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Studies of the Transmission of Plasmodium gallinaceum
by Anopheles quadrimaculatus Infected with a Nosema sp.*
by K. E. SAVAGE, R. E. LOWE, E. I. HAZARD & C. S. LOFGREN

Gamham (1956) first suggested that the presence
of microsporidia may interfere with the normal
development of malarial oocysts and sporozoites
in mosquitos, after observing laboratory colonies
of Anopheles gambiae Giles and An. stephensi Liston
heavily infected with Plistophora culicis Weiser.
Bano (1958) subsequently observed that, when An.
stephensi was infected with Plistophora culicis it
did not become as heavily infected with Plasmodium
cynomolgi Mayer and growth of the oocysts was
retarded. Bray (1958) observed retardation of the
development of oocysts and, sometimes, the disap-
pearance of P. vivax schwetzi Brumpt in An. gambiae
infected with a microsporidium.
Fox & Weiser (1959) observed a similar occurrence

in An. gambiae infected with Nosema stegomyiae
Marchoux, Salimbeni, & Simond; when the mos-
quitos were fed on the blood of humans infected
with P. falciparum (Welch), malarial oocysts de-
veloped on the midgut of only 3.9% of the infected
mosquitos, compared with 460% of the uninfected
mosquitos. They observed the development of
oocysts in conjunction with early or mild infections
with Nosema, but never in mosquitos showing an
advanced state of such infection. Malarial sporo-
zoites and spores of Nosema were found to occur
simultaneously in the salivary glands of only one of
77 mosquitos infected with Nosema.
The sudden development of nosematosis in near-

epizootic proportions among the colonies of An.
gambiae from which Fox & Weiser obtained
mosquitos made these colonies useless for malaria
studies.

In 1968, research workers at the Walter Reed
Army Institute of Research, Washington, D.C., and
at the University of Maryland encountered problems
in transmitting malaria with their laboratory ano-
pheline colonies. Examination revealed that colonies
of An. albimanus Wiedemann, An. leucosphyrus
balabacensis Baisas, An. quadrimaculatus Say, An.
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stephensi, and An. gambiae were infected with a
species of Nosema similar to that described by Fox
& Weiser in 1959. The effect of the nosematosis on
the colonies ranged from a high mortality among the
larvae and adults of An. gambiae to only slight
pathological changes in An. balabacensis.
The apparent interference by microsporidia with

the development of the malaria parasite in the adult
mosquito strongly suggested that some microsporidia
could be useful as biological control agents in the
fight against malaria.

This note summarizes studies that indicate that,
when adult An. quadrimaculatus are infected with a
Nosema species, fewer of them subsequently become
infected with sporozoites of P. gallinaceum.

Materials and methods
The Nosema used in this study was obtained from

colonies at the Walter Reed Army Institute of Re-
search and is undoubtedly a strain of a species of
Nosema that we obtained in 1967 from larvae of An.
stephensi reared at the London School of Hygiene
and Tropical Medicine; we have since maintained
this strain in a laboratory colony of An. quadrimacu-
latus. However, the taxonomic status of the species
has not been resolved. Hazard & Lofgren (1971)
present data on the tissue specificity of the strain
from London in several mosquito hosts and discuss
the taxonomy of the species. In this paper we shall
refer to the microsporidium as Nosema sp. In cases
of dual infection we shall, for clarity, refer to mos-
quitos infected with Nosema as diseased.
The strain of P. gallinaceum used in our studies

was supplied in young chicks by Dr George B. Craig,
Jr, Department of Biology, College of Science, Uni-
versity of Notre Dame, Notre Dame, Indiana; it has
been maintained in our laboratory by subcutaneous
injection of infected blood into healthy chicks every
6-11 days and by occasional mosquito transmission.
Adult mosquitos with nosematosis were obtained

by exposing first-instar larvae from our laboratory
colony to an aqueous suspension of spores of micro-
sporidia in small beakers for 4-5 hours; they were
then placed in rearing pans and maintained according
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to our standard laboratory rearing procedures. Dis-
ease-free adults were obtained as pupae from the
laboratory colony.

In each test, 2-5-day-old diseased and disease-free
adult female mosquitos were fed on the blood of a
single chick infected with the malaria parasite (para-
sitaemia between 5 0 and 15 %). They were then held
for 9-10 days before being given a second blood meal
from healthy chicks. During this period, a 2.50%
solution of sugar was provided and the temperature
and relative humidity were maintained at 27.8°C
and 70%, respectively.

In order to ascertain whether all the adults that
had been exposed to Nosema were diseased, they
were screened for nosematosis before the second
blood meal by removing one metathoracic leg,
squashing it under a cover slip on a microscope slide,
and examining it for spores; the same procedure
was performed on adult female mosquitos that had
not been exposed to Nosema and that served as
controls. The adults that had been exposed to
Nosema but that did not have spores in their legs
were dissected immediately and examined for mala-
ria sporozoites and for Nosema. The adults that did
have spores in their legs were held for an additional
24 hours and then fed on the blood of healthy chicks,
individually or in groups of 3-9. After the blood
meal, each of these mosquitos was also dissected and
examined for malaria sporozoites and for Nosema.
The control adults were likewise fed with the blood of
healthy chicks, dissected, and examined for malaria
sporozoites.

Malaria sporozoites were looked for in the salivary
glands, which were dissected out and placed under a
coverslip on a microscope slide. If none were found,
the remainder of the mosquito was also examined.
No attempt was made to determine the quantity of
sporozoites; the data presented are based merely on
their presence or absence. Extremely small numbers
of sporozoites were evidently not revealed by our
technique, as malaria was transmitted by some mos-
quitos in which no sporozoites had been detected.
The chicks on whose blood the mosquitos were fed

were kept in outdoor cages. The tests were conducted
from 18 July to 30 September 1969; from data com-
piled by the US Department of Commerce, the
average minimum and maximum daily temperatures
during this period were 22.2°C and 31.4°C, respec-
tively, with extremes of 1 7.2°C and 35.6°C. The cooler
temperatures were moderated by the use of electric
heaters.

Since it may take as much as 2 weeks for malarial

parasites to appear in the blood of a chick, blood
samples were taken from each chick beginning
5 days after the mosquitos received their second blood
meal and at regular intervals thereafter for 4 weeks.
Thin smears were made from each sample, stained
with a standard Giemsa stain, and examined for the
presence of the malaria parasite.

Results and discussion

When 52 female adult An. quadrimaculatus infected
with Nosema sp. were fed on the blood of chicks
infected with the malaria parasite, sporozoites were
found in only 8 (15.4%). In contrast, sporozoites
were found in 32 (61.5 %) of 52 disease-free mosquitos
fed on the blood of the same chicks (see Table 1).

Since, in most of the tests, the transmission of
the malaria parasite to healthy chicks was accom-
plished with pools of mosquitos, we cannot deter-
mine the exact number of mosquitos involved. Mala-
ria was transmitted by diseased mosquitos in only
3 tests out of 6 (50 %), compared with 5 tests out
of 7 (71 %) with those that were disease-free. It
was also found that Nosema sp. interfered with the
ability of the malarial parasite to develop in the
mosquito. However, the significance of the results is
complicated by the fact that malaria transmission
occurred in 2 tests with diseased adults in which we
did not detect sporozoites, but did not occur in
2 tests with healthy adults in which sporozoites had
been found. Since the transmission of P. gallinaceum
can occur even though only a few sporozoites are
transferred, we cannot draw definite conclusions from
our data about the importance of Nosema sp. in
preventing the transmission of bird malaria. How-
ever, the transmission of primate malarias requires
the transfer of larger numbers of sporozoites;
moreover, An. stephensi, An. gambiae, and An.
albimanus are more susceptible to Nosema sp. Prior
infection of these vectors with this Nosema species
may, therefore, have a profound effect on their
ability to transmit primate malarias.

It is difficult to evaluate the effects of the histo-
pathological changes caused by nosematosis on the
capacity of a female mosquito to transfer sporozoites.
In many instances the salivary glands were almost
completely destroyed and the destruction of muscle
tissue in the head and mouth parts appeared to be
extensive enough to inhibit blood feeding.

These studies did not evaluate the effect of nose-
matosis on the life span of the female mosquito, but
it is known that a significant percentage of those that
are diseased die as larvae and that the life span of the

846



TRANSMISSION OF P. GALLINACEUM BY AN. QUADRIMACULATUS INFECTED WITH NOSEMA 847

Table 1. Occurrence of P. gallinaceum sporozoites in An. quadrimaculatus adult
females that had or had not previously been infected with a Nosema species

Mosquitos with nosematosis MIosquitos without nosematosis

Test Number Number with Percentage Number Number with Percentage
examined sporozoites sporozoites examined sporozoites sporozoites

A 6 0 0 5 1 20.0

B 6 0 0 15 8 53.3

c 6 1 16.7 9 9 100.0

D 6 6 100.0 4 4 100.0

E 11 1 9.1 9 5 55.6

F 2 0 0 5 3 60.0

G 15 0 0 5 2 40.0

total 52 8 52 32

average 15.4 61 .5

adult is shortened; thus many female mosquitos do
not live long enough to transmit malaria. This
result was evident from our studies; indeed, we had
difficulty in obtaining sufficient mosquitos infected
with both Nosema and malaria to conduct the tests.
Further studies are required to evaluate all these
factors and to determine the levels of Nosema infec-
tion that can be attained in natural mosquito
populations.
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Observations on the Mating Behaviour of Aedes aegypti in Nature
by W. K. HARTBERG 1

At present relatively little is known of the mating
behaviour of Aedes aegypti (L.) in nature. A
thorough knowledge of such behaviour would be
invaluable in determining the feasibility of incorpor-
ating laboratory-reared genetic material into field
populations for biological or autocidal control pro-
grammes.

It has recently been established in the laboratory
that females of Ae. aegypti are monogamous (Craig,

1 Entomologist/Geneticist, World Health Organization
East Africa Aedes Research Unit, Dar es Salaam, Tanzania.
Present address: Department of Biology, Georgia Southern
College, Statesboro, Ga., USA.

1967; Spielman et al., 1967). Gwadz (1967) and
simultaneously Lea (1967) reported that very young
Ae. aegypti females are refractory to insemination.
Gwadz & Craig (1968) demonstrated that the females
begin copulation soon after emergence, but are
refractory to insemination for about 48-72 h; hence
copulation by very young females does not result in
insemination.
The genitalia of the males of Ae. aegypti must

rotate through 180° after emergence before the
males are able to copulate. In the laboratory, males
have been known to copulate before rotation is
complete; however, most copulate only after com-
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