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Immunofluorescence Studies on the Erythrocytic and Sporogonic Stages
of the Malaria Parasite: Stippling in Infected Erythrocytes *

by H. M. S. EL-NAHAL, Department of Parasitology, London School of Hygiene and Tropical Medicine,
London, England

The growth of the malaria parasite in the red
blood corpuscle is accompanied by various changes
in the host cell; changes in size and shape of the cell
or position of the nucleus, if one is present, may
occur. Apart from these changes, the erythrocyte
may show peculiar dots or "stippling "; this ap-
pearance is revealed by Romanovsky staining of
blood films in infections with primate malaria
parasites but has not yet been demonstrated with
avian and rodent malaria.
Using the fluorescent antibody technique (FAT),

Tobie & Coatney a were the first to observe fluo-
rescent stippling in erythrocytes infected with
Plasmodium vivax and P. bastianeiii. These observa-
tions were confirmed later by Voller b, c and Voller &
Bray dl in P. berghei, P. falciparum, P. ovale and
P. malariae infections.

In the present work, the phenomenon was in-
vestigated in various species of avian and mammalian
malaria parasites, using the indirect FAT.

Material and methods
The following species were studied:
(1) Human parasites: P. vivax, P. falciparum;
(2) Monkey parasites: P. cynomolgi bastianellii,

P. shortti, P. knowlesi, P. coatneyi, P. fragile;
(3) Rodent parasites: P. berghei berghei, P. b.

yoelii, P. vinckei vinckei, P. v. chabaudi;
(4) Avian parasites: P. gallinaceum, P. juxta-

nucleare.
Antigen slides. Slide antigens of P. vivax and

P. falciparum were available only after 2 years'
storage at -70°C. Those of other species were
freshly prepared as thin blood smears from infected
animals during the period of rising parasitaemia.

* This work was supported by a grant from the World
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Thin blood smears were also prepared from a rhesus
monkey, 73/4 days after a sporozoite-induced infec-
tion with P. c. bastianellii, just after the tissue
merozoites invaded the erythrocytes (earliest ring
forms).

Sera. Sera used were obtained from animals with
chronic infections of the homologous malaria para-
site. However, sera immune to P. vivax, P. coatneyi
and P. fragile were not available and an anti-
P. c. bastianellii serum was applied to stain these
species. Normal man, monkey, rat and chicken sera
were used as controls.

The fluorescent antibody technique. All sera were
used at 1:10 dilution in phosphate-buffered saline
(PBS). The antigen slides were fixed in acetone at
-20°C for 5 minutes. This method of fixation was
found to preserve the morphological integrity of the
parasites and blood cells and to give the highest
intensity of fluorescent staining of dots. After fixa-
tion, the slides were quickly dried in air, washed in
PBS and stained as usual by the indirect FAT.
As controls, a parallel series of slides was stained

with normal man, monkey, rat and chicken serum,
and another series was stained by fluorescein-labelled
anti-species globulins without any serum.

Results
None of the preparations treated with normal sera

or with fluorescein-labelled anti-species globulins
alone showed any fluorescence.
Those slides which were treated with immune sera

showed the cytoplasm of the parasite to be highly
fluorescent while the nucleus and the malaria pigment
were non-fluorescent. Fluorescent spots or stippling
appeared in the cytoplasm of the erythrocytes
infected with all the primate malaria parasites ex-
amined and in both subspecies of P. berghei. In
P. v. chabaudi fluorescent dots were only occasionally
apparent and in the morphologically related P. v.
vinckei their presence was not clear but could not
be excluded. No fluorescent stippling was seen in
avian erythrocytes infected with P. gallinaceum and
P. juxtanucleare (Fig. 1-10).
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FIG. 1-5
STIPPLING IN ERYTHROCYTES OF VARIOUS MAMMALS INFECTED WITH MALARIA PARASITES,

AS DETECTED BY THE INDIRECT IMMUNOFLUORESCENT TECHNIQUE a

1. P. vivax; clots al-e abuLctillIt aild large irn size.

2. P. falciparilrm: fluorescent clefts aore few ari-d appear as
loops or riniglets.

3. P. c. bastfianelli: earliest iring forimis, 7 3/., days after a
spolozoilte-inIdLcedC inifectioni. Dots aire few in rnllilber,
somiie are fire arid sorie are larger.

45P c. bastianelliu: later itn nirfectioIi, stippling is frecluenit
anid the dots are slightly smaller tliar in P. vivax.

5. P. shortii: tinly fluorescennt points in the protoplasm of the
host cell.
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FIG. 6-10
STIPPLING IN ERYTHROCYTES OF VARIOUS MAMMALS INFECTED WITH MALARIA PARASITES,

AS DETECTED BY THE INDIRECT IMMUNOFLUORESCENT TECHNIQUE a

6. P. coatt7eyi; splotches, few in IlLiniber aind
L ~~~~~discrete.

7. P. kn7owlesi; fineto coarse stipping, discrete.

8. P. fragile; dots few in nUmber (3-5), smiiall to
large in size, somietimnies attached to the
parasite anid somiletimiies discrete in the cyto-
plasmii or at the periphery of the erythrocyte.

9. P. b. berq)ej; dots are nearly the samlie size
as those of P. vivax bLut fewer irn number.
The sarime pattern was seeni in P. b. yo-Iii.

10. P. v. chabatidi: few large arid finie spots.
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Discussion and conclusion
From the results obtained, it seems that the

phenomenon of stippling, as detected by the FAT, is
a common feature of all mammalian malaria para-
sites, including, probably, the rodent species of
malaria which do not display this phenomenon under
Romanowsky staining. P. v. vinckei, in which
fluorescent stippling was not definite, is known to be
a poor antigen and its fluorescent quality is usually
unsatisfactory.c
Tobie & Coatney a suggested that Schiiffner's dots

were antigenic in nature since they fluoresced after
exposure to the fluorescein-labelled immune serum.
The same view was held by Voller b, c and Voller &
Bray d when they demonstrated fluorescent spots in
erythrocytes parasitized by P. berghei, P. cynomolgi,
P. falciparum, P. malariae and P. ovale, but not with
P. gallinaceum. These workers suggested that stip-
pling represented a leaking of parasite antigen,
probably an " exoantigen ", into the protoplasm of
the host cell. They assumed that in avian malaria
parasites, an exoantigen is lacking and thus no
fluorescent dots could be detected. This explanation
is, however, unsatisfactory. Torrey & Kahn e sepa-
rated, by an acid precipitation technique, an antigen
which was most probably an exoantigen from blood
plasma of ducks infected with P. lophurae.
Another view has been recently proposed by

Zuckerman. f Although Zuckermanf did not exclude
the possibility that these dots might be of parasite
origin, she suggested that the phenomenon might
result from the presence of an " autoantigen " in the
host cell and an " autoantibody " in the serum. The
autoantibody is supposed to develop in response to
altered host erythrocyte constituents which have
undergone minor antigenic alteration to form auto-
antigen as a result of a malaria infection. These
autoantibodies are supposed to cross-react with
parasitized and unparasitized erythrocytes, causing
their destruction. In a fluorescent test, Zuckerman f
suggested that both the malaria antibody and the
autoantibody entered the reaction, the first causing

e Torrey, J. C. & Kahn, M. C. (1949) J. Immunol., 62, 41.
f Zuckerman, A. (1966) Milit. Med., 131, Suppl., p. 1201.

the fluorescence of the malaria parasite, while the
second caused the fluorescence of autoantigens, or
stippling, in the red blood cell. Against this view one
can put forward the following points:

(1) Autoantibody is supposed to act on parasitized
and unparasitized erythrocytes, but the latter do not
show any specific fluorescence.

(2) The autoantibody has been suggested as the
cause of severe anaemia in avian malarial infec-
tions, , h yet fluorescent autoantigens have not been
reported in avian infections.

(3) Fluorescent stippling was found, in the present
study, very early in the infection, probably before a
possible antigenic alteration could occur in the host
cell to form autoantigens. Smears taken immediately
after the erythrocytes were invaded by merozoites
released from exoerythrocytic schizonts of P. c.
bastianellii were found to contain fluorescent spots
in the parasitized erythrocytes.

(4) P. vivax stippling was shown, in the pre-
sent study, to fluoresce when treated with anti-
P. c. bastianellii immune serum obtained from a
rhesus monkey. Although cross-reaction between
autoantibody supposed to be present in the monkey
serum and the autoantigen in human erythrocytes is
possible, this observation favours a common para-
sitic antigen rather than a common autoantigen.

In 1915, Ziemann i stated that stippling might
represent malarial nuclear debris. This suggestion
has now been disproved by the FAT, as nuclear
material of the malaria parasite is known not to
fluoresce. Recently, Rudzinska & Trager i have
tentatively identified Maurer's clefts, in erythrocytes
infected with P. coatneyi, as cast-off portions of the
parasite's outer membrane. This interpretation,
which may be true also for the other forms of
stippling, accords well with the antigenicity of these
structures, as demonstrated by the FAT.

g McGhee, R. B. (1960) J. infect. Dis., 107, 410.
h Sloan, B. L. & McGhee, R. B. (1965) J. Parasit., 51, 36.
Ziemann, H. (1915) Zbl Bakt., I. Abt. Orig., 76, 385.
Rudzinska, M. A. & Trager, W. (1968) J. Protozool.,
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