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Fluorescent Antibody Testing with Sporozoites of Plasmodia *

by A. CORRADErH, F. VEROLINI, A. SEBASTIANT, A. M. PRoEn and L. AMATI, Istituto Superiore di Sanita,
Rome, Italy

The specific identification of the sporozoites of
plasmodia for possible utilization in the field consti-
tutes one of the problems the solution of which may
be of primary importance for malaria eradication.
It is considered a hard problem, as studies on the
morphology of the sporozoites of the different
species of plasmodia have given results which are
unsatisfactory from a practical point of view.

Reactions of an antigen-antibody nature appeared
to be the most promising, so our attention was
directed to fluorescent antibody methods for the
identification of sporozoites. It was assumed that
sporozoites belonging to different species of plas-
modia might act as different antigens when injected
into non-susceptible animals (e.g., rabbits) and
cause them to form specific serum antibodies. The
expected consequence was that the immuno-
fluorescent method of staining would reveal the
presence of such specific antibodies when they came
into contact with the corresponding sporozoites.

This theoretical assumption needed to be experi-
mentally proved and our efforts were directed towards
this objective. The results of first attempts to obtain
experimental proof of this theoretical assumption
are reported the present note.

Techniquefor obtaining sporozoites freefrom mosquito
cells
One of the greatest of the many difficulties we

encountered was to obtain sporozoites for injection
so free from mosquito tissues that only antibodies
specific for sporozoites would be produced, without
interference from antibodies produced by mosquito
proteins which might affect fluorescence.
To solve this problem we made numerous attempts

with separations in liquids of various density, pas-
sages through porous filters, and fractionating

* The work described in this paper was assisted by the
World Health Organization. Preliminary accounts of the
results were presented at the Seventh International Congresses
of Tropical Medicine and Malaria, Rio de Janeiro, 1963,
and at the Third National Congress of the Italian Society
of Parasitology, Palermo, 1963.

centrifugations; but these were all unsuccessful.
Finally we reached the goal with the very simple
method described here.

Salivary glands of infected mosquitos were
dissected on a slide in quite a large drop of physio-
logical solution, and a cover-glass was placed very
carefully on the drop so that it remained floating on
the surface. A capillary tube was then placed in
contact with one of the corners of the cover-glass
and the excess liquid passed into the capillary tube.
Small drops of physiological solution were allowed
to fall slowly on to the opposite corner of the cover-
glass. A slightly fluctuating stream of liquid was
thus formed, which passed between the slide and the
floating cover-glass, ending up in the capillary tube,
which had a right-angle bend and terminated in a
test-tube in which the liquid was collected (Fig. 1).

FIG. 1
TECHNIQUE FOR ISOLATING SPOROZOITES

FROM MOSQUITO SALIVARY GLANDS
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FIG. 2
SPOROZOITES ISSUING SPONTANEOUSLY
FROM SALIVARY GLAND AND STREAMING

INTO THE CAPILLARY TUBE

- 1gl.o.||g E E~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~...'....

'~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~. 4..

+ ++++-.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~ ~

Under the microscope it can be seen that the
sporozoites spontaneously issue from the salivary
glands in enormous numbers and are swept into the
capillary tube by the slow stream produced by the
falUing drops of physiological solution (Fig. 2). The
salivary glands soon become empty of sporozoites or
nearly so. If the operation is carefully performed, the
salivary glands remain intact, retaining their usual
sha.pe.
The liquid colected in the test-tube contains

sporozoites only, no cells of mosquito tissue being
visible.
The concentration of the sporozoites in the liquid

can be increased by centrifugation and the number
of the sporozoites per mm" of the centrifugate can be
determined with a Thoma-Zeiss counting chamber.
By this method pure sporozoite material can be

obtained in suitable condition for biochemical and
immunological studies.

Sporozoite staining with fluorescent antibodies
We have immunized rabbits with sporozoites of

Plasmodium (Haemamoeba) gallinaceum and tested
the production of antibodies and their specificity by
attempting the fluorescent staining of sporozoites of
P. (H.) gallinaceum and P. (H.) giovannolai.

Immunization of rabbits against sporozoites of
P. gallinaceum. In these preliminary experiments we
had no idea of the dosage of sporozoites needed or
of the rhythm of the successive inoculations of anti-
genic material which would be the most suitable for
optimum antibody production; therefore our pro-
cedure was empirical.
Each inoculation contained the sporozoite content

of about 150 salivary glands, the actual number of
sporozoites present in the inoculum always being
determined and noted. We also varied the number
and the rhythm of the inoculations in order to obtain
the basic data on which to base a standardized
method for future research. These data and the
results obtained for the individual rabbits are
reported below.

Preparation of fluorescent antibodies. The fluo-
rescent antibodies were prepared by the method of
Coons & Kaplan.a This involves extraction of the
globulin in a saturated solution of ammonium sul-
fate, followed by dialysis in physiological solution
at pH 7, with 0.01 M phosphate buffer, then filtra-
tion on a Sephadex G-25 column; the ifitrate is
diluted in physiological solution with bicarbonate/
carbonate 0.5 M at pH 9 and placed in contact with
fluorescein isothiocyanate; the excess colour is
eliminated on a Sephadex G-50 column; the con-
jugated globulins are adsorbed twice on acetone-
dried powdered pigeon-liver. The globulins are
stored in small flasks at -20OC.

Experiments and results

Six rabbits were inoculated with sporozoites; the
first rabbit was kept for long-term experiments
which are still under way, and the second died during
the immunizing process. The other four rabbits
were employed for the present experiments, the
technical details and the results of which are given
here separately for each rabbit.

Rabbit No. 3 was given, over 23 days, five inocula-
tions with a total of 206 010 sporozoites (26 620 the
first day, 30 000 after 7 days, 53 790 after a further

a Coons, A. H. & Kaplan, M. H. (1950) J. exp. Med.,
91, 1-13.



FLUORESCENT ANTIBODY STAINING WITH SPOROZOnTES OF PLASMODIA

3 days, 66 200 after a further 4 days, and 29 400
after a further 9 days). The rabbit was bled for
globulin extraction 20 days after the last inoculation.
The sporozoites of P. gallinaceum were intensely
stained by the conjugated globulins, while those of
P. giovannolai were either not stained or showed the
same very weak staining as that produced by the
controls (i.e., globulins taken from the serum of
normal non-immune rabbits and conjugated with
fluorescein isothiocyanate).

Rabbit No. 4 was given, over 41 days, five inocula-
tions with a total of 175 800 sporozoites (24 640 the
first day, 4080 9 days later, 35 630 after a further
6 days, 28 050 after a further 17 days, and 83 400
after a further 8 days). Bleeding for extraction of
globulins was made 59 days after the last inoculation.
The conjugated globulins stained the sporozoites of
P. gallinaceum very weakly.

Rabbit No. 5 was given, over 110 days, six
inoculations with a total of 171 780 sporozoites
(19 800 the first day, 18 000 after 13 days, 18 200
after a further 3 days, 18 900 after a further 6 days,
58 800 after a further 19 days, and 38 080 after a
further 69 days). This rabbit was bled 27 days after
the last inoculation. There was very intense staining
of the sporozoites of P. gallinaceum, but no staining
of the sporozoites of P. giovannolai.

Rabbit No. 6 was given, over 22 days, three in-
oculations with a total of 157 900 sporozoites
(60 000 the first day, 43 700 after 11 days, and
54 200 after a further 11 days). Bleeding was per-
formed 20 days after the last inoculation. The
staining of the sporozoites of P. gallinaceum was
very weak.

Discussion

The results of these experiments show that the
main objective-that of staining sporozoites of
P. gallinaceum with specific fluorescent antibodies-
has been fully achieved. Rabbits 3 and 5 produced
antibodies against the sporozoites of P. gallinaceum
in such an amount as to give a very intense reaction
after conjugation with fluorescein isothiocyanate
(Fig. 3).
The fact that the staining was specific for P. gal-

linaceum is very interesting. Sporozoites of
P. giovannolai, an avian Plasmodium species belong-
ing to the same subgenus (Haemamoeba) as P. gal-
linaceum, were not stained.

In rabbits 4 and 6 the results were insufficient.
Their serum globulins conjugated with fluorescein
isothiocyanate stained the sporozoites of P. gal-

FIG. 3
SPOROZOITES OF PLASMODIUM GALLINACEUM
AFTER CONJUGATION WITH GLOBULINS

FROM IMMUNE RABBIT SERUM a

a Magnification: X 2000.

linaceum only slightly more than did the control
globulins from non-immune rabbit serum.

Correlation of these results with the variations in
dosage and rhythm of immunization provides a
number of useful indications for further experiments.

It seems probable that the relatively poor result
obtained with rabbit 6 is due to the fact that only
three inoculations of sporozoites were made over a
short time (22 days) and that the total number of
sporozoites injected was less than in the other
rabbits. It is also probable that in rabbit 4 the result
was disappointing because the time between the last
inoculation and bleeding for extraction of globulins
was too long (59 days).
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The proper technique seems to be as follows:
(1) injection of a total of 175 000-200 000 sporozoites
in 5-6 inoculations and (2) bleeding within a month
of the last immunizing inoculation. In further
research we shall try to standardize a method which
will give optimum results.

Staining sporozoites of plasmodia with fluorescent
antibodies opens the way to research which may have
practical importance. The fluorescent antibody
staining appears to be specific and it may therefore
prove possible to identify sporozoites found in
mosquitos captured in nature.

Serological Tests for the Confirmation of Plague Infections:
A Preliminary Communication

by K. F. MEYER, M.D., George Williams Hooper Foundation, University of California, San Francisco,
Calif., USA

A rural plague outbreak in Ovamboland, South-
West Africa, in 1962 and 1963 offered the oppor-
tunity of examining the sera of persons who had
recovered from the disease after treatment with
streptomycin. For the performance of these tests
the technical procedures originally developed by
Chen and co-workers a, b and recommended by an
international group of experts (see Baltazard et al.,c)
have been refined by the use of a highly purified
P. pestis Fraction 1 (F1) antigen and have been
adapted to the microtitre equipment described by
Sever. d e Initial tests were made with serum
specimens collected at intervals ranging from 6 to 55
days after onset of the disease.
Out of 25 clinically suspected Ovambos (11 of

whom had been bacteriologically proved to suffer
from plague) 20 reacted positively in haemagglutina-
tion (HA) tests and 13 in complement-fixation (CF)
tests with the purified F1 antigen. The HA macrosco-
pic serum titres ranged from 1:512 to 1:32 768,
those in the complement-fixation tests from 1:4 to
1:256.

a Chen, T. H., Quan, S. F. & Meyer, K. F. (1952) J. Im-
munol, 68, 147.

b Chen, T. H. & Meyer, K. F. (1954) J. Immunol., 72, 282.
c Baltazard, M., Davis, D. H. S., Devignat, R., Girard,

G., Gohar, M. A., Kartman, L., Meyer, K. F., Parker, M. T.,
Pollitzer, R., Prince, F. M., Quan, S. F. & Wagle, P. (1956)
Bull. Wid Hlth Org., 14, 457-509.

d Sever, J. L. (1962) J. Immunol., 88, 320.
e A full final report giving details of the test procedures

will appear in due course.

The five 7-18-year-old persons who reacted
negatively in the HA tests were stated to have suffered
respectively from " typical " femoral or inguinal
buboes, atypical or mild plague, non-specific
lymphadenitis, and a " furuncle " near the umbilicus.
A re-examination of the sera of the positively

reacting individuals 7-9 months after onset of the
disease revealed CF titres varying from zero to 1: 8,
while the HA titres dropped, as a rule, to
one-half to one-sixteenth of their original level.
In three persons, two of whom were under 10 years
of age, the originally significant HA titres (1:32,
1: 2048 and 1: 8192) had even declined to zero within
eight months. However, in marked contrast to
these findings, a woman who had suffered from a
culturally confirmed plague attack and had shown
an extraordinarily high initial HA titre (1: 32 768)
still had a CF titre of 1:16 and anHA titre of 1: 8192.
Since X-ray examination showed a chronic patholo-
gical process in her left hip joint suspected to be due
to an unresolved plague infection, she was once
more intensively treated with streptomycin. Marked
clinical improvement ensued but it has not yet been
possible to retest her serum.
During a personal inspection tour made by the

author eight months after the outbreak, 16 additional
serum specimens were collected from Ovambos, in
14 of whom a diagnosis of plague had been made on
clinical grounds, while in two the presence of the
disease had been bacteriologically confirmed. In
seven members of this group HA tests gave a positive
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