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Parasites in Laboratory Colonies of Mosquitos
J. P. KRAMER 1

This discussion of parasites in laboratory colonies
of mosquitos begins with some general remarks on
parasitism and parasites. Next considered are some
typical parasites of mosquitos. Attention is then
focused on the occurrence of these parasites in
laboratory-bred mosquitos and the parasitized
mosquito as a test animal. The discussion closes
with a few comments on the maintenance of parasite-
free colonies.

PARASITISM AND PARASITES

A parasite in our context may be defined as an
organism which lives on or within another organism
(the host) to the detriment of the latter. Character-
izing parasites in terms of their effects on the host
is often difficult, if not impossible, since, in all
likelihood, the so-called benign parasite under
certain ecological conditions may become a patho-
genic parasite and vice versa (Horsfall & Dimond,
1960).

Ecological factors tending to disrupt the peaceful
coexistence of host and parasite are numerous and
often subtle. Some important ones are crowding,
excessive or insufficient heat and humidity, abnormal
nutrition, changes in the general vigour of the
population (host, parasite, or both), and numbers
of parasites present.

PARASITES OF MOSQUlrOS

A myriad of viruses, rickettsiae, bacteria, spiro-
chaetes, fungi, protozoans, and nematodes live on or
within mosquitos; many of these organisms cannot
be neatly classified as commensals or mutualists or
parasites. We simply do not know enough about
the interactions between these organisms and their
mosquito hosts to make solid judgements. At this
point it is also worth noting that many organisms
isolated from mosquitos are referred to as " para-
sites " in the literature although their effects on the
host are completely unknown. Let us now focus

I Associate Entomologist (Insect Pathology), Section of
Economic Entomology, Illinois Natural History Survey,
Urbana, Illinois, USA.

our attention on the relationships between mosquitos
and their symbionts that are unquestionably para-
sitic.
An understanding of the implications of parasites

in the maintenance of mosquito colonies rests upon
some knowledge of parasite biology. In this dis-
cussion the biology of parasites that are vectored by
mosquitos is not considered, although some of these
micro-organisms and nematodes may adversely
affect both their invertebrate and vertebrate hosts
(Kramer, 1963). Instead, what is known concerning
the biology of some typical parasites that are
restricted to the mosquito is briefly outlined, with
special reference to:

(a) signs of infection in the host,
(b) transmission of the parasite, and
(c) effects on the host.

Viruses
Kellen et al. (1963) have reported what is probably

a virus from larval Culex tarsalis. Infected larvae
have S-shaped abdomens and appear bloated.
Imaginal structures, such as the wings and mouth
parts, are dull white and partly destroyed or mal-
formed. The thoracic and abdominal cuticle may
develop small, shiny black spots. The virus is
transmitted per os. Whether or not this virus is also
transmitted within the egg is not known; since
transovarial transmission is known for some insect
viruses, this possibility should not be overlooked.
Infected larvae, typically, die during the fourth
instar. The report of Kellen and associates is the
first indicating that a virus may be responsible for
mortality among larval mosquitos.

Rickettsiae
Hertig (1936) described Wolbachia pipientis, a

rickettsial parasite of Culex pipiens; this micro-
organism is found in embryos, larvae, pupae, and
adults. The only organs consistently parasitized
are the gonads. Whether the parasite may be
transmitted per os as well as via the egg is not
known. Since it destroys the cytoplasm of infected
cells, it might be viewed as a potentially pathogenic
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parasite, although Hertig reported no overt signs
of disease among infected culicids. Brumpt (1938)
found a rickettsial parasite (Rickettsia culicis) in
the stomach epithelium of adult Culex pipiens
fatigans. While he gives no details, Brumpt suggests
that the parasite is pathogenic for mosquitos since
many infected stomach cells are destroyed.

Bacteria

From a synthesis of published reports (Jettmar,
1947; Laird, 1959) it appears that Streptococcus
species and related bacteria attack larval mosquitos
(C. p. fatigans and others). The masses of bacteria
sticking to the body surface of the larvae resemble
tiny "beards ". In some instances the bacteria
penetrate the integument of the host and destroy
the cuticle and epidermis. These parasitized indi-
viduals die during the third or fourth instar, ac-
cording to Jettmar. Several spirochaetes, apparently
restricted to the mosquito, have also been reported
in the literature; their effects on the hosts are
unknown (Christophers, 1960).

Fungi
The relationships between fungi of the genus

Coelomomyces and mosquitos have been very ably
reviewed by Couch & Umphlett (1963). As these
authors point out, larvae take on a yellow, orange,
or brown colour when their bodies are packed with
resting sporangia. These fungi develop in the
haemocoele of the larva at the expense of the fat
body. How they enter the host is not known.
Although heavily parasitized larvae die, some lightly
infected individuals pupate and reach adulthood.
In some instances the parasite occurs in the ovaries
of the adult female. At least one fungus of the
genus Entomophthora (E. culicis) also fatally para-
sitizes mosquitos. This little-known parasite enters
the body cavity by penetrating the body wall of the
adult (MacLeod, 1963).

Protozoa

Flagellates are rather common intestinal parasites
of adult mosquitos. Heavily parasitized mosquitos
apparently exhibit no outward manifestations of the
infection. The findings of Wallace (1943) are of
considerable interest at this point. He examined
adult Culex pipiens and Aedes aegypti that had fed
on a sugar solution containing Crithidia fasciculata.
On about the sixth day he found that flagellates
covered the entire lining of the hind gut, rectal
pouches, and rectal papillae of the hosts. Observa-

tions of this type make it difficult to believe that
flagellates are of no consequence in the life of the
mosquito.

Ciliates of the genus Tetrahymena, which parasitize
mosquito larvae, have been thoroughly reviewed by
Corliss (1960). These parasites multiply in the
haemocoele of the host; as a result, heavily infected
larvae are abnormally transparent or whitish to
opaque. These protozoans probably enter the host
via the oral route and invade the haemocoele through
the gut wall. Parasitized larvae usually succumb to
the infection. All species of Tetrahymena known
from mosquitos are facultative parasites.
Most mosquito workers at one time or another

have observed larvae covered with a whitish furry-
looking growth. This growth is generally comprised
of hundreds of ciliates of the genus Vorticella.
Heavily parasitized individuals have difficulty in
locomotion and often die before pupating. Micks
(1950), for example, found that larval Anopheles
quadrimaculatus succumb to attacks by Vorticella
microstoma; on the other hand, larval Culex p.
fatigans and larval Aedes aegypti apparently neither
attract nor support this ciliate. In all probability
vorticellids obstruct normal respiration in susceptible
larvae. Like Tetrahymena species, vorticellids are
facultative parasites.

Lankesteria culicis is the best-known gregarine
parasite of larval, pupal, and adult mosquitos. It
probably occurs in most populations of Aedes
species and in species of other genera as well. The
infected insect shows no external signs of disease.
Larvae ingest the gregarines, which are then retained
by the host throughout its life. Since this parasite
attacks the walls of the gut and Malpighian tubules,
it probably should be viewed as a potentially patho-
genic parasite (Laird, 1960).
More than a score of microsporidian parasites are

known from mosquitos (Kellen & Wills, 1962; Kudo,
1960; Weiser, 1961). Heavily parasitized larvae
typically take on a milky-white colour when their
body cavities are filled with spores. In moderately
infected larvae isolated whitish spots may be present
along the margins of abdominal and thoracic
segments (Kellen, 1962). The body of the infected
larva is often swollen and distorted. Very lightly
infected individuals (larvae, pupae, or adults) may
exhibit no outward signs of the disease. These
parasites are transmitted within the egg and by the
oral route as well. The organs most often attacked
are the fat body, gut, and gonads. Many species
cause fatal infections in the host.
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Nematods
Nematodes that parasitize mosquitos have been

thoroughly reviewed by Welch (1960, 1963). Para-
sitized larvae are relatively sluggish. When the
partly-grown nematode emerges from the larva, the
latter dies. Nematodes enter the larva through its
cuticle and develop in its haemocoele. The adult
worms are free-living. Nematode infections also
occur in some adult mosquitos.
So much for the general parasitology of mosquitos.

Armed with this information, let us now consider
parasites and parasitism within the confines of the
insectary.

OCCURRENCE OF PARASITES IN ESTABLISHED COLONIES

Do parasites occur with any regularity in labora-
tory-bred mosquitos? To the writer's knowledge
no one has ever made a survey of colonies with this
question in mind. The results of such a study
would probably show that some " healthy" colonies
harbour one or more parasites, particularly those
parasites that are transmitted within the egg. On the
other hand, strains of mosquitos maintained under
sanitary conditions in the laboratory for a matter of
years have probably lost those parasites that invade
the host only through its mouth or cuticle. A study
on the occurrence of parasites in the insectary would
also show that established colonies may acquire
parasites from field-collected specimens that are
held in the same or adjacent rearing chambers.

THE PARASITIZED MOSQUITO AS A TEST ANIMAL

If the parasite present in a given colony of mos-
quitos is a pathogenic one, the entire colony may be
lost. On the other hand, if the parasite present in a
given colony produces only a chronic subacute
infection, the investigator may never be aware of
its presence. Still, the presence of these subacute
infections may becloud the results of various studies.
For example, Morgan (1960) demonstrated that
larval European corn borers (Ostrinia nubilalis)
with chronic light Perezia pyraustae infections
succumb to topical applications of DDT at levels
that are tolerated by parasite-free borers. Similar
findings were reported by Rosicky (1951) for sugar-
beet weevils (Otiorrhynchus ligustici) infected with
Nosema otiorrhynchi. In all likelihood one could
expect the same differences in response to insecticides

among mosquitos, with and without microsporidian
infections. Indeed, this aspect of the mosquito-
microbe-toxicant relationship deserves attention as
a factor that befuddles the results of insecticide
evaluation studies.

Plistophora culicis is not a particularly harmful
parasite in the gut and other organs of some adult
mosquitos (Canning, 1957). However, Bano (1958)
found that the growth of oocysts of Plasmodium
cynomolgi is very severely inhibited when this
vertebrate pathogen is forced to share the gut wall
of the mosquito with Plistophora culicis. Fox &
Weiser (1959) found that ookinites of Plasmodium
falciparum do not develop in the gut wall of Ano-
pheles gambiae parasitized by Nosema stegomyiae.
According to these authors, Nosema-infected mos-
quitos exhibit no external signs of disease. Thus it is
evident that studies on the vectorial capacities of
mosquitos as well as insecticide tests may be in-
fluenced by subacute infections.

MAINTENANCE OF PARASITE-FREE COLONIES

On the basis of our present knowledge, it is not
possible to outline in detail specific methods for
the maintenance of parasite-free colonies of mos-
quitos. In general the isolation of new field-collected
specimens from established healthy cultures will
keep the chances of accidental parasite introduction
to a minimum. The maintenance of reasonable
sanitation within the insectary will control most
facultative parasites.

Perhaps the most important procedures are
frequent and careful inspections of the stock cultures.
As a matter of routine a few individuals from each
culture should be dissected and examined for
parasites even if signs of disease are absent. If a
parasite is discovered, it should be identified, since
this will furnish a clue as to its control. If the
parasite proves to be one that is transmitted within
the egg, it is best to isolate individual females from
the afflicted colony. After these isolated females
have oviposited, they should be examined for the
parasite. Only the eggs from those females that are
parasite-free should be retained for breeding stock.
On the other hand, if one finds a parasite that
invades the host only by the oral or cuticular route,
one can eliminate it by treating the eggs with a
disinfectant such as benzalkonium chloride (Stein-
haus, 1953).
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