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Diseases of Insects of Medical Importance
in Europe

JAROSLAV WEISER1

The biological control of insects carrying human diseases was first attempted many
years ago, but the results were disappointing owing to the insufficiency of information on
the ecology and pathology of such insects at the time. In recent years, however, increased
knowledge of insect pathology and ecology and the development of insecticide-resistance
have led to a revival of interest in this method ofvector control. Most ofthe recent published
work on this subject relates to findings in North America; comparatively little information
has hitherto been available in respect ofEurope. This paper, which is based on a survey of
the literature and on the author's own experience, presents the results ofresearch on diseases
of insects of medical importance in Europe. Infection with viruses, rickettsiae, bacteria,
fungi, protozoa and nematodes are discussed and suggested lines for future European
research on biological control are put forward.

Promising results from the early use of mass-
produced bacterial and fungal preparations for the
biological control of economically important insects
occasioned interest in the possible role of these
products in public health entomology. A conference
on the biological control of insects of medical
importance was held in Washington in February
1960. Papers read at this conference (American
Institute of Biological Sciences, 1960) reviewed
relevant knowledge of insect diseases and parasites,
and the ensuing discussions led to recommendations
for future research.
The present review has been. prepared with the

object of considering, from the European viewpoint,
the field dealt with at the above conference by largely
North American contributors. It is based on a survey
of European literature and the author's own experi-
ence, and also mentions certain insect diseases from
other areas thought worthy of consideration for
introduction to Europe.
At first sight, it would seem unlikely that haema-

tophagous insects could acquire parasites except
through the medium of the blood of the vertebrate
host. This is, however, far from the case. The larvae
of many blood-sucking insects are aquatic, and those
of others live in a wide variety of terrestrial habitats,

1 Head, Laboratory of Insect Pathology, Academy of
Sciences, Prague, Czechoslovakia.

for example, the detritus in rodent nests. Parasites
and pathogens invading these larvae may persist
throughout subsequent life-history stages. Even as
adults, haematophagous insects are frequently sub-
ject to infection from sources additional to the host.
Mosquitos may feed on nectar or other plant
juices, on haemolymph from the bodies of other
insects and on the sweat of vertebrates. So may bugs,
sandflies, fleas and ticks. Although most insect
pathogens are acquired orally, some penetrate the
integument of the body surfaces and others are
transmitted via the egg from generation to genera-
tion.

Viruses, rickettsiae, fungi, bacteria, protozoa and
helminths all include specific insect pathogens or
parasites, which from time to time destroy large
numbers of their hosts in natural epizootics. It is
now the role of scientists to define conditions and
devise procedures for the deliberate fostering of such
outbreaks in vector populations.

VIRUSES

Numerous viruses are transmitted to man and
animals by insects of medical importance, but we
are as yet unaware of any virus harmful to disease
vectors. The best-known viruses pathogenic to
insects are those affecting the Lepidoptera and
Hymenoptera, which harbour species whose pre-
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sence is manifested by polyhedral or granular pro-
teinic inclusions. It should be noted that some poly-
hedra reported from muscid flies were not as first
thought specific pathogens, but owed their presence
in the gut of these flies to the latter's having fed from
dead infected caterpillars. Attempts to cause
disease in flies with such material have given only
negative results.
There is little relevant information concerning

other than "classical" viruses. However, recent
publications-for example, those of Gregoire (1951)
on virus-like bodies in Acheta domestica (L.) and
of Krieg & Huger (1960a, 1960b) on a hydrops virus
of Melolontha melolontha L.-provide evidence that
a diversity of insects is subject to infection in nature.
Turning to the Diptera, Rennie (1923) described
chalky-white larvae of the crane fly, Tipula paludosa
(Meig.), in England. Smith & Xeros (1954) and
Xeros (1955) studied the infection and found that
the spindle- or crescent-shaped bodies in the
lymphocytes of the larvae were viral " polyhedra ",
formed on the surface of the cell nucleus. This deadly
larval infection is transmitted by mouth and diag-
nosis of the polyhedra is very easy. In alkaline
solutions the granules become distended to form
long threads, which contract to their original size
after change of the pH to neutral values. There is no
evidence yet of any infectivity of the virus for other
insects.
Larvae of the same insect harbour a second

pathogen, the Tipula iridescent virus, which occurs
in masses in the haemolymph and causes high mor-
tality prior to pupation. This infection is acquired
very early in larval life. Smith, Hills & Rivers
(1961) showed its infectivity for 6 other species of
Diptera, 11 species of Lepidoptera and 3 of Coleo-
ptera. Although the only insect of medical impor-
tance in their series was Calliphora vomitoria L.,
these experiments (in which transmission was effected
by injection) demonstrated the low specificity of the
virus and its possible usefulness against Diptera of
public health significance.
A further disease perhaps due to a virus was des-

cribed from midge larvae (Chironomus tentans F.)
in Germany (Weiser, 1948). This infection is charac-
terized by the occurrence of oval inclusion bodies in
the cytoplasm of fat-body cells (Fig. 1), the host
dying without pupating.
While no vectors have yet been shown to harbour

viruses pathogenic to themselves, it is contended that
it might prove possible to adapt one or more of
the above diseases to medically important hosts.

RICKETTSIAE

Symbiotic, phoretic and parasitic rickettsiae occur
in various insects of medical and veterinary signi-
ficance. Thus Rickettsia prowazekii da Rocha Lima
destroys the gut epithelial cells of lice, although the
ensuing harm is usually offset by such a measure of
epithelial regeneration that in most cases the host's
life-span is not significantly shortened. Only in old
individuals no longer feeding adequately does
epithelial destruction outpace regeneration, sym-
biosis thus giving place to true parasitism.

Rickettsial destruction of the fat body is known
for only two species of Diptera. In both cases the
losses of reserves intended for tissue construction
during the pupal stage either kill the pupae or reduce
egg production by adults. The first of these infections
concerns Rickettsiella chironomi Weiser, which was
described from Chironomus tentans F. in Germany
(Weiser, 1948, 1949). Fat-body cells become filled
by rickettsiae, spherical or subspherical bodies only
0.1 ,t in diameter (Fig. 2). These divide repeatedly
and give rise to hollow spheres of rickettsiae. The
wall of the host cell is dissolved, but the nuclei of
the destroyed cells remain intact, being evident in
the haemolymph among the white masses of rickett-
siae. The disease is acquired orally, its incubation
period being 8-10 days.

Rickettsiella tipulae Muller-Kdgler (1958), para-
sitizes the crane fly, Tipula paludosa (Meig.), in Ger-
many. Infections resemble those due to Rickettsiella
chironomi, except in that the protein crystals of the
fat body of the larvae become spindle-shaped
(Huger, 1959).
Host specificity has not been evaluated in either

case, but similar infections are to be expected in
Diptera of medical importance, and should be
searched for.

BACTERIA

Although bacterial septicaemia is the final stage
of every infection of insects, only exceptionally and
in well-defined cases are bacteria the causative
agents. While they readily multiply in insect tissues
after injection, disease does not result when they are
given by mouth with the food. Secondary factors
are necessary to enable them to penetrate the gut
wall. Such factors include toxins, metabolites,
physical damage, and other parasites-viruses,
rickettsiae, fungi, protozoa and helminths.

Specific bacterial pathogens are not known from
medically important insects. However, invasion of
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such insects by bacteria flourishing in the immediate
environment may be a cause of death (Laird,
1959b; Lysenko, 1958, 1961). Thus heavy mosquito
larval mortalities may take place in ponds treated
with bacteria, industrial wastes, manure, etc.
Two cases are instanced of bacteria being res-

ponsible for fly mortalities. In the first case,
Bacillus lutzae Brown (1927) was isolated from
moribund larvae of Lucilia sericata Meig. and, in the
second, Bacillus delendae muscae Roubaud & Des-
cazeaux (1923) was identified from flies of several
species. In none of our Musca domestica rearings
over the past ten years has there been evidence of
any infection specific for this species.
The mass-produced bacterium Bacillus thurin-

giensis Berl. (Fig. 3), now being marketed as a
microbial insecticide for the control of Lepidoptera,
is of limited potential in the public health field,
although under special circumstances perhaps of
value in the control of fly breeding in the faeces of
domestic mammals and poultry (Briggs, 1960).
On present evidence, two other bacteria are of

potential value in the control of medically important
insects. The first is Serratia marcescens Biz., one of
the common insect pathogens, which may flourish
as a secondary invader. It has often been isolated
from dead Diptera, but experimental infections have
led to the death of flies only when very high dosages
have been employed. Pseudomonas aeruginosa (Mig.)
may occur phoretically in the gut of insects, but there
are only limited opportunities for it to penetrate
into the haemocoele and become pathogenic. How-
ever, this species and certain other members of its
genus are associated with all stages of nematodes
of the genus Neoaplectana. When invasive larvae
of these nematodes cross the gut wall into the body
of a host, the pseudomonads are introduced into the
body, causing a septicaemia which kills the host
within 24 hours. S. R. Dutky (personal communica-
tion, 1959) used ultraviolet light for the detection of
insects killed by Neoaplectana, for pseudomonads
produce fluorescence in such remains.

Mortalities apparently due to undetermined
bacteria have been described among haematophagous
insects. In cultures ofthe louse, Pediculus humanus L.,
we have observed up to 5% of larvae and adults
blackened and moribund. These lice exhibited
bacterial infection, and their death was due to
septicaemia after rupture of the gut during feeding.
Such mortalities are higher in cultures than in the
field, and similar observations have been made for
mosquitos and Hemiptera.

As in the case of rickettsiae, some bacteria patho-
genic for insects of public health importance are also
harmful to man. Their use as biological control
agents is thus, of course, unallowable. Members of
the Proteus group of bacteria serve as examples.

FUNGI

Representatives of most groups of entomophagous
fungi parasitize insects of medical importance. The
species most commonly recorded from Diptera
belong to the order Entomophthorales. Many of
the species listed in Thaxter's monograph (1888)
have now been recorded from Europe as well as
from North America. Notable among the long list
of such species are Empusa muscae Cohn, Empusa
culicis Braun, Empusa apiculata Th., Empusa
papillata Th., Empusa sphaerosperma (Fres.), Empusa
dipterigena Th., Empusa americana Th., and Empusa
montana Th. These usually become evident in nature
during summer and autumn. Most of them can be
grown in the laboratory, but it has not yet proved
possible to induce epizootics with such cultivated
material. Of special interest in Europe is the
occurrence of Empusa culicis Braun, which has
caused local outbreaks among mosquitos hibernating
in basements (Fig. 4).
Members of the genus Coelomomyces Keilin (order

Blastocladiales) are very lethal parasites of mosqui-
tos. More than 20 species have been described from
Oriental and Australian regions (Laird, 1959a), but
with the exception of a fungus possibly referable to
the genus recorded from a Russian notonectid, and
an uncertain record from mosquitos from Strasbourg,
there are no European records at the time of writing."
The World Health Organization has commenced
field studies of these fungi to evaluate their bio-
logical control potential (Laird, 1959a, 1960).
The Deuteromycetes (Fungi Imperfecti) include

certain fungi of relatively low host specificity, highly
pathogenic for some insects of medical importance.
Notable among these are species of Beauveria,
Isaria, Spicaria and Metarrhizium. We have Euro-
pean evidence of infection of ticks and mites and of
some Diptera and Hemiptera. In nature, Beauveria
bassiana (Bals.) commonly reduces the numbers of
larvae and adults of the wood tick, Ixodes ricinus L.
(Samsinakova, 1957). In many cases, some stress
such as excessive humidity, sublethal doses of

1 I am informed by Dr Marshall Laird of the World
Health Organization that there are recent and, as yet,
unpublished records from mosquito larvae in Italy and the
USSR. -J. W.
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insecticides, or inadequate food predisposes the
insects to epizootics. Dosage of the pathogen is of
course an important factor too, and recent advances
in the mass production of fungi are opening new
avenues to the biological control of some insects of
medical importance.

Other fungi harboured by medically important
insects include Serumsporidium melusinae (Coelo-
mycidium simulii) Debaisieux & Gastaldi (1919).
This species is commonly found in the fat body of
blackflies, and occurs throughout the area of
occurrence of simuliids. Infected larvae exhibit pink
cysts, and are rendered conspicuous by the diffuse
pink coloration assumed by the abdominal segments.
Local outbreaks involve some 30-40% of larval
populations, and there is a high mortality rate.

PROTOZOA

While it is often difficult to define the pathogenicity
of some of the organisms thus far discussed, histo-
logical evidence of damage is easily obtained in the
case of Protozoa. Heavy tissue destruction is always
associated with larval, pupal and adult mortalities
caused by parasites of this group.
Members of every protozoan class parasitize in-

sects, the important pathogens belonging to the
Gregarina, Coccidia, Microsporidia and Haplo-
sporidia. Most of the species found in the intestinal
tract are harmless commensals. Gut flagellates, for
example, only enter the tissues when some rupture
of the intestinal wall opens the way to secondary
infection.
While the gregarines confined to the gut of mosqui-

tos, fleas, etc. are harmless commensals, species
invading the tissues are very dangerous parasites.
Lankesteria culicis (Ross) (Wenyon, 1911) is a very
common inhabitant of the gut and malpighian
tubes of Aides geniculatus (Oliv.) in Europe. This
parasite also occurs in Aides albopictus, Aides
aegypti L. and Aedes coreicus in other parts of the
world. Its infective spores concentrate from genera-
tion to generation in tree-holes where these mosqui-
tos breed.

Other schizogregarines living in the gut wall of
European mosquitos are Caulleryella pipientis in
Culex pipiens L., Caulleryella annulatae Bressl. &
Buschk. in Theobaldia annulata (Schrank) (Bresslau
& Buschkiel, 1919; Buschkiel, 1921), and Caullery-
ella anophelis Hesse in Anopheles bifurcatus Meig.
In the larvae of biting midges of the genus Cerato-
pogon, the schizogregarine Schizocystis gregarinoides

Leger (1909) parasitizes the gut wall and causes the
death -of the host during metamorphosis.

Coccidia are not of such common occurrence, but
one genus has often been reported from fleas.
Legerella parva Noller (1914) occurs in the mal-
pighian tubes of Ceratophyllus gallinae Schrank and
Ceratophyllus columbae Gerv., and Legerella grassi
Spl. is a parasite of Nosopsyllus fasciatus Bosc. The
infection is spread by contaminated flea faeces in the
nest of the vertebrate host and is one of the natural
regulatory factors limiting flea populations.

Microsporidia are the commonest parasites of
medically important insects. In cockroaches three
species are present: Plistophora periplanetae Lutz &
Splendore in the malpighian tubules, Plistophora
kudoi Sprague & Ramsay in the fat body, and
Plistophora blattae Weiser in the gut epithelium.
Various species of cockroaches are parasitized,
notably, Blatta orientalis (L.).

There is a solitary record of a microsporidian
-Nosema (Cocconema) pediculi Popov & Manui-
lova (1926)-from the gut epithelium of Pediculus
humanus. Nosema adiei (Christophers) was mistaken
for Leishmania when it was first discovered in Cimex
rotundatus L. in India. The parasite, which is present
in different tissues, including the ovary, of the host,
has yet to be recorded in Europe. Aquatic dipterous
larvae commonly harbour microsporidians. Nosema
sphaeromiadis Weiser (1957) infects the fat body
of a midge, Sphaeromias sp. Toxoglugea vibrio
(Leger & Hesse) with crescent-shaped spores and
Spiroglugea octospora (Leger & Hesse) with S-formed
ones are parasites of the fat body of larval heleids
(Ceratopogon spp.).

In Europe we have found Thelohania opacita
Kudo in Aedes vexans Meig., Aides sticticus Meig.,
Aedes annulipes Meig. and Aedes communis Deg.
(Fig. 5 & 6). A microsporidian recorded from
Theobaldia annulata (Schrank) (Bresslau & Buschkiel,
1919) was probably referable to this species too.
Thelohania legeri Hesse (1904) is a parasite of
Anopheles maculipennis and Anopheles bifurcatus
Meig. Both infections are manifested by white
masses of spores in the fat body. Missiroli (1929)
described the finding of Thelohania grassi in the eggs
of Anopheles maculipennis. The infection is trans-
mitted from generation to generation via the eggs,
the oenocytes and fat body of larvae and adults
becoming infected. Plistophora culicis (Weiser),
first detected in the malpighian tubules of Culex
pipiens L., was subsequently found to cause heavy
mortalities in a laboratory colony of Anopheles
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FIG. 1-3
1. Inclusions of viral origin in the fat body of Chironomus

tentans F. Giemsa stain after alkali treatment. Magnification:
approx. 1400 x.

2. Rickettsiella chironomi Weiser in the fat body of Chironomus
tentans F. On the left an intact nucleus. In infected cells
rickettsiae surrounding unstained crystals. Heidenhain stain.
Magnification: approx. 1700x

3. Bacillus thuringiensis Berl. in deep fermentation. In some
cells a rhombic crystal is evident near the spore. Many
spores and toxin crystals are free in the liquid. Magnification:
approx. 845 x.

Fig. 1 and 2 by the author; Fig. 3 by J. Fiala, from the author's
material.



FIG. 4-6

4. Empusa culicis Braun in culture on egg yolk. The granu-
lations on the surface are conidiophores, prepared to extrude
the conidia. Magnification: approx. 6x.

5. Larvae of Aedes sticticus Meig. infected by Thelohania opacita
Kudo. Two larvae exhibit localized cysts in the lobes of the
fat body. The other two have a diffuse distribution of spores
in the haemolymph after rupture of the cysts. Magnification:
approx. lOx.

6. Thelohania opacita Kudo. Spores and panisporoblasts in a
fresh smear, fixed and stained (inset). The fresh smear
shows vegetative stages with globular resting bodies. In the
stained smear, note the chromosomes in an autogamont
and the deformation of the spore membrane. Magnification:
fresh smear, approx. 560 x; stained section, 1125 x.

Fig. 4 by the author; Fig. 5 and 6 by J. Fiala, from the author's
material.
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FIG. 7-9
7. Section of an adult Anopheles gam-

biae Giles parasitized by Nosema
stegomyiae Marchoux. The black
dots are spores n d ifferent tissues.
In the left upper corner is the gut,
below it is a malpighian tubule, and
in the central zone is an ovary.
Only two eggs are intact, all other
follicules being infected. Heiden-
hain iron-haematoxylin stain. Mag-
nification: approx. 170>

8. Larvae of SimtJlium latipes Meig.
parasitized by Nosema stricklandi
Jirovec (top) and mermithids
(centre right). Magnification: 1.4

9. Spores of Thelohania fibrata (Strick-
land), a parasite of Simulium ochra-
ceum Cog n. The gelatinous sheaths
of all stages of this protozoan show
clearly in a china-ink suspension.
Magnification: 675 ,:

Fig. 8 and 9 by the author; Fig. 7 by
J. Fiala, from the atuthor's material.
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FIG. 10-12
10. Caudospora simulii Weiser, a microsporidian parasite of the

fat body of Simulium latipes Meig. Spores with a gelatinous
envelope and a long caudal appendix. Magnification:
approx. 560 x.

11. Larvae of Simulium latipes Meig. with mermithids and larval
mermithids leaving the larvae. Magnification: 1.4x.

12. Neoaplectana carpocapsae Weiser: free ensheathed larvae
of the nematode, able to infect an insect host. Magnifica-
tion: approx. 1lOx.

Fig. 11 by the author; Fig. 10 and 12 by J. Fiala, from the author's
material.
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gambiae Giles in London (Canning, 1957). Toxo-
glugea missiroli Weiser (1961) was thought to be a
species of Sarcocystis when first discovered by
Missiroli in Anopheles maculipennis Meig. in Italy.
Numerous other species of Microsporidia have been
described from mosquitos elsewhere in the world.
Of these I cite but one, Nosema stegomyiae Marchoux,
a parasite transmitted via the eggs in populations of
Anopheles gambiae Giles, Aides aegypti L., and other
mosquitos in Africa and America. This species
(Fig. 7) is a potential biological control agent, for
it causes egg destruction and inhibits the ability of
parasitized females to transmit malaria (Fox &
Weiser, 1959).
The Simuliidae also very frequently harbour

Microsporidia (Debaisieux, 1919; Debaisieux &
Gastaldi, 1919; Jirovec, 1943). Deserving of mention
are Nosema stricklandi Jirovec (Fig. 8), Thelohania
bracteata (Strickl.), Thelohania varians (Leger),
Thelohania fibrata (Strickl.) (Fig. 9), Thelohania
columbaczense Weiser, Plistophora simulii (Lutz &
Splendore) and Plistophora debaisieuxi Jirovec,
parasites of blackflies in many different areas.
Octosporea simulii Debaisieux and Caudospora
simulii Weiser (Fig. 10) appear to have greater host
specificity and more limited geographical distribu-
tion. The spores of all these organisms disperse
downstream in the water and are taken by mouth
with the food. The fat body is the seat of the infec-
tion, its degeneration preventing further metamor-
phosis of infected larvae. Infections acquired by
fourth-instar larvae persist into the imagines, which
serve to disperse the spores still more widely.

Five microsporidians are known from flies:
Octosporea muscae-domesticae Flu, Octosporea mono-
spora Chatton & Krempf, Toxoglugea calliphorae
Weiser, Spiroglugea porterae Weiser, and Telomyxa
muscarum Weiser (Fantham & Porter, 1958). All
these parasites infect the malpighian tubules and the
gut. They parasitize Musca domestica L., Droso-
phila spp., Homalomyia scalaris Fabr., Calliphora
erythrocephala Meig., Calliphora vomitoria L. and
several other muscids. The cross infectivity of these
parasites for different Brachycera has not been
investigated, but such data as we have point to a
lack of close host specificity. Natural epizootics and
heavy mortalities in laboratory colonies have been
reported.

Adult and larval fleas harbour Microsporidia too.
Nosema pulicis was found by N6ller (1912) in his
colonies of the dog flea Ctenocephalides canis Curt.,
Nosema ctenocephali parasitizes Ctenocephalides felis

Bouche, and a third species is present in Archaeo-
psylla erinacei Le. The last-mentioned one has spore
characters intermediate between those of the former
two species (Weiser, 1957). All these Microsporidia
infect the gut, fat body, and malpighian tubules, and
N6ller found his parasites in the eggs too.

Ticks and mites, as well as insects, are parasi-
tized by Microsporidia. Nosema ixodis Weiser has
been reported from Ixodes ricinus L., and the stored
products mite, Tyrophagus noxius, harbours Nosema
steinhausi Weiser (1956).
For further information and references, see

Weiser (1961).

NEMATODES

Most of the ten nematodes known from cock-
roaches, 78 from Diptera and 4 from fleas are harm-
less inhabitants of the gut. However, members of the
Mermithidae, Steinernematidae and Tylenchida are
tissue invaders. Although most of the Tylenchida
live and produce their larvae in the body of the host,
they are non-pathogenic. They are not responsible
for the introduction of bacteria, and it has been
demonstrated that they affect neither the longevity
nor the fecundity of the host.

Larval mermithids, too, enter the body of the
insect host without causing bacterial contamination.
It is necessary that they do so, for the larvae are
faced with a growth period of up to several weeks.
In this case, the host is killed either at the moment
of exit of the full-grown larvae, by emaciation, or by
septicaemia due to bacterial invasion of the damaged
insect. Mermithids, which are held to be promising
biological control agents for use against mosquitos,
biting midges and blackflies (Welch, 1958, 1960),
may attain high natural infection rates among the
latter during some periods of the year (Welch,
1960; Doby & Laurent 1953). There is no recent
information about mermithids of medically im-
portant insects in Europe, although Mermis nigres-
cens Duj. and Mermis crassa Linst. are listed in old
reports. However, blackfly infection levels of up to
600% have been recorded from different areas of
Czechoslovakia (Fig. 11). Lack of knowledge of
rearing methods renders it difficult to identify the
species of mermithids concerned.
The larvae of Steinernematidae introduce bacteria

into the body of the host insect, the latter dying of
septicaemia within 24 to 48 hours. Recent European
work has resulted in the discovery of several new
species-Neoaplectana carpocapsae Weiser (1955),
Neoaplectana janickii Weiser & Koehler, Neo-
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aplectana melolonthae and further strains. These
nematodes are of low host specificity. Diptera differ
in their susceptibility to them, but vulnerable hosts
include species of medical importance. Pseudomonas
septica and other pathogens of this genus are spread
by infective steiernematid larvae (Fig. 12). Axenic
cultures of these nematodes have been prepared in
Czechoslovakia. Mass production is perfectly
feasible (Welch, 1960), but there would be technical
problems to solve before a practicable control
method could be developed for use against aquatic
insects.

SUMMARY AND CONCLUSIONS

Every group of insect pathogens, the viruses alone
excepted, is known to have representatives harmful
to insects of medical importance. The diseases
concerned are of limited specificity and do not affect
vertebrates. Some of the causal agents-notably,
bacterial and fungal ones-can be mass produced on
artificial media, while others-rickettsiae, protozoa
and helminths, for example-must be cultivated on
media containing host organs or on living matter.
Thus far, most of the relevant research has been
concentrated upon parasites and diseases of larvae.
Adult insects merit more attention in this regard.
So does the distribution of insect diseases in relation
to climatic and other factors, for such data as we
already have clearly indicate how advantageous it
would be if certain of the pathogens concerned
could be artificially spread beyond their natural
range. Careful biogeographical studies in Europe
and in other parts of the world are a prerequisite
for such biological control measures.

R1tS

L'auteur passe en revue, a la lumiere de la litterature
medicale et de son experience personnelle, les r6sultats
obtenus dans l'etude des maladies affectant les insectes
vecteurs de maladies infectieuses ou parasitaires. Tous
les micro-organismes - 'a l'exception toutefois des
virus- peuvent infecter des insectes. 11 s'agit d'infections
limitees aux insectes et inoffensives pour les vertebres.
Certains de ces agents peuvent etre obtenus en grandes
quantites (en particulier les bacteries et les champignons)
tandis que d'autres comme les rickettsies et les proto-
zoaires doivent etre cultives sur des milieux contenant
des organes d'insectes ou de la matiere vivante. C'est
pourquoi l'on a surtout etudie jusqu'ici les infections des
larves. Les insectes adultes meritent d'etre plus etudies.

European research priorities in this field include
the following:

1. Studies of the present host-range and geo-
graphical range of parasites and diseases of medically
important insects.

2. Intensified research on viruses specific for
disease vectors, and on exposure of the latter to
viruses derived from other insects.

3. Studies of the bacterial control of muscid flies.

4. The development of mass cultivation and field
distribution procedures for Empusa fungi for use
against adult Diptera.

5. Studies of Coelomycidium fungal parasites of
Simulium.

6. The development of procedures for the mass
production of protozoan pathogens-Nosema stego-
myiae and Nosema pulicis, for example-and for their
field use. Selective methods for the latter could be
based upon bait administration and the " seeding"
of the nests of alternate vertebrate hosts of the
vectors in question, but dispersal techniques suitable
for the treatment of large areas will have to be
devised too.

7. Taxonomic studies of mermithid nematodes,
and the development of mass cultivation and field
infection procedures.

8. Studies of the feasibility of employing neo-
aplectanid nematodes against disease vectors.

9. Studies ofthe ecological conditions predisposing
to epizootics among disease vectors, under a wide
range of climatic conditions.

UMt

I1 sera interessant de connaitre leur distribution geogra-
phique selon les facteurs climatiques ou autres, car une
multiplication artificielle des germes pathogenes pour ces
insectes aura une importance prophylactique evidente
pour l'homme. Cependant, des 6tudes biogeographiques
extremement serieuses sont un prealable a ces tentatives
prophylactiques.
En Europe, les etudes prioritaires sont les suivantes:

I) la distribution geographique et les possibilit6s d'infes-
tation des micro-organismes attaquant les insectes vec-
teurs d'affections humaines; 2) l'intensification des
recherches sur les virus specifiques des insectes vecteurs;
3) la destruction des mouches par les bacteries; 4) la
culture massive des champignons Empusa en vue de leur
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utilisation contre les dipteres adultes; 5) l'etude des cham-
pignons Coelomycidium, parasites de Simulium; 6) la
production en masse de protozoaires pathogenes pour
les insectes (Nosema stegomyae et Nosema pulicis, par
exemple); 7) des etudes sur les cycles des nematodes
Nermithides suivies d'une production en masse et d'in-

festations dans la nature; 8) la possibilit6 d'utilisation
des nematodes NMoaplectanides contre les insectes vec-
teurs d'infections humaines; 9) les conditions d'habitat
les plus favorables a l'eclosion des epizooties affectant
les insectes vecteurs, et ceci sous des climats nombreux
et varies.
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