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IMMI.INODETECTION OF PLASMODIUM FALCIPARUM
ZYGOTES AND OOKINETES IN ANOPHELES BLOOD MEALS
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ABSTRACT. An indirect fluorescent antibody assay (IFA) using monoclonal antibodies to the 25-
kDa Plasmodium falciparum ookinete surface antigen was developed to detect and quantifu preoocyst
stages of P. falciparum in mosquito blood meals. This IFA is suitable for the detection and quantitation
of zygotes/macrogametes, retorts (immature ookinetes), and ookinetes. Time-course evaluations showed
that zygotes represented >520lo of the parasites detected between 6 and24 h. From 24 to 36 h similar
densities ofall 3 stages were observed. By 42h,560/o ofthe detectable parasites were ookinetes. Compared
to the hemocytometer the IFA provided a better estimate ofstage-specific infection rates and densities.
The assay is a useful new tool for evaluating preoocyst stages in laboratory-infected mosquitoes and has
the potential for detecting natural infections in vector populations.

INTRODUCTION

Findings that the ookinete is the key transi-
tional stage in Plasmodium falciparum sporog-
ony emphasize ihat ookinete densities are key
determinants of sporozoite rates in anopheline
mosquitoes (Beier et al. 1992; Vaughan et al.
1992, 1994).Although a technique forexamining
ookinetes in mosquito blood meals was de-
scribed 60 years ago (James 1934), few studies
have investigated quantitative relationships be-
tween the various preoocyst stages. Convention-
ally, the oocyst has been used as the first indi-
cation of sporogonic development in individual
mosquitoes. In part this is due to the lack of
suitable methods for detecting earlier sporogonic
stages. Attempts to isolate ookinetes from mos-
quitoes have yielded preparations that are con-
siderably contaminated with mosquito tissue and
red blood cells (Weiss and Vanderberg 1976).

Recent studies have delineated methods for
estimating absolute ookinete densities in indi-
vidual experimentally infected (Vaughan et al.
l99l) and naturally infected (Beier er al. 1992)
mosquitoes. However, each method has tech-
nical limitations that compromise the accurate
detection of low-grade infections. The objective
of this study was to develop better methods for
detecting and quantifying early stages of P. fal-
ciparum in mosquitoes.

MATERIALS AND METHODS

Three colonized Anopheles species, reared at
28'C and 70olo RH, were used in this study. These
included Anopheles albimanus Wiedemann

t Present address: Kenya Medical Research Institute,
P. O. Box 54840, Nairobi, Kenya.

(Panama 2 strain), Anopheles freeborni Aitken
(Marysville strain; original F-l strain isolated in
| 9 44), and, A n op h e I e s ga m b i ae Glles (G3 strain).

Plasmodium falciparum (NF54 strain) game-
tocytes were cultured in vitro tsingmodifications
ofthe methods ofPonnudurai et al. (l 982). Three-
to 8-day-old mosquitoes were allowed to feed on
gametocyte cultures (diluted l:8 with a l:l mix-
ture of heat inactivated human sera:washed hu-
man red cells) contained in water-jacketed mem-
brane feeders at 37"C. Fully engorged mosquitoes
were provided with 5olo Karo (corn syrup) solu-
tion and were held at 27oC and 70olo RH.

At selected time intervals, midguts dissected
in phosphate buffered saline (PBS) (pH 7.4) were
homogenized in 20 pl of 3olo acetic acid to lyse
the red blood cells. Ten microliters of the sus-
pension were placed in a hemocytometer cham-
ber after which parasites in 4 0. l -pl corners were
quantified under phase-contrast microscopy
(400x1 (i.e., the theoretical limit of resolution
for this method is 50 parasites per midgut). For
each mosquito, ookinete counts obtained with
the hemocytometer were multiplied by 50 (to
account for total sample volume) to provide an
estimate of absolute ookinete density.

For evaluation by the indirect fluorescent an-
tibody (IFA) method, the residual suspension
(after loading the hemocytometer) was diluted
with 20 pl Tris-acetic acid, spotted (6 pllwell) on
poly L-lysine coated microwell slides, and al-
lowed to air dry. Slides not assayed immediately
were wrapped in aluminum foil and held at
- 70"C. Prior to assay, reagents and samples were
allowed to attain room temperature. Then, slides
were held in PBS (pH 7 .4) for 5 min. Monoclonal
antibodies to the P. falciparum 25 kDa ookinete
surface antigen (Vermeulen et al. 1985) were di-
luted 1:200 in PBS. A 20-ttl aliquot was placed
on each well and the slide was incubated in a
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into retorts or ookinetes, respectively. The 7-fold
decrease in peak parasite densities between zy-
gotes and ookinetes is within the range observed
for macrogametocytes in earlier studies (Vaughan
et al. 1992).

The IFA has potential for delayed analysis of
field-collected specimens. Although in this study
all samples were kept frozen, preliminary studies
indicate that after parasites have been spotted
on the microwell slides they can be held at room
temperature before or after assay for several
months without loss ofimmunoreactivity or flu-
orescence, respectively.

Immunological methods have been used to de-
tect sporozoites in mosquito tissues but no assay
is available for earlier stages. Enzyme-linked im-
munosorbent assays (ELISAs) are useful tools for
detecting sporozoite infections but would be in-
adequate for detecting earlier sporogonic stages
such as ookinetes because: I ) unlike sporozoites,
surface proteins ofookinetes do not possess re-
peat regions (Kaslow et al. 1988), and 2) in na-
ture, these stages occur at low densities (Beier et
al. 1992). We have demonstrated the feasibility
of using antibody-based IFA methods to detect
ookinete infections iir individual mosquitoes.
Corresponding studies should be conducted to
assess early stages ofP. falciparum in naturally
infected vectors.
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