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Advances in Biological Control in Relation to
Vectors of Human Diseases

J. WEISER1

In recent years, increased knowledge of insect pathology and ecology and the develop-
ment of insecticide-resistance have led to a revival of interest in biological methods of
controlling insects that carry human diseases. The author of this paper reviews the infor-
mation at present available with regard to the various pathogens, predators and parasites
of insect vectors of human disease-cockroaches, lice, bugs, fleas, mosquitos, flies and
ticks-and suggests lines offuture research that might prove profitable. In this connexion
he stresses that only a world-wide investigation of the diseases of medically important
insects will yield data on which a balanced biological research programme can be based-
aprogramme leading to the development ofpracticable control procedures and their integ-
ration with chemical and other methods of control.

While we are finding out more and more about
new infections and their modes of transmission,
problems of vector resistance to insecticides and
insecticide non-selectivity are becoming more and
more evident. These problems have complicated
some malaria eradication programmes and they
must be given the fullest consideration as new
vector control programmes develop under WHO
sponsorship. Again, control procedures evolved in
developed areas may require profound modification
for use under tropical conditions. The effective
application of chemicals in the jungle, in extensive
primary forests or in sparsely inhabited swamps is
both difficult and expensive. In many cases the
solution of the problem of transmission is not
eradication, but reduction of the number of vector
insects. For such purposes biological methods may
prove as effective as chemical ones, without suffering
from the disadvantage-namely, vertebrate toxicity
-of the latter.
During the last decade, growing attention has

been paid to ecological methods of insect control
and to insect pathology (Jenkins, 1960; Krieg, 1961;
Steinhaus, 1949). Relatively few insects of public
health importance have been involved, however, the
main emphasis being upon species of agricultural or
forestry importance. Nevertheless, the broad scope
of this research has produced general concepts that
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are also applicable to the biological control of disease
vectors. Advances in our fundamental knowledge
of insect pathology, of the identification and rearing
of insect pathogens, and of the various viruses,
bacteria, fungi, protozoa and nematodes concerned
provide the necessary background for a general
attack on insect vectors of human diseases. The
weakest areas of our knowledge in this field concern
the geographical distribution of the various bio-
logical control agents in question, and the inter-
relationships between vectors and population-
regulating factors in nature. Also, it should be
noted that although the tropics probably offer the
most productive fields for research into the eco-
logical control of vectors, these areas are without
a single active centre devoted to the study of insect
diseases.

METHODS OF BIOLOGICAL CONTROL

Factors affecting insects and reducing their
populations are: (1) physical or chemical ones
independent of pest population density; and (2)
strictly density-dependent biological ones. To this
second group belong entomophagous insects-
external or internal parasites or predators-and
pathogens, which infect and kill their hosts. The
methods employed in biological control are referable
to two main categories. To the first belongs the
introduction of foreign parasites and pathogens
into new biotopes, where they were not present
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before and where susceptible hosts occur. To the
second belongs the rearing or cultivation of autoch-
thonous or imported pathogens, parasites or pre-
dators, and their distribution in designated control
zones. It sometimes proves useful either to rear
or to protect the secondary hosts of parasites,
since such measures conserve the parasite population
during seasons of maximum reduction of the
primary host.

PATHOGENS OF VECTORS

The development of pathogens in insects is usually
completed within a few weeks, and sometimes in
only days or even hours. The frequency of diseases
is closely connected with changes of host popula-
tion density, an increase in which increases oppor-
tunity for transmission by food and contact.
Therefore, pathogens lend themselves to the
relatively rapid reduction of insect populations.
The chief groups of micro-organisms furnishing
pathogens of vectors are the viruses, rickettsiae,
bacteria, fungi and protozoa. While it should
be observed that certain pathogens transmitted
by insects to vertebrates harm not only the latter
but the former too, the term " insect diseases "
as used in this article implies diseases of insects
alone. Some of the pathogens concerned are
strictly host specific, others parasitize a particular
group of hosts, and others again are pathogenic for
a variety of insects. Often only the combination
of two factors can allow a pathogen to invade the
body of an insect, which ultimately dies in con-
sequence.
Some groups of pathogens are not yet known

to be of more than minor importance. Notable
among these are the viruses and rickettsiae. Among
the former, the Tipula iridescent virus of crane-flies
is infectious for certain Diptera of public health
importance (it has recently been transmitted to
houseflies under laboratory conditions at St Christol-
les-Ales, France). Rickettsial infections, including
those due to Rickettsiella tipulae Muller-Kogler
and Rickettsiella chironomi Weiser, may prove
suitable for the infection of mosquito larvae.

Bacteria present in the gut of living vectors are
isolated by the peritrophic membrane and the
chitinous cuticula from the internal organs of the
host. They cannot cross these barriers without
assistance, although once introduced into the
haemocoele, they usually produce septicaemias
which terminate in the death of the host. Such
assistance is rendered by chemical or physical

injuries, by specific pathogens, and by parasitic
nematodes.

Protozoa are the most common causal agents of
disease in vectors. They attack and damage different
organs of the insect body, often killing the larvae
before pupation. Most of these protozoa have a
very resistant stage, the spore, which is able to
withstand not only the influence of the digestive
juices, but also desiccation during the passage from
host to host. The spore surfaces of protozoan
parasites of aquatic insects may feature gelatinous
floats and special attachment organellae, the latter
serving to effect attachment in the filtering mouth-
parts of the host-for example, a larval mosquito
or blackfly. Some infections are transmitted within
the egg, others by contamination of its surface
during oviposition. Hemiptera, cockroaches and
fleas may acquire disease organisms by feeding upon
moribund or dead animals. Parasites and predators
may of course transmit insect pathogens too.
Fungi are another group of insect pathogens of

major importance. Some, like Beauveria, are non-
specific, being present mostly on insects under stress
through pressure of excess humidity and other
factors. Other fungi (e.g., Entomophthora spp.) are
regarded as promising since they cause massive
outbreaks of infections among various vectors.
Members of the genus Coelomomyces serve as other
examples of potentially useful insect pathogens.

HELMINTHS PARAS1TIZING VECTORS

Some nematodes (e.g., Neoaplectana spp.) behave
as living hypodermic needles, transporting bacteria
from the outer environment into the haemocoele of
their insect hosts. Others, the Mermithidae for
example, develop in insects without producing any
septicaemia. They then leave the host, the body
of which is pierced by openings through which
lethal bacteria enter. Mermithids are common
parasites of blackflies. They are also present in
mosquito larvae and sometimes in tabanid larvae
too. Factors affecting their abundance in nature are
not well understood yet, but studies are being
undertaken with a view to their biological control
potentialities.

ENTOMOPHAGOUS INSECTS PARASITIZING VECTORS

Most of the 101 known entomophagous insects
of this group have been recorded from terrestrial
vectors-usually adult ones, belonging to species

108



ADVANCES IN BIOLOGICAL CONTROL OF VECTORS OF HUMAN DISEASES

which pay only intermittent visits to the vertebrate
host. Hymenopterous parasites are sometimes
effective in controlling housefly populations and
Polistes olivaceus has been introduced into Fiji
for this purpose. Again, Telenomus emersoni attacks
more than 60% of the eggs of tabanids in many
areas. Ticks are subject to the attacks of Hun-
terellus hookeri How., which, 30 years ago, was
reared in large numbers and released against ticks
of public health importance in the USA and USSR.
However, these field trials were unsuccessful, and
Hunterellus never attained a higher status than that
of a relatively minor host-population regulatory
factor.

Predators are much more characteristic of aquatic
biotopes, from which few insect parasites of vectors
are known. Larval or adult mosquitos, blackflies
and biting midges are attacked by such crustaceans
as Apus or Branchipus, by spiders, mites and insects
(among the most active groups of which are imma-
ture Coleoptera, Trichoptera and Odonata) and by
vertebrates, including fishes, amphibians and birds.

While parasitic insects are able to seek out their
hosts by dispersal from habitat to habitat, a high
proportion of aquatic predators lack the capacity
to do this. Many such predators are killed when the
habitat dries up in the summer or freezes in the
winter.
Our knowledge of the entomophagous parasites

of medically important insects is inadequate. For
example, there are no records whatsoever from
sandflies. Furthermore, even where entomophagous
insects have been field-tested against vectors, the
ecological background has been insufficiently studied.
This is a research area in which intensified study
is likely to yield new and interesting data.

DISEASES AND PARASITES OF DIFFERENT VECTORS

There are no panaceas among insect pathogens,
each group of which has its own significance for
each host group. A short review of the various host
groups and their pathogens and parasites is given
below.

Blattoidea
Cockroaches are not very important as vectors

of diseases. Their significance lies in their infesta-
tion of human dwellings. They support a relatively
specialized group of egg parasites, belonging
to the genera Prosevania and Evania (Hymenoptera:
Evaniidae), which attack the egg capsules of Peripla-

neta, Blatta and Blattella. Some protozoa have been
described from different cockroaches. One of
them, Adelina cryptocerci Yarwood was used
in rearing and infection experiments on a wood-
eating cockroach, Cryptocercus punctulatus Scudd
(Yarwood, 1937). The Microsporidia Plistophora
periplanetae Lutz & Splendore, Plistophora kudoi
Sprague and Plistophora blattae Weiser attack
the different organs of cockroaches and are trans-
mitted by contaminated food and in consequence
of the cannibalistic behaviour of co ckroaches.
One of these parasites, P. kudoi, may prove to
be an effective factor in the control of cockroaches.
Bacteria are also known to infect these insects.
Heinecke (1956) described a spore-former causing
mortality in Blatta orientalis L. In the case in
question, a complete extinction of laboratory
colonies resulted after the introduction of infected
.nsects.
1

Anoplura
Lice are much more difficult to attack by natural

control agents. We know of no egg parasite of the
different lice of man and animals. Also, the list of
diseases is very short. Only the rickettsiae, charac-
teristically associated with lice, shorten the life of
infected lice by destruction of their gut epithelium,
and even this is quite inadequate as a control
measure. The food of lice is sterile, and contami-
nation of the body is not common. Mortality in
colonies of lice in the laboratory (red specimens) is
usually caused by bacterial infection of the body
through ruptures of the gut during sucking. Lice
sucking blood from the donor through gauze mesh
are often forced to withdraw their proboscis too
quickly; in such cases, ruptures of the gut are quite
common. Such ruptures do not occur, however,
under natural feeding conditions. Popov & Manui-
lova (1926) found the microsporidian Nosema
pediculi in the gut epithelium of body-lice, but
there is no evidence of an eventual pathogenicity
of this organism.

Heteroptera
Bugs, important though they are in the Americas

as vectors of leishmaniases, are not well known
from the standpoint of the significance of their
biological control agents. Of the parasites, the
scelionid, Telenomus fariasi Costa Lima, is a pro-
mising parasite of triatomid eggs, developing 10
to 16 adult offspring in a single host egg. Predators,
and pathogens too, are known from bedbugs. The
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schizogregarines, Machadoella spinigeri (Machado)
and Machadoella triatomae (Reichenow), parasitize
the malpighian tubules of cone-nosed bugs. The
microsporidian Nosema adiei (Christophers) has
been recorded from the ovaries of Indian Cimex
rotundatus L. (Shortt & Swaminath, 1924). While
representatives of other groups are as yet unknown,
it is felt that special searching might well reveal
them. Some Entomophthoraceae (e.g., Entomo-
phthora erupta Dustan) are pathogens of plant-
feeding bugs. Strains pathogenic for triatomids are
yet to be isolated.

Aphaniptera

Fleas comprise another group which boasts
only a few known pathogens or parasites. Only
pseudoscorpions, ants and certain beetles are
known to prey upon them. As regards the pathogens
of flea larvae, we have to list especially two Coccidia,
Legerella parva N6ller (in Ceratophyllus gallinae
Schrank and Ceratophyllus columbae Walk. & Ger.)
and Legerella grassii Splend. (in Nosopsyllusfasciatus
Bosc.). Both are parasites of malpighian tubules.
Microsporidia play a more dominant role, Nosema
pulicis Noller being an effective parasite of Cteno-
cephalides canis and Ctenocephalides felis Bouche.
Noller (1912) demonstrated that these microsporidia
kill fleas, infect different organs including the ovary,
and are transmitted by eggs from generation to
generation.

Diptera

As the most plastic group of vectors, Diptera
present many opportunities for effective biological
control. A long list of parasites and diseases renders
it necessary to subdivide this section.

Mosquitos. Mosquitos have no insect parasites in
either the aquatic or the terrestrial stages. Many pre-
dators, however, reduce larval populations in pools.
These predators include the Sialidae, Agrionidae,
Calopterygidae, Perlidae and Chloroperlidae, some
Hemiptera and Coleoptera, Trichoptera of all kinds
and some predacious Diptera such as Dolichopo-
didae, Ephydridae, Toxorhynchites, and Chaoborus.
Larvae and adults of mosquitos are attacked by
various vertebrates, e.g., amphibians, fishes, birds
and bats. The association between mosquitos and
larval mites (trombiculids or hydracarines) is well
known. More important as parasites, though, are
spiders, especially in relation to concentrations of
Aedes mosquitos in vegetation. No predators seem

able to control massive spring outbreaks of
mosquitos emerging from temporary pools or
inundated pastures.
Fungi are quite common pathogens of mosquitos,

some of them attacking the aquatic stages, others
the terrestrial ones. A particularly important role
is played by Coelomomyces fungi, which develop
inside the body and usually kill the larva in due
course. Resistant sporangia transmit the infection
to mosquitos of the next generation. A field experi-
ment conducted under WHO auspices in a remote
Pacific island has directed attention towards the
potentialities of Coelomomyces. Adult mosquitos
are affected by massive outbreaks of different
entomophthoraceous fungi. The literature contains
accounts of many cases of the infection of mosquitos
by Entomophthora: E. gracilis Thaxter, E. montana
Thaxter, E. papillata Thaxter, E. apiculata Thaxter,
E. conglomerata Sorokin and E. culicis Braun all
figure in this respect. Some of them grow well on
artificial media. Winter resting-places are often
centres of infection, and every year large populations
of hibernating mosquitos are killed by these fungi
in Europe.
The second big group of diseases of mosquitos

comprises those caused by Microsporidia. More
than 14 different species of these protozoa attack
mosquitos in different parts of the world and appear
to be promising candidate biological control agents.
Of primary importance is Nosema stegomyiae, an
egg-transmitted species that kills Anopheles gambiae,
Aedes aegypti and other hosts in the field as well
as in the laboratory. Other egg-transmitted species
are Thelohania grassii (Missiroli) and Plistophora
collessi Laird. Plistophora culicis Weiser, too, has
caused serious mortalities in laboratory colonies.
Other species, attacking the fat body of the larvae,
are able to reduce to some extent the larval popu-
lation in temporary pools. The natural frequency
of microsporidians in larval mosquitos generally
ranges from 1% to 10%, but higher levels are
sometimes recorded in adults. Further reports
from California have been published recently
(Kellen & Wills, 1962).

Mermithid nematodes, too, may well prove of
real significance in the biological control of mos-
quitos. More than 40 different species of the latter
are known to harbour these parasites, though only
seldom has the nematode in question been identified.
Welch (1958) reared Hydromermis churchillensis
from infected Aedes communis Deg. in Canada.
Differences in the frequency of mermithids from
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region to region suggest the need for setting up
experiments under completely controlled conditions.

Muscidae. Flies, whether blood-sucking or not,
have a large group of parasites and predators. Mass
rearing and release of predators have brought local,
temporary results. The release of a wasp, Polistes
olivaceus, in Fiji should be mentioned in this con-
nexion. The most studied group of parasites is
that of tsetse ffies, from which over 20 Hymenoptera
are known. The release of Syntomosphyrum glossinae
has given rise to an increase of parasitization for
a short period of time. Different species of Spalan-
gium are effective predators of houseflies.
We do not know enough about the diseases of

houseffies. Some Microsporidia, including Octospo-
rea muscae domesticae Flu, which infect different
organs of the host, must be mentioned. Viruses,
rickettsiae and bacteria (except Bacillus thuringiensis)
are of no value in the control of houseflies. Their
most common and effective pathogens are fungi of
the family Entomophthoraceae. Entomophthora
calliphorae Thaxter, E. americana Thaxter, E.
sphaerosperma Fresenius or E. muscae Cohn are
quite common in different areas and under different
conditions of humidity and temperature. It should
be stated, however, that although some authors
have succeeded in infecting housefly populations with
Entomophthora under laboratory conditions, the
method is far from any practical application. Some
positive results have been obtained in the use of
Beauveria spores, now produced on a large scale.
By comparison with the above heavily parasitized

groups, little seems to be known about the diseases
of tabanids and phlebotomids. In the first group,
it is true, some Hymenoptera attack the eggs.
Telenomus emersoni proved effective when field-
tested in Texas some years ago, and in Europe it
is one of the most common parasites of tabanid
eggs. We have few data on the biological control
of phlebotomids, except that the fungus Ento-
mophthora papatasii kills adults in some cases.
The discovery of diseases of phlebotomid larvae
is, however, to be anticipated.
The diseases of blackflies and of biting midges

(e.g., Culicoides, Ceratopogon) are much better
known. We have no evidence of parasites of the
terrestrial forms, while in water only to some degree
do predators attack the larval stages or eggs on
stones. Microsporidia (9 species in blackflies; 3 in
midges) are the most important population-regulating
factors affecting larvae. Infection rates for different

localities range from 1 % to 20%. Fungi seem to
be of importance as regards the blackflies, Coelomy-
cidium simulii Debaisieux-a chytridiaceous fungus-
being quite common in the larvae of different black-
ffies all over the world, and causing a mortality of
5% to 40% in infected populations; while Entomo-
phthora curvispora Thaxter has been isolated from
dead simuliids, usually from females which had
already laid their eggs.

Mermithids are important parasites of simuliids.
During the spring, infection rates attain 80% in
some localities. The frequency of infection depends
very much upon the current and degree of contami-
nation of the stream concerned.

Acarina

Ticks, like other strictly blood-sucking arthropods,
acquire only a few diseases from their food. Some
hymenopterous parasites (e.g., Hunterellus hookeri)
attack ticks fixed to the skin of the host animal.
Several hymenopterans affect other ticks, but the
general effect of parasitization cannot be said to be
very encouraging. Also, diseases of ticks are very
uncommon. In some cases Beauveria fungi have
been isolated from dead ticks (Ixodes ricinus L.),
and in one case a microsporidian, Nosema ixodis
Weiser (1957), was isolated, but did not prove of
any value in tick control.

PRACTICAL APPLICATION

I shall not discuss here the integration of the
effects of pathogens, parasites and predators with
chemical and physical factors. I shall merely sum-
marize the biological control potentialities.

Pathogens are passively acquired, for the most
part entering the host body with food. Their
distribution is effected via the decaying bodies of
their hosts, via the faeces in the case of intestinal
infections, and via the eggs when infection is trans-
ovarial. In some cases parasites or predators are
of major importance as distributors of pathogens.
In other cases (e.g., in Hemiptera) cannibalistic
habits are important in transmission.

Predators and parasites, which may be reared for
field release, actively seek out the host in its habitat.
Once the host has been suppressed locally, these
natural enemies are likely to fall prey to extremes of
temperature and to starvation.

Research into the potentialities of biological
control against vectors might prove productive
along the following lines:
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1. Laboratory investigation of mass-produced
biological agents:

(a) Laboratory evaluation of Bacillus thuringi-
ensis for the control of houseflies and possibly
other Diptera too.
(b) Laboratory evaluation of Beauveria bassianae
for the control of houseflies, ticks and other
arthropods.
(c) Study of procedures for the mass culture of
bacilli pathogenic for cockroaches, of Entomo-
phthoraceae and other fungi for the control of
various Diptera, and of nematode parasites of
mosquitos and blackffies; and the laboratory
evaluation of these organisms against vectors.
2. Field-testing of various biological control

agents:
(a) Pathogens. Nosema stegomyiae, Plistophora
culicis, Plistophora collessi, and other micro-
sporidia such as those recently isolated by Kellen
& Wills (1962) in California. All of these merit
assessment of their mosquito control potentialities,
along the lines already commenced with Coelomo-
myces fungi. Nosemapulicis and other microspori-
dians of fleas are likewise viewed as promising
material for experimentation. For the control of

houseflies, it seems that certain Microsporidia
might prove useful. In regard to triatomid bugs, it
may prove possible to exploit certain schizo-
gregarines. Nematodes, especially mermithids, are
regarded as highly promising candidate biological
control agents for use against blackflies.
(b) Parasites and predators are likely to prove
especially applicable to the control of triatomid
bugs, mosquitos, houseflies, tabanids and midges.

3. An indispensable preliminary to any practical
employment of the above-mentioned agents would
be the detailed study of the ecology of both natural
and artificial hosts, in relation to their natural
enemies. It is considered that a global survey to
gather such data, linked with the proper evaluation
of the material collected, deserves high priority.
Only such a world-wide investigation of the patho-
gens and parasites of medically important insects
will yield the data upon which a balanced biological
control research programme can be based-a
programme proceeding to the evaluation and the
field-testing of candidate control agents, and finally
to the development of practicable control pro-
cedures and their integration with insecticidal and
other methods.

RtSUMt

Depuis quelques annees une meilleure connaissance
des insectes, du milieu ou ils vivent, des maladies qui les
atteignent et, d'autre part, I'augmentation des pheno-
menes de r6sistance aux insecticides ont donne aux
m6thodes biologiques de lutte contre les insectes vecteurs
de maladies humaines un renouveau d'interet. L'auteur
passe en revue les connaissances actuelles sur les agents
pathogenes, les pr6dateurs et les parasites de ces insectes,
blattes, poux, punaises, puces, moustiques, mouches et
tiques. II trace les grandes lignes de recherches futures
dans ce domaine. Les recherches devraient s'exercer
surtout dans deux directions; l'une est la culture et la

reproduction en laboratoire d'organismes susceptibles
d'infester, d'une maniere ou d'une autre, les insectes;
l'autre est 1'etude sur le terrain de l'effet de ces agents
pathogenes, de ces predateurs et de ces parasites sur
difftrentes sortes d'insectes vecteurs de maladies humaines.
De toute facon de telles recherches ne peuvent etre
pensees que dans un contexte international; c'est la
condition premiere pour rendre efficace une articulation
parfaite avec les autres methodes - en particulier chi-
miques - de lutte contre les insectes vecteurs de maladies
humaines.
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