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Comparison of indirect haemagglutination and immunofluorescence tests
for malaria antibody in Aotus monkeys infected with Plasmodium
falciparum
Application of indirect haemagglutination tests for malaria
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Abstract

Longitudinal observations were made on 6 Aotus
monkeys repeatedly infected with Plasmodium falci-
parum ( West African andPalo Alto strains) . Immuno-
fluorescence titres were higher than indirect haemag-
glutination titres in theprimaryphase ofthe infections.
Both serological tests were consistently positive later
in the infections. Precipitins were often not detectable
even during episodes ofparasitaemla.

When indirect haemagglutination (IHA) and in-
direct fluorescent antibody (IFA) tests were applied
to human sera collected in Africa (Meuwissen et al.,
unpublished observations, 1973) differences in test
results were noted. Samples collected from people in
the younger age groups were IHA-negative or had
low IHA antibody titres but were usually IFA-
positive or had higher IFA titres. On the other hand
in older people IHA titres were generally higher than
IFA titres. Several possible explanations for this
phenomenon have been advanced, including the
suggestion that the IHA test might be inhibited by
soluble antigen and that it might detect only high-
affinity circulating antibodies.
The present report indicates that longitudinal

observations in Aotus monkeys infected with Plasmo-
dium falciparum provided evidence for a difference in
serologic reactivity in the IHA test between re-
sponses following primary and subsequent parasitae-
mias.
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Materials and methods

Sera. Sera were collected about 3-4 times per
month from 6 Aotus monkeys infected in London on
16 June 1972 with P. falciparum (West African strain,
5 x 103 parasites). The primary parasitaemia was
controlled with subtherapeutic doses of chloroquine
in monkeys AO 103, AO 104, AO 106, and AO 107.
The animals AO 109 and AO 110 were put on a milk
diet from 25 June to 2 July and from 9 July to 13 July
1972. These two monkeys were reinfected with the
West African strain on 5 July, 25 August, and
5 October. Finally, on 19 January 1973, they were
reinoculated with the East African (Palo Alto) strain
of P. falciparum. The other 4 monkeys were reinocu-
lated with the West African strain on 5 October 1972
and with the East African strain on 31 October 1972.
AO 106 and AO 107 died during the resulting para-
sitaemia, and AO 103 and AO 104 were reinoculated
with the East African strain on 19 January 1973.
They were killed in February 1973. Parasitological
blood examinations were performed at regular inter-
vals-daily during periods following an inoculation.

Serological tests. IFA tests were performed in
London by means of the methods described earlier
(1). As IFA antigen, P. falciparum Palo Alto
strain (AO 114) was used with 1:20 diluted anti-
human IgG (sheep) conjugate (Wellcome Reagents
Ltd.). The sera were also studied for the presence of
soluble antigen and for the appearance of precipitins.
Counter-immunoelectrophoresis was used to detect
precipitating malarial antibody. The antigen was
prepared from sonicated P. falciparum parasites
isolated from the blood of an infected Aotus monkey
(AO 116). The presence of soluble malarial antigen
in the plasma was detected by the same technique but
using plasma from a previously infected Aotus mon-
key known to react with soluble antigen. The IHA
test was performed as described earlier (2, 3) at the
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laboratory in Nijmegen, with sheep cells (sheep 21)
fixed with glutaraldehyde and sensitized with P. falci-
parum antigen prepared in monkey AO 8. All serum
samples were absorbed with control cells sensitized
with control antigen and prepared from noninfected
red cells of Aotus monkeys.

Results

The observations made in 4 of these animals are
graphically reproduced in Fig. 1-4. The reinocula-
tions with homologous and heterologous strains of
P. falciparum were followed by waves of parasitaemia
of varying density. As would be expected during a
state of premunition, the reinoculation with the West
African strain of P. falciparum in AO 103, 104, 106,
and 107 was not followed by a renewed parasitaemia.
In AO 109 and AO 110, with their suppressed pri-
mary parasitaemias, a wave of high parasite density
followed this reinoculation. Reinoculation with the
heterologous Palo Alto strain of P. falciparum caused
a renewed parasitaemia in all 6 animals.

Pir /10 000 E )
5000 Pf. 0W.A.)

2000

1000

500

41 0 ,,

100

I0

Pf.(W.A)
Y

IHA(e)| I FA () ttiter

20480

10240

5120

2560

1280

640

320

160

Ao,106
-I+ ++ - + -- + rec;itin40

<40

*..+- - 4-- - t±Precpi6ins

16-6-72 July Au,. Sep. Oct. Nov.

IFA() t;i-er

>20480

20480

10240

5120

2560

1280

A-,,'

320
160

so

A, 103 _ 40

1140
± *',.±.. ~~~PreC;P1t1"$

T . I
16-6-72 July Au4f,. Sep. Oct. Nov. Dec. Jan. 73

Fig. 1. Malarial parasitaemia, IHA and IFA titres, and
presence of precipitating antibodies in monkey AO 103.

Fig. 2. Malarial parasitaemia, IHA and IFA titres, and
presence of precipitating antibodies in monkey AO 106.

Gel diffusion test. Soluble precipitating antigen was
only demonstrated in the terminal plasma sample
from AO 107 when the parasitaemia was 50%. Dur-
ing the primary parasitaemia precipitating antibodies
were absent; they occurred after the first wave of
parasitaemia. Except for AO 107, precipitating anti-
bodies were present during the subsequent waves.

IFA test. In all 6 animals IFA antibodies were
demonstrated a few days after the appearance of
parasites in the circulation. Even when the parasite
density during the primary parasitaemia was low
(AO 109, AO 110), the secondary parasitaemia was
reflected in a secondary antibody response. In mon-
keys AO 103 and AO 104 the reinoculation with the
West African strain was followed by a rapidly
increasing antibody titre, but this phenomenon was
not seen in monkeys AO 106 and AO 107.
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Fig. 3. Malarial parasitaemia, IHA and IFA titres, and
presence of precipitating antibodies in monkey AO 109.
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Fig. 4. Malarial parasitaemia, IHA and IFA titres, and
presence of precipitating antibodies in monkey AO 110.

IHA test. There was no primary IHA antibody
response in animal AO 110; in the other animals the
primary IHA response appeared later and the titre
remained low in comparison with the IFA response.
There was also a tendency to an early return to
negativity in the IHA test following the primary
parasitaemia. The secondary waves of parasites were
followed by immediate and rapidly increasing IHA
titres. When, however, the period of primary para-
sitaemia was short and the density of parasites
remained low (AO 109, AO 110) the resulting IHA
antibody titre remained at a relatively low level.
The results of IFA and IHA tests show that in

general the IFA and IHA titre levels parallel each
other, with the exception of the period of the primary
parasitaemia. Moreover, in these animals the overall
IHA titres remained well below those found in the
IFA test. This implies that the IHA test could
become seronegative earlier than the IFA test.

Discussion

In seroepidemiological observations in Tanzania, a
difference between the results of IFA and IHA tests
was seen (Neuwissen et al., unpublished observations,
1973). In the present work we have tried to find an
explanation for this phenomenon by longitudinal
observations in a monkey model, as longitudinal
observations in people from malarious areas have
not yet been carried out. Extrapolation of the present
results to man provides a possible explanation of
why, in children, the mean IHA antibody titre levels
are rather low in comparison with the IFA levels.
The present results indicate a clear difference be-
tween malarial IFA and IHA tests in serological
reactivity during the primary antibody response. In
this situation the IHA response is at a comparatively
low level or is absent. The conversion to positivity of
the IHA test is delayed, and it shows a tendency to
disappear more rapidly. To what extent the antibody
molecules measured in the IHA test are different
from those demonstrated in the IFA test is not
known. It may be that the circulating antibodies
induced in a primary parasitaemia have lower affinity
so that they are more easily demonstrated in the IFA
than in the IHA test.
From a practical point of view it is important to

delineate the time and conditions under which the
different serologic tests become positive and when
they revert to negativity. This information can be
obtained only by the judicious use of animal models
in conjunction with observations on individual hu-
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man infections outside malarious areas and on longi-
tudinal population studies in malarious areas.
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