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Plasmodium gallinaceum as Antigen in the Diagnosis of Human Malaria *

by A. KIELMANN,1 N. WEISS & G. SARASIN 2

Over the past decade much work has been done
to find a reliable serological reaction for the demon-
stration of antibodies to human malaria infections.
In his summary of the various attempts and methods,
Tobie (1964) showed that none of the procedures
such as haemagglutination, complement fixation
(CF) and precipitation were of much use for prac-
tical purposes, mainly because of the difficulty of
obtaining sufficient plasmodial antigen. His opinion
was that the fluorescent antibody (FA) technique
yielded the most sensitive and reproducible results.
Thus Schindler & Voller (1967), when comparing the
CF with FA methods for the detection of malarial
antiserum, demonstrated that negative results were
obtained with the CF method when there was still
a demonstrable parasitaema in contrast to the FA
method, which in all cases of proven patent malaria
gave positive results.
Using the FA technique, antibodies to human

malarial parasites in a homologous as well as
heterologous (simian) system were demonstrated
almost simultaneously (Tobie & Coatney, 1961;
Voller, 1962; Voller & Bray, 1962; Tobie et al.,
1963). Techniques were elaborated using the simian
antigen for routine testing of malarial antisera in
human patients (Coudert et al., 1966) and the
various antigens were compared relative to their
source and reactivity with human and simian antisera
(Meuwissen, 1968). Titres obtained with simian
antigen differed little in magnitude from those from
a homologous system.
One of the main problems of the FA technique,

however, still remained the scanty supply of antigen.
Using a homologous system, it is often difficult to
find a patient with a high enough parasitaemia for
the blood smears to be of practical use. Even with
the currently used simian antigen, few laboratories
can maintain the necessary animal donors. There is
also some evidence suggesting that only the blood of
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a recently infected man or animal may be used for
the preparation of antigen-the most likely explana-
tion being that, once sufficient antibodies are being
produced by the infected host, these, by attaching
themselves to the respective sites on the antigen, may
give rise to an autogenous fluorescence with the
indirect FA technique. Kreier & Ristic (1964)
have demonstrated this phenomenon using Plasmo-
dium berghei as antigen, the smears of which gave a
fluorescence with the conjugated anti-mouse globulin
alone from the 10th day onwards, after infection,
and Garin et al. (1966) showed that the antigenic
value of smears prepared after infection from the
11th day onwards from monkeys parasitized with
P. cynomolgi bastianellii was almost zero. Although
a comparative study has not been carried out, to our
knowledge, using human malarial parasites, a similar
mechanism may be assumed to hold true.

Lippincott (1945) demonstrated, with the use of
the CF technique, that 30% of the sera of malaria
patients reacted positively with antigen prepared
from P. gallinaceum. But later attempts to obtain
cross-reactions between primate and avian malarial
species by use of the FA technique failed, or gave
inconclusive results. Thus Voller (1962) obtained
no reaction when he tested P. vivax antisera with
antigen prepared from P. gallinaceum and vice versa.
Similarly Ingram et al. (1961) examined antisera to
P. cynomolgi bastianellii against smears of P. galli-
naceum with negative results.

Recently Todorovic et al. (1968) showed that
cross-reactions could be obtained with a soluble
antigen prepared from the serum of chickens infected
with P. gallinaceum and primate malarial antisera
using the tube-latex-agglutination test. Kielmann &
Weiss (1968) were able to demonstrate that chicken
erythrocytes infected with P. gailinaceum reacted
with antisera to P. vivax and P. falciparum using the
FA technique.
The aim of our investigation was to develop a

technique for the detection of malarial antibodies
using the readily available P. gallinaceum as antigen
and to prove the specificity of this reaction as well
as its suitability for the diagnosis of all human
malaria species.

2586F



P. GALLINACEUM AS ANTIGEN IN DIAGNOSIS OF MALARIA 613

Materials and methods

Antigen. Our- antigen was prepared from a strain
of P. gallinaceum.1 Since 1959 it had been cyclically
maintained in the Swiss Tropical Institute (STI)
with four Aedes aegypti passages per year. Blood
was taken from 21-25-day-old chickens by cardiac
puncture between the 9th and 11th days after infec-
tion. By that time parasitaemia had usually reached
80 °/-90 %. Thin smears were prepared on previously
siliconized glass slides. These were then either used
directly or sealed in polyethylene bags in handy
packages of 5-10 slides per bag and stored at - 20°C
until use. In our experience they could be kept thus
for a period of one month without loss of antigenic
activity.

Antisera. The sera tested originated mainly from
Swiss patients seen or treated in the medical depart-
ment of the STI. Some additional sera were sent
to us from abroad. For preservation, sodium azide
was added at a final concentration of 0.1 %. The
sera were then divided into portions of 0.25 ml-0.5 ml
each and stored at -20°C. We have repeatedly tested
sera thus preserved for over 12 months and have
found no detectable loss in antibody titre.

Technique. The method employed was essentially
the one originally described by Kuvin et al. (1962)
with the modifications of using Evans blue as a
counterstain as proposed by Sodemann & Jeffery
(1966) and using as antigen non-dehaemoglobinized
smears fixed at room temperature in acetone for
10 min as recommended by Ambroise-Thomas (1969).
The fluorescein-labelled antihuman globulin was
obtained commercially from the Institut Pasteur,
Paris, and used in a dilution of 1/40. The initial
dilution of antisera was 1/10. Circles were drawn
around the areas on the blood smears intended for
the reactions, and the siliconized glass was laid bare
in between neighbouring reaction sites. Thus we were
able to perform up to 6 reactions per slide without
the risk of reagents from different sites running into
each other.

Microscope. A Wild M-20 microscope equipped
with an Osram HBO-200 light source was used
throughout. The primary and absorption filters
consisted of one " blue-light " BG-12 and one OG-1
filter, respectively. Results were read immediately
following the completion of the tests by two indi-
vidual operators on a blind basis. Titres were

1 Originating from CIBA Ltd., Basle, Switzerland.

derived from the final dilution still giving a definitive
fluorescence as compared to the nonfluorescence of
a preparation using the serum of a healthy individual
as antiserum. Fluorescence was never observed in
either the plasma or the nuclei of the red cells.
With very large parasites we observed a more or
less closed fluorescent ring which filled practically
the whole red cell. However, the centre, i.e., the
area of the nucleus, remained unstained.

Results
For the first part of our investigation, sera from

30 patients suffering from malaria infection, proven
by demonstration of the parasites in the peripheral
blood, were reacted with the slide antigens in 2-fold
dilutions. All of these sera gave positive results
(Table 1).

In addition, sera of patients suffering from amoe-
biasis, leishmaniasis, African trypanosomiasis, toxo-
plasmosis, filariasis, schistosomiasis, trichuriasis,
ancylostomiasis, ascariasis, leptospirosis, syphilis,
dengue, infectious hepatitis, echinococcosis, fascio-
liasis and actinomycosis were reacted with the slide
antigen for the demonstration of eventual cross-
reactions. None of these sera gave positive results
beyond a dilution of 1/10. Thus the titre of 1/20 was
considered specific. These findings correspond well
with the results given by Ambroise-Thomas (1969).
Whenever possible we tried to follow the antibody

response to treatment (see Table 2). Treatment
consisted of chloroquine (2100 mg) over 5 days and
primaquine daily for 14 days. Though, in one case,
the malaria parasite could not be demonstrated by
direct examination of the peripheral blood smear,
we have included it, as the clinical signs, symptoms
and response to the radical cure strongly suggested
malaria as diagnosis.

Further we have routinely tested the sera of 233
mainly Swiss persons returning from areas con-
sidered as malaria-endemic (Wkly epidem. Rec.,
1968), for the presence of antibodies to malaria
utilizing the FA technique with P. gallinaceum as
antigen. Of these, 50 (22.4%) gave positive results
with reciprocal titres of at least 20 or higher:
183 (77.6%) were negative.
Of 114 patients, who according to their own

statements were taking regular chemoprophylaxis,
15 gave a positive reaction against 35 in the remain-
ing group of 119 persons taking irregular or no
malaria prophylaxis.

Finally we tested the sera of 11 persons who had
suffered clinically for shorter or longer periods



TABLE 1
FA TECHNIQUE REACTIONS OF SERA OF 30 PATIENTS SUFFERING FROM MALARIA INFECTION, SHOWING

PARASITAEMIA AND DURATION OF CLINICAL ILLNESS AT THE TIME SERA WERE COLLECTED

Patient Reciprocal Pa rasi- Duration
No. antibody taemia a of clinical Comments

titre illness a

Infected with Plasmodium falciparum
6 20 + Unknown Reference serum obtained from abroad

7 40 + Unknown Reference serum obtained from abroad

8 20 + Unknown Reference serum obtained from abroad

42 10 _ Few days Relapse: parasites found during attack in 1968

67 80 + 8 days First attack: massive infection: patient died

156 10 + 1 day First attack: titre rose to 160 five days later

170 10 _ Few days Relapse: treated with chloroquine 1 year ago, asymptomatic since

221 20 - Unknown Several attacks during 6 months; self-treatment

447 320 + 7 days Clinical history not available

448 160 + 5 days Clinical history not available

449 320 + 7 days Clinical history not available

652 160 + 7 days First attack

869 640 + 3 weeks First attack

Infected with Plasmodium vivax
11 80 + Febrile since Acute attack: high parasitaemia

6 months

18 320 + 2 weeks First attack

97 80 _ 3 days Relapse: acute attack

154 20 + Few days Relapse

196 40 + Few days Acute attack

302 20 _ Unknown Relapse: first attack July 1968

313 20 _ Unknown Third day after chloroquine treatment

381 20 + Febrile since First attack 5 months ago
4 months

389 160 + 7 days 8 months asymptomatic after leaving malaria-endemic zone

412 40 _ 2 weeks Parasites found on 4th day of first attack: serum collected
on 6th day of primaquine treatment

434 160 + Unknown Clinical history not available

460 40 + Unknown First attack

Infected with Plasmodium malaria
190 80 ? Unknown Clinical history not available

8364 40 | ? Unknown Clinical history not available

7996 160 ? Unknown Clinical history not available

Infected with Plasmodium ovale
87 40 ? Unknown Clinical history not available

620 40 + 3 days First attack

a At th e time serum was collected for antibody titration.
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TABLE 2
ANTIBODY RESPONSE PRIOR TO AND AFTER TREATMENT

Reciprocal titre

Ptet Parasite 1fe fe
monthPatient ~~~~~Prior to Atr5Aer after endno. treatment days chloroquine of radicaltreatment chloroquine + primaquine ofrdcure

156 P. falciparum 10 160 20 10

652 P. falciparum 160 320 40

11 P. vivax 80 20

18 P. vivax 320 10

97 P. vivax 80 20

196 a P. vivax 40 40 40 20

389 P. vivax 160 160 40 20

434 P. vivax 160 20 20

460 P. vivax 40 20

620 P. ovale 40 40 20

283 Unknown 80 80 40

a The serum tested 2
zone, was negative.

months prior to first aftack, at the time of leaving a malaria-endemic

(maximum for more than 3 years) from febrile
episodes. The anamnestic information supplied and
the clinical signs and symptoms strongly suggested
malaria as diagnosis. However, either because of
irregular chemoprophylaxis, self-treatment, inability
to have a blood smear taken at the right time or
other reasons, the diagnosis of malaria had never
been established by means of direct visualization of
the parasites. The serological tests performed on
the sera of these patients revealed very low antibody
titres, 6 of them were even below the specific level
(Table 3). All patients were treated with the routine
antimalaria radical cure regimen mentioned above,
9 of them responded with complete remission of
symptoms. The other 2 did not report back for
checking (No. 220 and 254). Thus it seems that,
if the clinical symptoms and the anamnestic infor-
mation are suggestive of malaria, even a low titre
could provide enough indication to start specific
treatment.

Discussion

In all cases where patent malaria had been demon-
strated by direct examination of blood films, we
have obtained fluorescent antibodies with P. galli-
naceum as antigen, although in 3 cases (No. 42, 156,

TABLE 3
ANTIBODY REACTION OF SERA OF 11 PERSONS
WITH SUGGESTIVE SYMPTOMS OF MALARIA

Duration Time since ReciprocalPatient of leaving malaria- titre prior
no. symptoms endemic zone treatment

2 2 months Approx. 2 months 10

31 6 months I month 10

146 3 days 1 year 20

207 2 weeks 1 year 10

220 2 months Approx. 2 months 40

253 1 month Not specified 10

254 >3 years 15 years 40

297 2 weeks 5 days 10

303 1 week 5 days 10

381 >1 month 1 year 20

591 6 months I month 20

170), probably because of too recent an infection,
the antibody level was not high enough to give
the specific titre of 1/20. This finding is in agreement
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with the results of Tobie et al. (1966), who showed
that appreciable amounts of circulating antibodies
are detectable only 3-6 days after the appearance
of patent parasitaemia. In our study this interval
could not be determined as we were not dealing
with artificially induced but naturally acquired
malaria.

This observation and the ease with which P. galli-
naceum and its animal hosts may be maintained by
even small research laboratories suggests that P. gal-
linaceum may prove to be a valuable antigen for
the study of human malaria by the FA technique.

In one of our patients, P. falciparum could be
found in blood smears prepared on the first day of
clinical illness (serum 156) whereas the antibody
titre had not at that time reached the specific level.
But another serum sample taken 5 days later was
clearly positive for antimalarial antibodies. The
patient was treated with a standard course of chloro-
quine as soon as the parasitological diagnosis was
established. Therefore it cannot be decided if the
antibody titre of the patient was developing nor-
mally despite the treatment or if, on the contrary,
the antibody response was stimulated by an addi-
tional antigen release during the lysis of the parasites.
The data obtained from the routine examination

of persons returning from malaria-endemic zones
was statistically significant in respect of the effect of
prophylaxis on infection and, secondarily, in respect
of antibody production (2 %-5 %). Whether the fact
that even of those taking regular prophylaxis, 13%
showed a significant antibody titre is due to dif-
ferences in the chemical composition and effective-
ness of the chemoprophylactic agent, its mode of
administration or simply unreliable information
from the travellers as to the regularity of adminis-
tration, could not, with the relatively small popula-
tion studied, be determined and remains an open
field for further investigations.

In almost all cases where we were able to follow
the antibody response to treatment, a marked drop
in antibody titre occurred within a shorter time than
would be expected, had a natural elimination of
gamma-globulin by catabolism taken place. We
have, as yet, no explanation for this phenomenon.
In no case, however, did we obtain a negative reac-
tion, even as late as one month after termination
of the radical cure. These findings compare well
with those obtained by Ambroise-Thomas (1969).
This method with P. gallinaceum as antigen may

thus prove to be a useful epidemiological tool, as
well as being of valuable diagnostic aid in cases
where clinical or latent malaria persists for a longer
period, but where because of haphazard treatment,
failure to take blood smears at the right moment,
too mild an infection or other reasons, the definitive
diagnosis is never firmly established by finding the
parasites microscopically.
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