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Lymphocyte response to purified Plasmodium falciparum antigens
during and after malaria
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Summary

The peripheral blood lymphocyte response to affinity purified soluble
Plasmodium falciparum antigens from in vitro cultures was studied in seven
patients with acute falciparum malaria, on eight occasions, and in 15 persons
having had malaria, at various times post infection, on 24 occasions. During
infection, the response was low or absent in most patients (median stimulating
index=[SI]=1.4). One week post infection, a specific antigen response rose
(SI = 2.9), but not to the levels found two weeks to one year post infection
(ST = 5.8). At two to four years post infection, it was still present. During a
recrudescence of malaria in a single patient, it was lost temporarily. The re-
sponse to optimal concentrations of lectin mitogens and to tuberculin antigen
was not suppressed in acute malaria.

Key words: immunosuppression; lymphocyte proliferation; malaria; Plasmo-
dium falciparum, parasite antigen.

Introduction

We have previously shown (Bygbjerg et al., 1985) that immunoadsorbent
purified soluble antigens from Plasmodium falciparum long-term in vitro cul-
tures induced proliferation of lymphocytes from persons, who had had malaria
recently. Lymphocytes of unsensitized individuals were little affected. Prelimi-
nary experiments indicated that the lymphocytes from most persons with acute
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malaria did not react to these antigens (Bygbjerg et al., 1983). Non-specific
suppression (Lelchuk and Playfair, 1980) and specific suppression (McDonald
and Sherman, 1980) of cellular immunity during infection have been described
in murine malaria. In man, data on malaria-induced non-specific and specific
immunosuppression are few (Weidanz, 1982). Specific suppression in patients
with acute falciparum malaria to sonicates of schizonts has been reported
(Troye-Blomberg et al., 1984).

In the present study. we examined the proliferative responses of peripheral
blood lymphocytes to mitogens and antigens, including purified malaria
antigens, in persons with acute falciparum malaria and at various times post
infection.

Material and Methods

Subjects. Seven patients with acute, uncomplicated falciparum malaria and 15 persons having
had falciparum malaria within the last two weeks to one year were studied on 8 and 24 occasions.
respectively.

The patients, seven males, median age 26 years, were non-immune, having stayed i Africa
(Benin, Kenya, Sudan, Tanzania, Zambia, Zimbabwe, Malawi) for 3 wecks to 13 months, median 3
months. Their levels of parasitemia were from 1 to 100 trophozoites per high power ficld of Giemsa-
stained thick films, median 10 to 25. The duration of symptoms before treatment and testing was
from 1 to 14 days. median 6 days. None were seriously ill, and all were cured by orally given
antimalarials. The persons, 3 females and 12 males, median age 34 vears, were non-immune, having
staved in Africa (Angola, Sudan, Kenya, Tanzania, Zambia, Zimbabwe, Malawi) for 2 weeks to 30
months. median 2 months. The levels of parasitemia were from less than | to more than 100
trophozoites per high power field, median 10 to 25. The duration of symptoms before oral antimala-
rials were given was from | to 14 days, median 5 days. Three of the persons comprized patients who
were also tested during the acute malaria attack. Seven persons were also studied one week after the
acute malaria attack and three persons at | to 4 years post infection. Some persons (including half of
the patients studied in the acute phase) had had | to 3 malaria attacks previously. but all those tested
must be considered as non-immune.

Lymphocyte cultures. Blood mononuclear cells 1solated on a Ficoll-Isopaque gradient were
washed in RPMI 1640 medium with 5% pooled human serum and penicillin plus streptomycin. as
previously described (Bygbjerg et al.. 1985). Antigens from supernatans of in vitro grown P. falcipa-
rum (Fs/Tanzania) were employed. The antigens were affinity purified on CNBr-Sepharose 4 B
columns containing [gG from an immune Liberian adult (Jepsen and Andersen, 1981). After elution
and concentration, 50 ul of various dilutions of antigens were added to each vial of 107 lymphocytes.
as previously described (Bygbjerg et al., 1985). The optimal dilution was 1:10. Other lvmphocyte
cultures were stimulated with various mitogens (phytohaemagglutinin P = PHA. pokeweed mitogen
= PWM, concanavalin A = Con A) or with purified protein derivative of tuberculin (PPD). Antigen
stimulated cultures were incubated for 5 days. mitogen stimulated cultures for 3 days. Unstimulated
cultures were always included. as controls. '*C-thymidine was added to the cultures 24 h before
termination. The cells were harvested on glass fibre filters, and incorporated radioactivity (expressed
in counts per minute = cpm) was measured in a liquid scintillation counter.

Statistics. The Wilcoxon rank sum test was employed.

Results

Table 1 shows that with regard to lymphocyte response to mitogens and
PPD there was no significant difference between patients with acute malaria
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Fig. 1. Response of lymphocytes to malaria antigens, expressed as '*C-thymidine incorporation (in
cpmx10*) and as ratio between stimulated and unstimulated lymphocytes (SI), in persons having had
falciparum malaria (*Post”) compared with patients with acute falciparum malaria (“Acute™).

and persons having had malaria within two weeks to one year. However, the
response to malaria antigens was significantly less in the group with acute
malaria. Fig. 1 shows that only one patient in this group responded strongly to
the malaria antigens; generally, the response to malaria antigens was weak or
absent in these patients — as in unsensitized persons.

In seven additional experiments, the response to malaria antigens at one
week post infection was studied. The median response was two to three times
higher than in the group with acute malaria (0.9x10° cpm vs 0.3x10° cpm, SI 2.9
vs 1.4), but the difference was not significant (data not shown).

One patient, responding strongly (2.7x10° ¢pm, SI 8.2) to the malaria
antigens at one and a half months after the primary attack, had a recrudescence
of falciparum malaria. The response to malaria antigens dropped to 0.3x10°
cpm (SI 1.3); at one week post infection it was 1.2x103 cpm (SI 3.7); atone and a
half and three months after the recrudescence, the antigen response rose to
2.0x10% cpm (SI 10.8) and 4.1x10° cpm (SI 7.7), respectively. During a delayed
primary attack of ovale malaria one year later in the same patient, the response
fell to the same low level (0.3x10° cpm, SI 1.2) as during the recrudescence
falciparum attack (data not shown).
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Table 2. Response of lymphocytes to malaria antigens. expressed as '*C-thymidine ('*C-TdR) incor-
poration, in cpmx10°, and as ratio between stimulated and unstimulated lymphocytes (SI). in three
persons at various times post infection

Person Time post infection

No.
<1 year 2 years 3 years 4 years
MC-TdR  SI HC-TdR  SI MC-TdR  SI HC-TdR  SI
| 2.1 4.9 1.8 6.8 - - - -
2 ... 0.7 4.0 - - 0.8 4.0 - -
3o 1.1 3.2 - - - - 3.1 14.0

To elucidate whether antigen recognition waned after one year, the re-
sponse was studied at various times in three persons, who had responded well to
the antigens one month to one year post infection (Table 2). The lymphocytes of
all three persons responded to the antigens, even four years post infection: in one
person the response was unaltered, in another the response was slightly higher,
and in a third person it was considerably higher than when first examined. The
potency of the antigen batches employed initially was weaker than that of the
batches used later. Therefore, it can only be concluded that the ability to
respond to the antigen did not wane after one year.

Discussion

The results confirm our preliminary findings (Bygbjerg et al., 1983) that the
peripheral blood lymphocytes of most patients with acute falciparum malaria
did not respond to affinity purified soluble malaria antigens. Half of the patients
in the present study had had one to three previous attacks of malaria, 1.e.. they
were probably sensitized to circulating antigens. In spite of this, they were
unable to respond during a new attack. This malaria-specific suppression was
most clearly demonstrated in the patient whose responsiveness was recorded
both before, during and after a recrudescence of falciparum malaria. Interest-
ingly, the response was also lost during a delayed attack of ovale malaria. We
have previously shown (Bygbjerg et al., 1985) that both lymphocytes from
persons having had falciparum and ovale malaria respond well to the falciparum
antigens.

During acute infection, only one person responded strongly to the malaria
antigens. He had never had malaria before. Duration and severity of symptoms
did not differ from the remaining patients, and we have no explanation for why
he responded so well to the antigens.

Suppression of parasite-specific lymphocyte responses in man with acute
falciparum malaria has been reported by Troye-Blomberg et al. (1984). How-
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ever, these authors found that the response to non-specific mitogen (PHA) was
also suppressed (Troye-Blomberget al.. 1983). In the present study, the response
to lectin mitogens (PHA, PWM, Con A) was not significantly different when
comparing the patients with acute malaria with persons having had malaria two
weeks to one year previously; in particular, the median response of the patients
to PHA (at a concentration of 5 ug/ml) was normal. The response to PPD was
also normal in the patients with acute infection,

Previous reports concerning lymphocyte responsiveness to non-specific
antigens and mitogens in acute human malaria are conflicting. Greenwood et al.
(1972), MacDermottetal. (1980) and Ballet et al. (1982) found that the response
to PHA was normal. Moore et al. (1974), studying the PHA response of whole
leukocyte cultures, showed that responses were depressed at a low dose (0.1
ug/ml) of PHA, but normal at a higher dose (1.0 ug/ml). Troye-Blomberg et al.
(1983) found that the PHA response of lymphocytes was reduced cven at a
higher dose (5 ug/ml) of PHA, while the response to PWM was normal. How-
ever, these authors have later shown that purified T cells from patients with
acute malaria did ot respond significantly differently to PHA. compared to T
cells from immune, non-parasitacmic individuals (Troye-Blomberg et al.,
1984). Brasseur et al. (1983) found that even in patients with high parasitaemia
and cerebral malaria, proliferative responses to lectins were within normal
ranges, while responses to candidin were suppressed in parallel with delayed
cutaneous responses. Our results are in agreement with those of Druihle et al.
(1983), who found that the response to PHA, PWM, Con A and candidin was
normal in most patients with mild malaria infection.

McDonald and Sherman (1980) pointed to four different mechanisms of
depression of cellular immunity in murine malaria: immune complexes, high
titres of antibodies, a heavy antigen burden and migration of mononuclear cells
to the spleen and the liver. The lack of responsiveness to malaria antigens in
human malaria may simply reflect recruitment of reactive cells out of the blood
stream (homing), into the spleen or the liver. Troye-Blomberg et al. (1984)
pointed to certain irregularities in composition of T cell subsets — suppressed
helper/suppressor ratios — as a possible mechanism of malaria specific impaired
responsiveness. Weidanz (1982) concluded that no single mechanism could
explain the depressive effects of malaria on host immunological activity.

Malaria-induced immunodepression of parasite-specific responses may be
a complicating factor in immunization against malaria (Weidanz, 1982). On the
other hand, the suppression found in the present study was only transitory, and
the specific responsiveness was retained for up to four years post infection, and
possibly longer. Accordingly, Wyler and Oppenheim (1974) showed that lym-
phocytes from persons, who had been infected with P. falciparumup to 15 years
previously, underwent significant in vitro proliferation in response to malaria
antigens.

Which subsets of lymphocytes that respond to the malaria antigens and the
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mechanism(s) of suppression of specific antigen responses as well as their role in
the slow development of immunity against malaria is currently being investiga-
ted. Also the possibility of homing of reactive cells, ¢.g. into the spleen, deserves
clarification.

Acknowledgments

Ms. Aasc Billesbelle, Ms. Tove Dannemann Jensen, Ms. Inge Damgaard Knudsen and Ms.
Susanne Meldgaard are thanked for excellent technical assistance. This study was supported by grant
12-3437,12-3479, 12-4067, 12-4683 and 12-5026 from the Danish Medical Research Council. by
grant 104.Dan.8/318, 104.Dan.8/348. 104.Dan.8/1081 and 104.Dan.8/1085 from DANIDA and by a
grant from Thorvald Madsens Foundation.

Ballet J. J.. Agrapart M.. Monjour L., Bourdillon F., Karam M., Kyelem M., Kyelem J. M., Stoeckel
P.: Etude de I'immunit¢ humorale et cellulaire aprés vaccination antitétanique chez I'enfant
africain malnutri et paludéen. 2. Etude in vitro des réponses cellulaires non spécifiques et spccifi-
ques a I'anatoxine tétanique. WHO Bull. 60, 597-604 (1982).

Brasseur P.. Agrapart M., Ballet J. J.. Druihle P.. Warrel M. J., Tharavanij S.: Impaired cell-mediated
immunity in Plasmodium falciparum-infected patients with high-parasitacmia and cercbral mala-
ria. Chin. Immunol. Immunopathol. 27, 38-50 (1983).

Bygbjerg I. C.. Jepsen S.. Theander T. G.. @dum N.. Kappelgaard E.: Lymphocyte blasttransforma-
tion with soluble antigens of Plasmodium falciparum during and after acute malaria. 2nd Int. Conf.
Malaria and Babesioses, Annecy, France, 4.9. 1983,

Bygbjerg 1. C., Jepsen S., Theander T. G., @dum N.: Specific proliferative responsc of human
lymphocytes to purified soluble antigens from Plasmodium falciparum in vitro cultures and to
antigens from malaria patients’ sera. Clin. exp. Immunol. 39, 421-426 (1985).

Druihle P., Brasseur P., Agrapart M., Ballet J. J., Chanthavanich P., Looarcesuwan S., White N.,
Warrel M., Warrel D., Tharavanij S., Gentilini M.: T-cell responsiveness in severe Plasimodium
falciparum malaria. Trans. roy. Soc. trop. Med. Hyg. 77, 671-672 (1983).

Greenwood B. M., Bradley-Moore A. M., Palit A., Bryceson A. D. M.: Immunosuppression in
children with malaria. Lancet /972/1, 169-172.

JepsenS., Andersen B. J.: Immunoadsorbent isolation of antigens from the culture medium of in vitro
cultivated Plasmodium falciparum. Acta path, microbiol. scand. Sect. C 89, 99-103 (1983).

Lelchuk R.. Playfair J. H. L.: Two distinct types of non-specific immunosuppression in murinc
malaria. Clin exp. Immunol. 42, 428-435 (1980).

MacDermott R. P., Wells R. A., Lolyomi S., Pavanand K., Phisphumvidhi P.. Permpanich B.,
Gilbreath M.: Examination of peripheral blood mononuclear cells and sera from Thai adults
naturally infected with malaria in assays of blastogenic responsiveness to mitogenic lectins and
allogenic cell surface antigens. Infect. Immun. 30, 781-785 (1980).

McDonald V., Sherman 1. W.: Lack of correlation between delayed-type hypersensitivity and host
resistance to Plasmodium chabaudi infection. Clin. exp. Immunol. 42, 421-427 (1980).

Moore D. L., Heyworth B., Brown J.: PHA-induced lymphocyte transformation in leukocyte cultures
from malarious, malnourished and control Gambian children. Clin. exp. Immunol. /7, 647-656
(1974).

Troye-Blomberg M., Sjoholm P. E., Perlmann H., Patarrovo M. E., Perlmann P.: Regulation of
immune response in Plasmodium falciparum malarna. 1. Non-specific proliferative responscs in
vitro and characterization of lymphocytes. Clin. exp. Immunol. 53, 335-344 (1983).

6l



Troye-Blomberg M., Romero P., Patarroyo M. E., Bjorkman A., Perlmann P.: Regulation of the
immune response in Plasmodium falciparum malaria. I11: Proliferative response to antigen in vitro
and subset composition of T cells from patients with acute infection or from immune donors. Clin.
exp. Immunol. 58, 380-387 (1984).

Weidanz W. P.: Malaria and alterations in immune reactivity. Brit. med. Bull. 38, 167172 (1982).

Wyler D. J., Oppenheim J. J.: Lymphocyte transformation in human Plasmodivm falciparum
malaria. J. Immunol. /13, 449-454 (1974).

62



	Lymphocyte response to purified "Plasmodium falciparum" antigens during and after malaria

