
The role of cytokines in malaria infection
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We have tested the prophylactic effect of Escherichia coli-derived recombinant human interferon gamma
(rHuIFN-(y)) against sporozoite- or trophozoite-induced Plasmodium cynomolgi B malaria infection in rhesus
monkeys. Data show that treatment with only five doses of rHuIFN-(y) (0. 1 mg/kg body weight) given on days
-2, , and +2 after infection protected the monkeys against sporozoite-induced P. cynomolgi infection.
Animals initially protected by rHuIFN-(y) treatment remained susceptible to reinfection. No inhibitory effect
of rHuIFN-(y) was seen against trophozoite-induced infection. We have also tested the effect of recombinant
human tumour necrosis factor (rHuTNF) in rhesus monkeys. No significant activity of TNF was seen against
trophozoite-induced P. cynomolgi B infection. rHuIFN-(y) inhibited schizogony in functional human hepato-
cytes infected with P. falciparum sporozoites. These results suggest that the inhibitory effect of IFN is limited
to the exoerythrocytic stage ofparasite development. Interleukin- 1 (IL- 1) also inhibited hepatic development
of P. falciparum sporozoites; however, IL-1 treatment was effective only when applied before sporozoite
inoculation. IL-2 and TNF were effective in higher doses.

Introduction
There are several reports which show that immunity
in malaria seems to be mediated by both cellular and
humoral mechanisms (1, 2). However, at present, there
is direct evidence only for naturally acquired pro-
tective immunity against the blood stages of Plasmo-
diumfalciparum which may account for the decreased
susceptibility to malaria observed in the adults (3).
Since the passive transfer of serum antibodies does
not confer protection equivalent to that seen in act-
ively immunized animals (4, 5) and the naturally
acquired antibodies to sporozoites do not prevent
reinfection (6, 7), it has been suggested that cell-
mediated component(s) may contribute to resistance.
T cells are essential for the development of immunity
in malaria (8). In addition to their major role of
assisting B cells to produce antibody, they exert a
direct 'effect on the parasite itself.

Originally discovered as an antiviral agent, inter-
ferons (IFNs) have been shown to have direct and
indirect suppressive effects on the growth of a variety
of non-viral pathogens including rickettsiae (9, 10),
chlamydiae (11-14), fungi (15-18), bacteria (19-22),
and protozoa (23-29). The immunoregulatory proper-
ties of IFN-(y) operate at several levels, including the
regulation of antibody production, the expression of
cell surface antigens, and effects on the maturation
and development of T cells (30, 31). IFN-(y) can also
act by amplifying the lytic action of NK cells and by
inducing the expression of interleukin-2 (IL-2)
receptors on them, thereby enhancing their prolif-
eration. Macrophages exposed to IFN-(y) become
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activated and their ability to kill intracellular para-
sites increases.

In most studies, all carried out around 1970, IFN
inducers or crude serum IFN was an effective prophy-
laxis against sporozoite-induced P. berghei malaria.
The site of IFN action appeared to be on the pre- or
exoerythrocytic stage (EE) of the parasite life-cycle,
although in one study, crude mouse serum IFN de-
creased the capacity of parasitized mouse red blood
cells to initiate lethal P. berghei infections in mice
(32-36). There has been, however, no confirmation of
this work until recently. We have confirmed that mice
treated with purified (a)/(f) IFN were significantly
protected against sporozoite-induced infections with
P. berghei, but no effect of IFN was seen in blood-
induced infection. These studies prompted us to test
the effect of Escherichia coli-derived recombinant
human IFN gamma (rHuIFN-(y)) against P. cyno-
molgi B infection in rhesus monkeys. The course of the
infection of rhesus monkeys with P. cynomolgi B
closely resembles that of relapsing P. vivax malaria in
humans (37, 38). The results show that prophylactic
treatment with rHuIFN-(y) completely suppressed the
sporozoite-induced infection. Animals initially pro-
tected by rHuIFN-(y) treatment remained susceptible
to reinfection. No effect was seen on the trophozoite-
induced infection. Recombinant human tumour nec-
rosis factor (rHuTNF) was also not significantly
effective against trophozoite induced P. cynomolgi B.
Studies carried out in vitro show that rHuIFN-(y)
inhibited schizogony in functional human hepato-
cytes infected with P. falciparum sporozoites. Inter-
leukin-1 (IL-1) also inhibited hepatic development of
P. falciparum sporozoites. IL-2 and TNF at higher
doses show some inhibitory activity against hepatic
development of P. falciparum sporozoites.
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Materials and methods

Monkeys. Rhesus monkeys (Macaca mulatta) of either
sex weighing 4 to 5 kg were used in these experiments.
The monkeys were maintained, quarantined for 3
weeks and tuberculin tested at the primate centre of
the Central Drug Research Institute, Lucknow, India.
Monkeys which did not show any haemoprotozoan
infection when tested by examination of blood smears

were used in the present study.

Proces of Infection. P. cynomolgi B was maintained at
the Central Drug Research Institute by a passage
through the Anopheles stephensi mosquito-monkey
cycle (37, 38). The sporozoites harvested from
P. cynomolgi B-infected mosquitos were maintained
under standard laboratory conditions and were used
for intravenous (i.v.) inoculations of monkeys.
Giemsa-stained blood smears were examined from
day 7 of infection for the appearance of patent infec-
tion in monkeys from the treated and control groups.
Monkeys which had been inoculated with sporozoites
and in which infection did not become patent during a
60-day observation period were considered cured.

Cytokines. rHuIFN-(y) and rHuTNF were kindly pro-
vided by C. Czarniecki, Genentech, Inc., South San
Francisco, CA. rHuIFN-(y) had a specific activity of
at least 2 x 107 U/mg of protein. Affinity purified
HuIFN-(y) (specific activity 5 x 106 U/mg protein)
was purchased from Interferon Sciences, Inc., New
Brunswick, NJ. Human IL-1, both natural and re-

combinant, were purchased from Cistron Technology,
Pine Brook, NJ, and contained 200 and 500 half-
maximal units as determined in the thymocyte pro-

liferation assay. Purified natural IL-2 was purchased
from Advances Biotechnologies, Inc. and titred 640
half-maximal units/ml, as determined by the recip-
rocal dilution of the test which gives 50% of the
maximum 3H-thymidine incorporation by the
standard.

Affinity-purified rabbit polyclonal antibody to
HuIFN-(y) (purchased from Interferon Sciences),
monoclonal antibody to HuIFN-(y) (kindly provided
by Roussel UCLAF), and polyclonal rabbit anti-
human IL-1 (purchased from Cistron Technology)
were used for specific antibody neutralization of the
IFN and IL-1. All neutralizations were carried out in
the presence of an excess of antibody by incubation
for 1 hour at 37°C.

Hepatocyte cultures and Infecton by sporozoftes.
Metabolically active human and rat hepatocytes were
prepared using enzymatic perfusion (39, 40). Briefly,
i0 cells were seeded in eight-chamber plastic Lab-tek
slides (Miles Research, Elkhart, IN) in MEM supple-

mented with 10% fetal bovine serum in an atmo-
sphere of 5% CO2 and 95% air. The cells were
maintained for 24 to 48 hours before inoculation of
sporozoites. The hepatocyte preparations used in
seeding cultures were depleted of Kupffer cells and
macrophages by differential centrifugation and by
cultivation in medium containing 7 x 10-mol/l
hydrocortisone hemisuccinate.

Sporozoites of the NF54 strain of P. falciparum
were obtained from A. stephensi after membrane feed-
ing on cultures of blood-containing gametocytes.
Sporozoites of P. yoelii, strain 265 BY, were extracted
from A. stephensi 16 to 21 days after the mosquitos
received an infective mouse blood meal. Human hep-
atocytes were infected with either P. falciparum or
P. yoelii sporozoites, whereas rat hepatocytes were
inoculated with P. yoelii sporozoites. Briefly, salivary
glands were aseptically dissected and homogenized.
After removal of medium from the culture chambers,
5 x 104 sporozoites were added in 50 p1 of fresh
medium. Three hours after inoculation, medium con-
taining the suspended sporozoites was removed and
replaced once more by 300 u1 of fresh medium, with or
without cytokines. The medium was then changed
daily.

Cultures were examined using an immunofluor-
escence assay (41). The number of P.falciparum sporo-
zoites invading liver cells was determined at 48 h
postinoculation. The number of sporozoites develop-
ing into schizonts was determined at day 6 for P.
falciparum, and at day 2 for P. yoelii, as reported (40).
This was done in duplicate or triplicate cultures. The
percentage inhibition was then calculated by com-
paring the number of schizonts in the experimental
cultures with that in controls.

Results

In vivo studies
(I) Prophylactic effect of rHuIFN-(y) against sporozolte-
induced infection. To test the efficacy of rHuIFN-(y),
groups of rhesus monkeys were treated with rHuIFN-
(y) (0.1 mg/kg/day) intramuscularly (i.m.) over a
period ranging from a single dose to 13 doses. Mon-
keys receiving the maximal number of injections (days
- 2 to + 10) showed complete protection (Table 1)
against sporozoite-induced infection. Reducing the
number of treatments with rHuIFN-(y) to less than
five doses resulted in partial protection. The monkeys
protected by initial treatment with rHuIFN-(y) were
rechallenged after 60 days with a different inoculum of
sporozoites. All the monkeys came down with the
parasitaemia between days 8 and 10.

No effect of rHuIFN{y) against blood-induced
infection was seen.
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(UI) Effect of rHuTNF against trophozolto-Induced
Infection. Monkeys were inoculated with 1 x 105
P. cynomolgi parasites. Animals were treated with
rHuTNF (15 and 45pg/kg/day) for 10 days, starting
two days before challenge. No significant effect of
rHuTNF was seen (Table 2). One untreated monkey
developed patent infection on day 6 and reached peak
parasitaemia level on day 13. Two monkeys treated
with 15 pg/kg dose ofTNF were patent on days 5 and
6 and attained peak parasitaemia level on days 13 and
15, respectively. One monkey receiving 45 pg/kg dose
of TNF was patent on day 8 and reached peak
parasitaemia level on day 15. Another monkey treated
with 45 pg of TNF died on day 13 without showing
patency.

In vitro studies

(I) Effect of HuiFN-(y) on development of schizonts.
rHuIFN-(y) leads to 100% inhibition of P. falciparum

schizogony in human hepatocytes at < 10 units/ml.
Even with 0.1 units/ml, a significant inhibition was
obtained (Fig. 1). An equivalent inhibition of schizont
development was obtained with natural IFN-(y). The
specificity of IFN-induced inhibition was demon-
strated by neutralization with specific antibody direc-
ted towards the IFN.

Addition of the rHuIFN-(y) at various times
before and after sporozoite infestation suggested that
there might be two distinct inhibitory effects of the
IFN in this system (Fig. 2). Treatment from - 18 to
- 4 hours to 6 days after infection resulted in com-
plete inhibition of schizont development. Pretreat-
ment of the hepatocytes for 6 hours before infestation
resulted in a small inhibition. Addition of the IFN
from 3 hours until 3 or 6 days after infestation was
almost as effective as the combined pre- and postinfec-
tion treatment. Most significantly, rHuIFN-(y) treat-
ment repeatedly resulted in significant inhibition
(84% in Fig. 2) of schizont development when the IFN

Table 1: Prophylactic efficacy of rHuiFN-(y) against sporozolte-induced P. cynomolgl B inhetion in rhesus monkeys

Treatment Prepatent period No. protected/total Rechallenge after Sporozoite Patency (days)
schedule (days)8 (days)b initial infection (days) inoculum

rHuIFN-(y):
-2 to +10 60, 60, 60 3/3 139 0.96 x 106 8, 8, 8
-2to +7 60,60,60 3/3 115 0.96x106 8,8,8
-2 to +2 60, 60, 60 3/3 77 1 x 105 10, 10, 9
-1 to +1 22, 60 1/2
-2, -1, 0 13, 60 1/2
-1, 0 16, 60 1/2
Oto +1 10,10 0/2
-1 8, 9 0/2

Controls: 9, 10, 13 Controls: 0.9x 106 8
11, 12, 8, 8 0/7 1 x 106 9

a Monkeys were treated with rHuIFN-(y) (0.1 mg/kg/day) i.m. for varying periods and were inoculated i.v. with sporozoites (2 x 104 to 5 x 105)
and were observed for patency.
b Animals showing no parasitaemia for 60 days were considered protected and were rechallenged.

Table 2: Effect of rHuTNF against P. cynomolgl B Infection In rhesus monkeys

Primary peak parasitaemia

Treatmenta Patency (days) mm3 Day

rHuTNF

45 pg Died on day 13 without showing signs of parasitaemia
45 Mg 8 166 460 15
15 pg 6 214 140 15
15 pg 5 254 616 13

Control 6 263 340 13

a Monkeys were inoculated with 1 x 105 parasites and rHuTNF (15-45pg/kg/day) was administered daily, starting on day -2 before
infection and continued to +7 days of infection.
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Fig. 1. Effect of three different doses of rHuIFN-(y) on Fig. 2. Time-effect of rHuiFN-(y) (10 units/ml) on P. talcipa-
P. taciparum schizont development in human hepato- rum schizont development in human hepatocytes. Results
cytes. Results at day 6 are shown for experiments with are given at day 6, except for column 2 (48 hours).
18 hours pretreatment and six days post-challenge.
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was added from 4 to 6 days after infestation. Since (mII) Effectof L-2and TNF. Other cytokines tested were
schizont development has already been initiated at 4 IL-2 and TNF. For both, little activity was found at
days after infestation, so that schizonts can be readily low or medium titres tested, even when an 18-hour
seen in the 4-day cultures, these results suggested that pretreatment was done, as for IL-1. However, at
in addition to inhibiting schizont development, IFN higher doses, inhibition of schizogony occurred
treatment may result in the destruction of already (Tables 3 and 4).
formed schizonts.

Discussion
(11) Effect of IL-1. An 18-hour pretreatment of human rHuIFN-(y) can effectively protect rhesus monkeys
hepatocytes with rIL-1 (5 units/ml) significantly inhib- from infection with P. cynomolgi B (29,42). Protection
ited (97%) P. falciparum schizont development (Fig. was observed for sporozoite-induced infection, but
3). Similar results were obtained with natural purified not for blood-induced infection. Recently, it has been
IL-1. However, when treatment was initiated 3 hours reported that mouse and rat IFN-(y) significantly
after sporozoite inoculation or even at the time of the inhibited the development ofEE forms of P. berghei in
inoculation, no inhibition was found. Thus it appears the liver (28). In another study we have shown that
that unlike IFN-(y), IL-I has no activity against para- rHuIFN-(y) at very low concentrations (< 1 unit/ml)
site maturation but affects only the penetration step. inhibited schizogony in functional human hepato-
Nevertheless, IL-I is not directly toxic for the parasite cytes infected with P. falciparum sporozoites (43).
since its incubation with sporozoites does not inhibit Application after sporozoite inoculation is effective,
their penetration. suggesting an intracellular mechanism. There was an
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Fig. 3. Dose-effect of rHulL-1 on P. aiciparum schizont
development In human hopatocytes. Results at day 6 are
for experiments with 18 hours pretreatment and six days
post-challenge.
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Table 3: Effect of IL-2 on the development of P. yoIN In rat
hopetocytes

Treatment8 Average Inhibition
(units/ml) schizont numbers (%)

0 (control) 114 -

0.64 unitml 75 35
6.4 67 42
64 41 64

a Treatment with IL-2.

Table 4: Effect of rHuTNF on the development of hepatic
forms of P. yoel

Treatment Average Inhibition
(pg/ml) schizont numbers (%)

0 (control)
0.001o g/ml
0.01 t t
0.1 " "

77
60
57
35

22
26
55

84% inhibition after application from 4 to 6 days
following inoculation so that by day 6, there was a
disappearance of a significant number of schizonts
previously present at day 4, indicating more than a
parasitostatic effect, and probably a post-assembly
action. On the basis of these results and the lack of
effect of rHuIFN-(y) against blood-induced P. cyno-
molgi B infection in rhesus monkeys, we concluded
that rHuIFN-(y) acted on the EE stage of the parasitic
cycle in hepatocytes. Previous studies with crude
serum IFN in mice and a recent study with mouse and
rat IFN-(y) suggested similar conclusions. Since IFN
appears to be active at this point, they may have a
special place in the treatment of forms of malaria
where relapse due to EE growth is common. Of the
commonly used antimalarial drugs, only primaquine
is effective on this stage of parasite development;
however, the toxicity of this drug especially in preg-
nancy, infants, and glucose-6-phosphate dehydrogen-
ase-deficient individuals limits its general usage (44).

The mechanism by which rHuIFN-(y) inhibits
sporozoite-induced P. cynomolgi infection in rhesus
monkeys is as yet not understood. IFN-(y) activated
macrophages, causing a seven- to eightfold increase in
H202 generation, and promotes the destruction of
both the amastigote and promastigote forms of Leish-
mania donovani (27). The activation of macrophages
by IFN-(y) and increased H202 production have also
been shown to destroy Trypanosoma cruzi (45).
rHuIFN-(y) appears to destroy T. gondii by a respirat-
ory burst-independent mechanism related to trypto-
phan depletion (26). Additionally, the spleen cells of
mice immunized with irradiated sporozoites released
high levels of IFN-(y) when challenged in vitro with
malaria antigen and IFN-(y) has been detected in the
serum of P. falciparum and P. vivax-infected patients
(46-48). It is possible that upon sporozoite invasion,
sensitized T lymphocytes and activated macrophages
release IFN-(y) and other mediators, which then act
on EE forms or block sporozoite development. IFN-
(y) may then play a role in the protective effect against
malaria conferred by vaccination with irradiated
sporozoites or by repeated exposure to infected mos-
quitos in endemic areas. Recently, it has also been
reported that sterile immunity to sporozoite challenge
requires the neutralization of sporozoites by antibod-
ies, and the inhibition of development of EE forms by
IFN-(y) with the participation of CD8+ cells (49).

Acknowledgements
The author thanks R. Friedman, R. Beaudoin, B.N. Dha-
wan, G.P. Dutta, C. Czarniecki and D. Maize for their
collaborative efforts without which these studies would
not have been possible, and Mrs Elinore Dunphy for the

WHO Bulletin OMS: Supplement Vol. 68 1990

K

. uu

LXXXX4 L\',\X'IM

inn

142



Role of cytokines In malaria Infection

excellent typing of the manuscript. This work was sup-
ported by the National Institutes of Health under Indo-U.S.
collaborative project 0-162-N. The opinions or assertions
contained herein are the private views of the author and
should not be construed as official or necessarily reflec-
ting the views of the Uniformed Services University of the
Health Sciences or Department of Defense.

References
1. Wyler, D.J. Malaria: host-pathogen biology. Rev. in-

fect. dis., 4: 785-797 (1981).
2. Taylor, W.D. & SIddlqul, W.A. Recent advances in

malarial immunity. Ann. rev. med., 33: 69-96 (1982).
3. Cohen, S. et al. Gamma-globulin and acquired

immunity to human malaria. Nature, 192: 733-737
(1961).

4. Clyde D.F. et al. Immunization of man against falci-
parum and vivax malaria by use of attenuated sporo-
zoites. Am. j. trop. med. hyg., 24: 397-401 (1975).

5. Rleckmann, R.H. et al. Use of attenuated sporozoites
in the immunization of human volunteers against falci-
parum malaria. Bull. Wld Hlth Org., 57 (Suppl. 1):
261-265 (1979).

6. Hoffman, S.L. et al. Naturally acquired antibodies to
sporozoites do not prevent malaria: vaccine develop-
ment implications. Science, 237: 639-642 (1987).

7. Egan J.E. et al. Efficacy of murine malaria sporozoite
vaccines: implications for human vaccine develop-
ment. Science, 236: 453-456 (1987).

8. Chen, D.T. et al. Immunity of sporozoite-induced mal-
aria infection in mice. I. The effect of immunization of T
and B cell-deficient mice. J. immunol., 118: 1322-1327
(1977).

9. Turco, J. & Wlnkler, H.H. Effect of mouse lymphokines
and cloned mouse interferon-(y) on the interaction of
Rickettsia prowazekii with mouse macrophage-like
RAW264.7 cells. Infect. immun., 45: 303-308 (1984).

10. Turco, J. & Wlnkler, H.H. Cloned mouse interferon-(y)
inhibits the growth of Rickettsia prowazekii in cultured
mouse fibroblasts. J. exp. med., 158: 2159-2164 (1983).

11. Rothermel, C.D. et al. (y)-interferon is the factor in
lymphokine that activates human macrophages to in-
hibit intracellular Chlamydia psittaci replication. J.
immunol., 131: 2542-2544 (1983).

12. Shermer, Y. & Sarov, I. Inhibition of growth of Chlamy-
dia trachomatis by human gamma interferon. Infect.
immun., 48: 592-596 (1985).

13. de Ia Maze, L.M. et al. The anti-chlamydial and
anti-proliferative activities of recombinant murine
interferon-(y) are not dependent on tryptophan con-
centration. J. immunol., 135: 4198-4200 (1985).

14. Czarnlockl, C.W. et al. Interferon-induced inhibition of
Chlamydia trachomatis: dissociation from other biolo-
gical activities of interferons. In: Friedman, R.M. et al.,
ed. Interferons as cell growth inhibitors and antitumor
factors. New York, Alan R. Liss, 1986, pp. 467-480.

15. Maheshwarl, R.K. et al. Interferon inhibits Aspergillus
fumigatus growth in mice: an activity against an extra-
cellular infection. J. interferon res. 8: 35-44 (1987).

16. Wu-Hsleh, B. & Howard, D.H. Inhibition of growth of
Histoplasma capsulatum by lymphokine-stimulated
macrophages. J. immunol., 132: 2593-2597 (1984).

17. Dieu, J.Y. et al. Growth inhibition of Candida albicans
by human polymorphonuclear neutrophils-activation
by interferon gamma and tumor necrosis factor. J.
immunol., 137: 2980-2984 (1986).

18. Brummer, E. et al. Recombinant and natural gamma
interferon activation of macrophages in vitro: different
dose requirements for induction of killing activity
against phagocytizable and nonphagocytizable fungi.
Infect. immun., 49: 724-730 (1985).

19. Kiderlen, A.F. et al. Protection of mice against the
intracellular bacterium Listeria monocytogenes by re-
combinant immune interferon. Europ. j. immunol., 14:
964-967 (1984).

20. Buchmeler, N. & Schrelber, R.D. Requirement of
endogenous interferon-(y) production for resolution of
Listeria monocytogenes infection. Proc. Natl Acad.
Sci., USA, 82: 7404-7408 (1985).

21. Bhardwal, N. et al. Gamma-interferon-activated
human monocytes inhibit the intracellular multiplica-
tion of Legionella pneumophilia. J. immunol., 137:
2662-2669 (1986).

22. Edwards III, C.K. et al. Chronic infection due to Myco-
bacterium intracellulare in mice: association with
macrophage release of prostaglandin E2 and reversal
by injection of indomethacin, muramyl dipeptide, or
interferon-(y). J. immunol., 136: 1820-1827 (1986).

23. Wirth, J.J. Enhancing effects of gamma interferon on
phagocytic cell association with and killing of
Trypanosoma cruzi. Infect. immunity, 49: 61-66 (1985).

24. McCabe, R.E. et al. Effect of murine interferon gamma
on murine toxoplasmosis. J. infect. dis., 150: 961-962
(1984).

25. Douvas, G.S. et al. Gamma-interferon activates
human macrophages to become tumoricidal and
leishmanicidal, but enhances the replication of ma-
crophage-associated mycobacteria. Infect. immun.,
50: 1-8 (1985).

26. Pfefffrkorn, E.R. & Guyre, P.M. Inhibition of growth of
Toxoplasma gondii in cultured fibroblasts by human
recombinant gamma interferon. Infect. immun., 44:
211-216 (1984).

27. Murray, H.W. et al. Killing of intracellular Leishmania
donovani by lymphokine-stimulated human mononuc-
lear phagocytes: evidence that interferon-(y) is the
activating lymphokine. J. clin, invest., 72: 1506-1510
(1983).

28. Ferrelra, A. et al. Gamma-interferon inhibits the de-
velopment of exoerythrocytic forms of malaria para-
sites. Science, 232: 881-884 (1986).

29. Maheshwarl, R.K. et al. Recombinant human gamma-
interferon inhibits simian malaria. Infect. immun., 53:
628-630 (1986).

30. Sonnenfeld, G. Modulation of immunity by interferon.
In: Pick, E., ed. Lymphokine reports, Vol. 7. New York,
Academic Press, 1980, pp. 113-131.

31. Friedman, R.M. & Vogel, S.N. Interferons with special
emphasis on the immune system. Adv. immunol., 34:
97-140 (1983).

32. Jahlel, R.L. et al. Antimalarial effect of interferon

WHO Bulletin OMS: Supplement Vol 68 1990 143



R.K. Maheshwarl

inducers at different stages of development of Plas-
modium berghei in the mouse. Nature, 220: 710-711
(1986).

33. Jahlel, R.l. et al. Protective effect of interferon in-
ducers on Plasmodium berghei malaria. Am. j. trop.
med. hyg., 18: 823-835 (1969).

34. Jahlel, R.l. et al. Exogenous interferon protects mice
against Plasmodium berghei malaria. Nature, 227:
1350-1351 (1970).

35. Jahlel, R.I. et al. Interferon inducers protect mice
against Plasmodium berghei malaria. Science, 161:
802-804 (1968).

36. Schultz, W.W. et al. Role of interferon in experimental
mouse malaria. Nature, 220: 709-710 (1968).

37. Shortt, H.E. History of recent researches in tissue
phases of the malaria parasite at London School of
Hygiene and Tropical Medicine. Trans. Roy. Soc.
Trop. Med. Hyg., 45: 175-188 (1951).

38. Shortt, H.E. & Garnham, P.C.C. The pre-erythrocytic
development of Plasmodium cynomolgi and Plasmo-
dium vivax. Trans. Roy. Soc. Trop. Med. Hyg., 41:
785-795 (1948).

39. Mazler, D. et al. Complete development of hepatic
stages of Plasmodium falciparum in vitro. Science,
227: 440-442 (1985).

40. Mazler, D. et al. Infestation in vitro d'h6patocytes de
Thamnomys adulte par des sporozoites de Plasmo-
dium yoelii: schizogonie et liberation de merozoites
infestants. Comptes rendus seances Acad. Sci., 294:
963 (1982).

41. Mazler, D. et al. Effect of antibodies to recombinant

and synthetic peptides on development of P. falci-
parum sporozoites in vitro. Science, 231: 156-159
(1986).

42. Puri, S.K. et al. Human interferon-(y) protects rhesus
monkeys against sporozoite-induced Plasmodium
cynomolgi malaria infection. J. interfer. res., 8:
201-206 (1988).

43. Mollouk, S. et al. Inhibitory activity of interferons and
interleukin-1 on the development of Plasmodium falci-
parum in human hepatocyte culture. J. immunol., 139:
4192-4195 (1987).

44. Tarlov, A.R. et al. Primaquine sensitivity. Arch. intern.
med., 109: 209-234 (1962).

45. Wlrth J.J. et al. Enhancing effects of gamma-interferon
on phagocytic cell association with killing of Trypano-
soma cruzi. Infect. immunity, 49: 61-66 (1985).

46. Olo-Amalze, E.A. et al. Plasmodium berghei sporo-
-zoites are mitogenic for murine T cells, induce inter-
feron and activate natural killer cells. J. immunol.,
133: 1005-1009 (1984).

47. Olo-Amalze, E.A. et al. Positive correlation between
degree of parasitemia, interferon titers, and natural
killer cells activity in Plasmodium falciparum-infected
children. J. immunol., 127: 2296-2300 (1981).

48. Drullhe, P. et al. Circulating interferon in patients with
Plasmodium falciparum, P. ovale and P. vivax. Trans.
Roy. Soc. Trop. Med. Hyg., 76: 422-433 (1982).

49. Schofield, L. et al. (y) interferon, CD8+ T cells and
antibodies required for immunity to malaria sporo-
zoites. Nature, 330: 664-666 (1987).

144 WHO Bulletin OMS: Supplement Vol. 68 1990


