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Abstract—One hundred forty-nine Anopheles gambiae s.l. and 260 A.funestus were collected from the
field in Namawala, Tanzania in June 1994. The mosquitoes were dissected and examined for
plasmodium oocysts using two microscopic techniques and the polymerase chain reaction (PCR)
method. The oldest and simplest technique, the saline test, detected oocysts in 94 out of the 97
mosquitoes found to have oocysts by the more sensitive merbromin stain and PCR techniques. The
saline test was found to be a sensitive and reliable field technique for detection of large Plasmodium
oocysts in mosquitoes. The merbromin staining technique was as sensitive as PCR, detecting even
small oocysts.
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Resume—Cent quarante-neuf Anopheles gambiae s.l. et deux cent soixante (260) A.funestus ont ete
collectees en juin 1994, dans un champ a Namawala en Tanzanie. Les moustiques etaient disseques
et examines pour la detection des oocysts de Plasmodium par deux techniques microscopiques et par
la methode de reaction de la chaine polymerase (RCP). L'emploi de la solution saline, une technique
tres ancienne et tres simple, a permis de detecter des oocytes chez 94 des 97 moustiques ayant deja
temoigne de la presence des oocysts par les techniques tres sensibles: les traces de merbromine et la
RCP. Le test par la solution saline s'est revele etre une technique sensible et faible de terrain pour
detecter de gros oocytes chez les moustiques infectes de Plasmodium. La technique des traces de
merbromine etait aussi sensible que la RCP detectant meme les petits oocytes.

Mots Cles: oocysts de Plasmodium, moustiques, RCP, techiques microscopiques, A. gambiae, A.
funestus

INTRODUCTION

The saline test is perhaps the oldest technique
for the detection of oocysts (see Burkot et
al., 1984), and involves simply dissecting

the mosquitoes in physiological saline solution
under an ordinary dissecting microscope
providing 200x magnification. Trained eyes can
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easily recognise the oocysts as spherical bodies in
the periphery of the gut, as the gut is pulled and
stretched out during dissection. The technique
requires care in establishing the proper setting of
the incident light from the microscope to the gut,
and is limited by the size of the oocysts.

Merbromin is a mercurochrome preparation.
A 1% solution in distilled water is used for the
detection of oocysts (Githeko et al., 1992; Smith et
al., 1993; Vaughan et al., 1994). The mosquito gut,
dissected in saline or distilled water, is transferred
to a drop of merbromin solution on a microscope
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slide, covered with a cover slip and examined
using a compound microscope (total magnification
200 or 400x). The advantage of this technique is
that the oocysts are well stained, with dark
coloration, which makes it easy to see the
characteristic features of malaria parasites.
Experienced/or well trained workers can detect
oocysts as early as two days after an infectious
bloodmeal.

The PCR technique is by far the most
complicated and expensive of the three techniques
(Baker et al , 1994; Edoh, 1995). However, because
the target DNA molecules can be amplified several-
fold, even tiny oocysts can be detected. PCR,
however, has to be carried out under sterile
conditions to avoid contamination with unwanted
DNA molecules. Sterility is required even during
mosquito dissection. Futhermore, it may be
necessary to optimise the PCR reaction conditions
in order to obtain reproducible results.

In the course of experiments to determine the
infectiousness of Plasmodium falciparum
gametocytes for Anopheles gambiae s.l. and A.
funestus and to assess the genetic heterogeneity of
oocysts of malaria parasites found in these vectors,
an opportunity arose to compare the sensitivity of
above three methods for the detection of oocysts
in mosquito midguts.

MATERIALS AND METHODS

The procedure for assessing the performance of
the tests on vector mosquitoes was as follows:

For the saline test, mosquitoes were dissected
in a 0.9% NaCl physiological saline using a
dissecting microscope and the guts were examined
for oocysts. During dissection, fresh sterile needles
were used for each mosquito io prevent cross
contamination. For the merbromin test, all the
guts that had already been dissected out for the
first test, regardless of whether they had been
negative or positive, were stained in 1 % merbromin
solution and re-examined under a microscope.
Since PCR was to be carried out, the dissection and
staining were performed carefully to avoid cross-
contamination.
. For the PCR test, all the mosquito guts
previously examined, whether they had been
found negative or positive by the first two
techniques, were processed to extract DNA, which
was then amplified for the detection of merozoite
surface protein, MSP 1, of the major malaria
parasite, P. falciparum. The midguts were first
digested in lysis buffer containing proteinase K at

55°C for 1 hour, phenol/chloroform purified and
the parasite DNA pelleted with isopropanol
(Ranford-Cartwright et al., 1991). The parasite
DNA, stored at -20°C, was amplified using PCR
primers recognising tandemly repeated amino
acid sequences in Block 2 of MSP-1; first with
outer primers 01 and 02 (of sequences 5' to 3'
'CACATGAAAGTTATCAAGAACTTGTC and
'GTACGTCTAATTCATTTGCACG'), then with
nested primers Nl and N2 (of sequences 5' to 3'
'GCAGTATTGACAGGTTATGG' and
'GATTGAAAGGTATTTGAC') (Babiker et al.,
1994). Amplification was performed at 94 C for 25
s; 50°C for 35 s; 68°C for 150 s; for 30 cycles
(Ranford-Cartwright et al., 1991).

To establish their specificity and sensitivity,
the three methods were first tested on 20
laboratory-reared mosquitoes obtained from La
Roche Ltd., Basel. Ten mosquitoes were uninfected
and 10 had been infected with P. falciparum
gametocyte-enriched cultures through membrane
feeding. The study was designed such that none
of the examiners using one of the three tests knew
the other two's findings. All 10 uninfected
mosquitoes were found negative for oocysts by
saline, merbromin and PCR. The 10 infected
mosquitoes were found to contain oocysts by each
of the three methods. This result indicates that all
three tests were highly specific for oocyst detection
in laboratory-reared mosquitoes.

Field experiments were carried out in the village
of Namawala, near Ifakara in southern Tanzania.
Mosquitoes which had fed during the night were
collected in the morning by resting collections
from inside houses. A total of 409 mosquitoes
were collected of which 149 (36%) were A. gambiae
s.l. and 260 (64%) were A.funestus. The mosquitoes
were placed in paper cups covered with nets, and
kept for seven days in an insectary to allow oocysts
to develop then dissected. The mosquito midguts
were examined for oocysts using the three
methods. For each method, the examination was
carried out by a different trained worker. The
study design was such that neither of the examiners
using the saline, merbromin and PCR tests knew
the other's findings.

RESULTS AND DISCUSSION

In the preliminary survey on 20 laboratory-bred
mosquitoes, all three assays showed 100%
specificity. Of the 97 infected wild-caught
mosquitoes, the saline test detected oocysts in 94
of them. The merbromin and PCR test detected
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Table 1. Numbers of mosquitoes with and without
oocysts identified by three different methods
namely phosphate buffered saline microscopy
(saline test), merbromine stain microscopy

Table 2. Frequency distribution of oocysts in
midguts of mosquitoes dissected and examined
by merbromin test

Frequency

(PCR)

Results
Positives

A. gambiae s.l.
A.funestus

Negatives
A. gambiae s.l.
A. funestus

Saline

34
60

115
200

Methods
Merbromin

35
62

114
198

PCR

35
62

114
198

No. of
oocysts
per gut
1
1
2
3
4
5
6
7

A. gambiae s.l.

14
10
9
3
4
3
3
3

A.funestus
198
22
18
11
4
4
2
1Total 409 409 409

oocysts in all 97. Thus, the simplest of the three
diagnostic tests—the saline test—missed only three
positive guts each of which had one small oocyst.
The sensitivity of the saline test was therefore 97%
that of PCR or merbromin tests.

The frequency distribution of oocysts in the
guts as obtained using the merbromin test is shown
in Table 2. The number of oocysts per gut ranged
from 1 to 7. Most of the mosquitoes (30%) had one
oocyst per gut. The distribution of the number of
oocysts per mosquito is skewed to the right, with
a median of 0, geometric mean of 3.14 and SD of
1.39; only 4 mosquitoes had 7 oocysts each.

Recent development of advanced 'high-tech'
methods has increased the potential for detecting
different stages of the life cycle of tropical disease
parasites, in both humans and vectors. Both
radioactive and non-radioactive PCR and
hybridisation techniques have been developed
and some are already undergoing field trials
(Rodgers et al., 1990; Snounou et al, 1993) for use
in tropical diseases research. Other techniques
also in use or being developed include enzyme-
linked immunosorbent assay (ELISA) and
immunoflorescence assay (IFA) (Zavala et al., 1982;
Githeko et al., 1992; Zimmerman et al., 1992;
Tassanakajon et al., 1993). These methods are
specific, accurate and fast and although appear
likely to replace the old ones, this study suggests
otherwise.

In the past, the saline test with or without
staining was the standard method used for the
detection of plasmodium oocysts in mosquitoes
(Burkot et al., 1984).

A major disadvantage of the saline microscopic
method is that it does not distinguish the species
of oocysts and therefore it cannot be used to

Total 149 260

quantify P.falciparum infection in situations where
other Plasmodium species are present. In contrast,
the PCR method used is specific for P.falciparum.
In Namawala, sporozoite rates for different
Plasmodium species in wild mosquitoes have not
been determined. In human inhabitants, however,
Smith et al. (1993) reported that P. falcipanim
occurs perennially in 60-75% of the mosquitoes
while P. malariae occurs seasonally in less than
10% (Smith et al., 1993). Plasmodium malariae
infections do not last as long as those of P.falciparum
(Beier et al., 1994) and therefore even fewer than
10% P. malariae sporozoites are likely to be found
in a sample of field-caught mosquitoes.

In the field, where epidemiological surveys in
tropical parasitic disease research is done, large
samples of infected mosquitoes are often collected
(Baker, 1993; Kain and Lanar, 1991). How and
where these samples are processed should depend
on the information that is needed. To determine
the presence of oocysts, microscopy, with or
without staining, could be the method of choice.
The distribution of oocysts can also be determined
microscopically. Transportation of samples, which
is often cumbersome and costly can thus be
avoided.

There is, however, information that only
modern techniques, such as PCR, can provide. For
instance, PCR has been used to identify species
and strains of Plasmodium in the vector and also
species-specific malaria transmission (Snounou et
al., 1993; Tirasophon et al., 1993). Furthermore,
the PCR technique would probably be the method
of choice in surveys over large areas involving
large vector populations with high man-biting
indexes as in Tanzania (Smith et al., 1993), since
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conventional microscopic methods would be time-
consuming and require many microscopes and
trained personnel. In such cases, it is worth
considering whether the PCR technique could be
set up in the study area. It has been shown in
Ifakara Centre in Tanzania that this is feasible.

This study was not designed for cost
comparison of the techniques. However, some
cost estimates were made. The cost of the saline
test was a fifth of that of PCR. The expenditure for
the saline test was due entirely to labour costs;
microscopists were paid a daily allowance for
dissecting and examining mosquito midguts. The
PCR reagents were purchased at a discount from
Pelker Elmer, Switzerland and airfreighted to
Tanzania at a reduced rate, without which the
costs would probably have been higher. The cost
of the equipment and the highly qualified
personnel needed for the PCR assay have not been
considered here. Most developing countries cannot
afford to pay for these 'high-tech' techniques owing
to economic constraints. Therefore, techniques
need to be identified that are inexpensive, practical,
sensitive, easy to use and reasonably accurate. For
now microscopic techniques appear to fit the bill.
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