (8) that erythropoiesis in humans suf- 
fering from acute malaria, is temporarily in- 
hibited for approximately 5-10 days after the 
onset of symptoms. Although the mechanism 
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for this inhibition is unclear, the inability of 
P. berghei infected mice to overcome the ane- 
mia, as shown in the present study, may per- 
haps be attributed to factors relating to im- 
paired erythropoietin generation and/or stem 
cell resistance to erythropoietin. 

Repeated transfusions of homologous red 
cells for the most part restored the erythroid 
status of P. berghei infected mice (Fig. 1 ). In 
spite of the return of hematocrit and hemo- 
globin to control levels, however, reticulocytes 
did not decrease in number, but persisted at  
the same 2-fold level throughout the course of 
infection. These data indicate that red cell 
destruction was still occurring in these ani- 
mals, but anemia did not become manifest 
since the rate of erythropoiesis was fully com- 
pensatory subsequent to replacement of prior 
red cell deficits by transfusion. Although the 
early decline in absolute numbers of circulat- 
ing parasites subsequent to transfusion of red 
cells, may in part reflect an initial dilution 
effect, the further decline in their numbers be- 
tween days 16-22, would suggest the destruc- 
tion and elimination of parasitized red cells. 
It is also possible, however, that transfusion 
of red cells into P. berghei infected mice may 
have depressed the rate of erythropoiesis and 
hence the numbers of newly available reticu- 
locytes which have been shown to be prefer- 
entially invaded by this parasite (2). Accord- 
ingly, the persistent elevation in circulating 
levels of reticulocytes following transfusion 
may merely represent a class of cells with 
perhaps a longer circulating life span. 

The present study clearly shows that re- 
peated transfusions of red cells into P .  berghei 
infected mice allows for development of host 
resistance and recovery to an otherwise lethal 
malarial infection. Although the mechanism 
whereby this is accomplished is at  present un- 
known, it may perhaps relate to the alleviation 

of some of the severe consequences associated 
with acute hemolysis, thus allowing adequate 
time for the development of immunologic com- 
petence required to overcome the infection. 
Complete resistance is further exemplified by 
the inability of recovered mice to develop ma- 
laria upon reinfection with the parasite. 

Summary. Mice infected with the malarial 
parasite, P .  berghei, become severely anemic 
within 2-3 weeks, with approximately 10% 
survival noted by day 24. Transfusion of 
homologous erythrocytes into these mice on 
days 14, 15 and 16, completely restored pe- 
ripheral erythroid parameters to control levels 
and increased survival to 90%. These data in- 
dicate that repeated red cell transfusions into 
P. berghei infected mice is an effective maneu- 
ver which allows for development of host re- 
sistance and recovery to an otherwise lethal 
infection. Complete immunity is further at- 
tested by the ability of recovered mice to 
block the development of malaria upon rein: 
fection with the parasite. 
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