
9 

Sporozoan Infections 

J. WEISER 

Laboratory of Insect Pathology, Institute of Entomology, C.S.A.V., 
Prague, Czechoslovakia 

I. Introduction 291 
II. Sporozoa as Insect Pathogens 293 

A. Gregarines in the Insect Gut 294 
B. Deve lopment of Pathogenicity in Tissue Gregarines . . 298 
C. Coccidia and Insects 306 
D . Haplosporidia in Insect Hosts 313 
E. Microsporidia That Cause Infections in Insects 317 
F. Helicosporidia in Insects 331 
References 332 

I. INTRODUCTION 

I n evaluat ing the relat ionship between Protozoa and Insecta we see 
that the majority of organisms occurring in insects as tissue-inhabiting 
parasites are members of the g roup Sporozoa. Many members of this 
g roup (including entire genera) are obligatory in their relat ionship, 
associated with definite insect genera as hosts or vectors. Notwi ths tanding 
this, we must admit that our present knowledge concerning Protozoa as 
insect pathogens is very incomplete; we are much better informed about 
the morphology and development of most species, and the pathology 
they cause in vertebrates, than we are about their pathogenesis in insects. 
Today , when most of the old information about Sporozoa in insects is 
reconsidered in the light of new methods of protozoological research, 
we find in the old l i terature many interesting and sharp-sighted observa
tions by the generat ion of protozoologists active at the end of the 19th 
century. A n d it is interesting and strange that we had much more in
formation concerning the t rue parasites of insects than about protozoan 
pathogens t ransmit ted by insects to m a n and other animals. A good ex-
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ample of this is the case of the Gregarina. Dufour saw gregarines and 
described them as early as 1828. Nosema bombycis was described by 
Nägeli in 1857, bu t it was not unt i l 1880 that the malar ia p lasmodium 
was described by Laveran, and it was seventeen years more before its 
transmission was demonstrated. However, the end of the 19th century 
brought such an active interest in the transmission of pathogens of m a n 
and animals that most protozoologists abandoned insect pathogens and 
spent most of their t ime studying such pathogens as babesias (Babesia 
bigemina Smith and Kilbourne) or flagellates (Trypanosoma gambiense 
Dutton) . Most of the work done after this period was spent on learning 
means of disrupt ing the chain of transmission. It is only dur ing the past 
twenty years that there has been a concentrated study of how to use path
ogens of insects for the biological control of pests. From this point on, 
the protozoan diseases of insects have gained new importance and we can 
now consider them as effective, or potentially effective, weapons against 
certain insect pests. 

T h e r e is considerable an thropomorphism in the idea that any ac
commodation or adaptat ion of a given infectious agent to the host (so 
that a chronic infection occurs) is an indication of a long-existing relation 
between them, and that, on the other hand , an acute, rapid infection 
lethal to the host is a manifestation of a recent, uncompensated infection 
in which the un tamed parasite kills the host. In the former case the "in
telligent" parasite is living at the expense of the host for a long time 
sparing h im as an extended source of food. In fact, a pathogenic agent 
encounters, in the field, a large number of different hosts. O n one hand, 
there are animals entirely unable to be hosts of the pathogen. A large 
group includes hosts more or less susceptible to infection, bu t in which 
the disease takes a long time to develop. A third group is comprised of 
very susceptible hosts in which the infection kills the host very early. 
T h e distr ibut ion of different grades of relations follows Gauss's curve. 
Both extreme cases of this curve are unsui table for sustaining the disease 
in the field. One does not allow for the propagat ion of the pathogen; in 
the other case the insects are killed in such a short t ime that all infected 
animals disappear from the populat ion, and the disease is el iminated 
since no more highly susceptible hosts are present. 

W e must expect for every infection of any host insect, that at differ
ent times different types of infection will occur. Probably every infection 
known to occur in insects (also transmitted pathogens such as malarial 
parasites in mosquitoes or piroplasms in ticks) has a specific host in 
which an acute and fatal infection will develop. T h e same is t rue in the 
case of insect pathogens not infectious for man . But these same acute 
infections are qui te infrequent in epizootics, where they are lost with the 
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death of the hosts. T h e most common of all are chronic, adapted in
fections, which are able to main ta in a stable dis tr ibut ion in a given pop
ulat ion. 

Certain pathogens are often present in definite biotopes. Th i s does 
not mean that susceptible hosts do not occur in other biotopes. I t only 
means that in one environment the necessary n u m b e r of susceptible 
hosts, modes of transmission, and climatic conditions are provided for 
the effectual maintenance of the infection. In this manne r stable reser
voirs (foci) of infections are formed, where the infection is present and 
active for many years. 

Sporozoa are notoriously associated with insect hosts. Every major 
group is represented by at least one insect pathogen or has an insect as 
a vector. Transmi t t ed vertebrate pathogens do not usually produce much 
damage in the host tissue of the vector. O n the other hand , strict insect 
pathogens are not pathogenic for m a n and other vertebrates. Localiza
tion in host tissues is essential for pathogenicity of the protozoan. Most 
eugregarines, present only in the gut lumen of the host, are nonpatho
genic commensals. Schizogregarines, on the other hand , invade tissues 
and are pathogenic and deleterious to their hosts. 

T h e Sporozoa are closely associated with insect populat ions. Only 
inadequate methods of detection are responsible for inadequate knowl
edge of their importance in na tura l balance. In many cases high mortal
ity is the only observed indicat ion of disease. In the field most infected 
animals disappear, consumed by predators (Weiser, 1954). In some cases 
a bacterial septicemia is present which masks and inhibits the slower-
developing protozoan, and matu re spores are not formed in the dead 
host. Consequently, most protozoan infections escape detection (Weiser 
and Veber, 1954; Weiser and Lysenko, 1956). Only good diagnostic 
methods will enable the specialist in popula t ion dynamics to evaluate all 
factors that l imit the development of insect populat ions. 

II . SPOROZOA AS INSECT PATHOGENS 

In this review of Sporozoa that attack insects we shall use the old 
taxonomic scheme of Schaudinn (1900), dividing the Sporozoa Leuckart 
into two major groups: the subclass Telospor idia Schaudinn and Neo-
sporidia Schaudinn. Th i s scheme does not coincide with the recently 
proposed system of Grasse nor with the views of the Committee on 
Taxonomy of the Society of Protozoologists, bu t it adequately differen
tiates the two main groups. T h e Telosporidia are characterized by hav
ing spores of a different size which contain more than one sporozoite. 
They have distinct male and female gametes, differing in form and 
joined together in union. Neosporidia, on the other hand, have gametes 



294 J. WEISER 

of equal size (isogametes) or the fusion is represented by the combinat ion 
of nuclei inside of one binucleate stage (autogamy). Wi th in the spores a 
polar filament or comparable structure can be differentiated. 

T w o orders of the subclass Telosporidia contain many parasites of 
insects: Gregarinida Lankester, and Coccidia Leuckart , with patho
genesis dependent on their location in the insect body. Most gut-inhabit
ing gregarines are harmless commensals. 

A. Gregarines in the Insect Gut 

All "nonpathogenic" gut gregarines of insects belong to the Eugrega-
r ina Leger, mostly representatives of families such as Gregarinidae Labbe, 
Hirmocystidae Grasse, Stylocephalidae Ellis, Actinocephalidae Leger, and 
Diplocystidae Bhatia. Various families and genera of gregarines typically 
have specific host groups. Exceptions may represent errors in classifica
tion ra ther than anomalies in the specifity of these gregarines. Four 
genera of Eugregarina are such anomalies: Lankesteria Mingazzini, 
where only L. culicis (Ross) and L. mackiei Shortt and Swaminath are 
parasites of insects (all other species are pathogens of Tunica ta , T u r -
bellaria, or Chaetognatha) , Gamocystis Schneider, Enterocystis Zwetkow, 
and some species of Monocystis Stein. 

1. Morphology and Development of Eugregarina in Insects 

W h e n groups of sporozoites are released from mature spores, they 
penetrate cells of the gut epi thel ium, where they grow and absorb nu
tri t ion from the cells as well as from the gut cavity. After further growth, 
a protomeri te and a deutomeri te with a nucleus are differentiated. In 
some species a special epimerite is inserted into the host cell. Female 
gamonts remain fixed to the gut wall while darker-stained male gamonts 
detach from the epi thel ium and associate with fixed females. Both sexes 
become attached together in tandem, or side by side, and form a globular 
cyst where microgametes and macrogametes are formed. Microgametes, 
after spinning rapidly, enter the macrogametes and each forms a spore. 
In the center of the cyst is a large resting body. W h e n this body swells 
a pressure is produced, burst ing the cyst. In genera where sporoducts are 
formed, these are everted from the cyst and spores are extruded through 
these tubes in long threads. In most cases the cysts are directly transmit
ted to the next host. In other cases the spores from cysts are l iberated in 
water and contaminate the food of the next host. 

Spores are navicular or oval and have 4 to 20 sporozoites. They are 
enclosed in a bivalved shell. In the spores a "swelling body" is present 
which aids in opening the spore and l iberat ing the embryo. T h e localiza
tion of young trophozoites in the gut is dependent to some degree on the 



9. SPOROZOAN INFECTIONS 295 

p H . Göhre (1943) was able to demonstrate such conditions in the gut of 
the mealworm. In this insect Gregarina cuneata Stein is localized near 
the cardia, where a p H of 4.4 to 5.8 is normal . A second gregarine, G. 
polymorpha Stein is si tuated in the ventriculus at a p H of 6.3 to 7.5, 
and a third, G. steint Berndt is common near the openings of Malpighian 
tubes at a p H of 5.5 to 8.2. 

T h e four above-mentioned anomalous groups of Eugregarina are 
intermediate to t rue pathogens. All tissue damage caused by a t tachment 
of trophozoites to the gut wall is readily repaired by normal regeneration 
of the gut epi thel ium. Real damage is caused only by those species which 
infect and destroy the tissues of the host. Gregarines such as Gamocystis 
francisci Schneider and G. tenax Schneider infect the cytoplasm of gut 
cells in the cockroach Ectobius lapponicus (Linnaeus). W h e n infected cells 
burst, the trophozoite has a well-developed protomeri te and deutomeri te . 
Wi th changes of osmotic pressure in the gut , these structures disappear. 
T h e same si tuation exists in Enterocystis ensis Zwetkow, E. racovitzai 
Codreanu, E. fungoides Codreanu, E. palmata Codreanu, and E. rithro-
genae Codreanu (Codreanu, 1940), where immature stages in the epi
thelial cells of ephemerid larvae form two distinct parts, one with a 
nucleus, the other without . In gut juice with a lower osmotic pressure, 
the young trophozoites are spherical, and later cylindrical, in shape. 

Another anomalous gregarine is Lankesteria culicis (Ross) inhabi t ing 
the gut of different species of mosquitoes, part icularly Aedes aegypti 
(Linnaeus). Wenyon (1911), after a detailed study, transferred the origi
nal Gregarina culicis of Ross to the genus Lankesteria, which contained 
species from the ascidian host done intestinalis (Linnaeus). These spe
cies are, in most cases, inhabi tants of the body cavity, not of the in
testine of ascidians. In mosquitoes, however, L. culicis undergoes some 
intracellular development in the epithelial cells of the gut, bu t for most 
of their life individuals are at tached to the epi thel ium by a bu t ton epi-
meri te and undergo mat ing and encystment in the Malpighian tubes of 
the host. Because of these differences, Grasse (1953) proposed the estab
lishment of the genus Ascocystis. W i t h respect to the morphology of all 
these forms, it is impor tan t to compare the form (division into proto
meri te and deutomeri te) in the host cell with the nonsegmented form 
after release into the gut cavity. These differences result from different 
osmotic pressures in the two environments. 

Nei ther Gamocystis, Enterocystis, or Lankesteria cause a pathology in 
the gut of their hosts or a destruction which could be characterized as 
representing pathogenicity since all destroyed cells are regenerated in 
excess by normal growth of the gut tissue. W h a t we know about the 
genus Diplocystis Künstler differs in some respects. T h e first steps in 
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the development of these gregarines is similar to those in other greg
arines: sporozoites penetrate the gut wall, reside in epithelial cells, or 
enter the tunica of connective tissue and muscles a round the gut. As the 
gregarine grows, the cell is disrupted and the trophozoite enters the 
hemolymph. In many cases initial pairs of trophozoites are formed and 
these occupy oval cysts in the coelom of the host. Transmission of the in
fection from host to host is at tained by the cannibalistic feeding of young 
insects on living or dead individuals of their own species. Th i s is typical 
for two species: Diplocystis major Cuenot in the cricket Gryllus campes-
tris Linnaeus, and D. schneiden Künstler in the cockroach Periplaneta 
americana (Linnaeus). Infection by Diplocystis does not produce overt 
symptoms, bu t increased ingestion of infected material in crowded popu
lations initiates an obvious decline in activity and an earlier than nor
mal death of the infected animals. 

Coelomic gregarines of some beetles are also very interesting. Earlier 
reports have included them as members of the family Monocystidae. 
For example, Monocystis legeri Blanchard is a species that forms cysts in 
the body cavity of Carabidae such as Carabus auratus Linnaeus and 
Pterostichus niger (Linnaeus). I t would appear that more species and 
other hosts are involved and that the lack of information concerning 
these organisms is only the result of faulty diagnostic techniques. I t was 
recently demonstrated that well-known agricultural pests also have dis
eases caused by members of this group. 

In some parts of Europe we know that coelomic gregarines exist in 
grubs of Scarabaeidae. Weiser and Wil le (1960) described such an infec
tion in larvae of Hoplia sp. from Switzerland. In mature larvae, round 
white cysts 0.5 m m in diameter can be observed in the body. Young 
cysts contain two acephaline gregarines in syzygy, each reacting differ
ently to staining. Gametes are formed in the cyst, and after mat ing a 
mass of navicular spores is formed. Spores within the host body contain 
only uninucleate sporonts, bu t after death and atmospheric exposure of 
the cysts, every spore produces eight sporozoites. Transmission is ef
fected by per os ingestion of infected food. In one host from 6 to 15 cysts 
were found, located on both sides of the body close to stigmata. A thin 
membrane acts as the wall of the cyst which is produced by the parasite 
(Fig. 1). Th i s membrane is then ensheathed with a layer of connective tis
sue composed of flat cells supplied with a tracheal branch, enclosing the 
cyst in a loose network of tracheoles. T h e tracheal branch is the only direct 
connection the cyst has with the tissues of the host. T h e pr imary tissue, 
where the trophozoites have encysted, appears to be individual segmental 
tracheated lobes of the fat body. Cysts can be displaced by pressure and 
they accumulate in parts of the lobe where they are not disturbed by 
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FIG. 1. A Monocystis cyst in the body of Hoplia sp. Sporoblasts are differentiated; 
fat body cells are shown on the cyst surface. 
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peristalsis of the gut or excessive movements of muscles dur ing locomo
tion of the larva. Most infected larvae die before pupat ion . 

A similar or identical gregarine occurs in white grubs of Melolontha 
melolontha (Linnaeus) in France (Fig. 2). Over 240 white cysts have been 
isolated from infected grubs. T h e stages of the gregarine in these 

FIG. 2. Fresh spores of Monocystis sp. in white grubs. 

globular cysts are very similar to those isolated from Hoplia. Infected 
larvae are generally smaller than normal , their fat body is not as well 
developed, and all infected larvae die before pupa t ion . 

2. Are Eugregarina Facultative Insect Pathogens? 

Of all the previously discussed parasites, we see that gut gregarines 
are usually not capable of seriously harming their hosts since damage to 
epithelial cells is compensated by normal regeneration of the tissue. Only 
in a few isolated cases where some species live within body tissues can 
some damage be observed. Schizogony (which eugregarines lack), with 
its requirement of considerable host tissue for nu t r i t ion of the develop
ing schizonts, is essential for pathogenic effects to occur. 

B. Development of Pathogenicity in Schizogregarines 

All evidence supports the opinion that schizogony preceding gamogony 
was common in archaic gregarines and its loss in the Eugregarina was 
an adapta t ion to new conditions met on land. However, the Archigre-
garina living in mar ine animals retain this old method of development. 
Some gregarines living in insects have secondarily acquired a schizogony 
in their development which compensates for the low n u m b e r of spores 
produced in sporogony. W e collectively treat them as the suborder 
Neogregarina Grasse 1953 (Schizogregarina Leger), 
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FIG. 3. Cysts of Farinocystis tribolii Weiser with young sporoblasts and full-grown 
spores. 

1. Detection, Morphology, and Development 

Neogregarina affect several different organs of the insect body. They 
are qui te common in the fat body. They also infect the gut wall and 
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cells of the Malpighian tubes. T h e infection is usually not apparent and 
does not produce external deformation or changes in color. Species that 
infect the gut or Malpighian tubes can usually be detected only by the 
presence of spores in feces. In infections of the fat body, the detection 
of early stages in living hosts is very difficult, and a diagnostic evaluation 
of the white color of the body in diseased larvae is dependent on individ
ual experience. Only microscopic observation of different developmental 
stages in the fat body is considered conclusive evidence of infection. 

Spores of Neogregarina are mostly navicular, oval or spherical, and 
with solid walls. Some have a pore in one or both sides of the spore, cov
ered by a cap or a plug. T h e rest must burst the spore wall while in the host 
gut, thus opening the way for sporozoites to penetra te the gut wall and 
enter the body cavity. These sporozoites are of the same shape in most 
species: vermiform, with a spherical nucleus in the anterior half of the 
body and with the posterior por t ion tapering. A large plasmodium with 
many nuclei develops from every sporozoite after entry into the proper 
tissue of the host. These stages are not vacuolate, and all nuclei are 
small and pycnotic. T h e nuclei migrate to the surface of the p lasmodium 
and small reniform merozoites are liberated. T h e y again mature into 
long gregarinoid schizonts, repeating the mult ipl icat ion of nuclei and 
growth of a plasmodium. But these plasmodia produce qui te different 
merozoites than before. T h e i r cytoplasm is vacuolate, rigid, and with the 
nucleus near one end of the oval body. Gamonts develop from these 
merozoites (trophozoites) and individuals, identical in shape and size, 
form pairs. In the genus Machadoella Reichenow gamonts with more 
than one nucleus enter syzygy, and one gamont surrounds the other with 
a spherical mant le in Farinocystis Weiser. 

Wi th in the cyst, or in some cases while in the membrane of the 
paired gamonts, the nuclei of either or both types are exchanged and, 
following further divisions of the sporoblasts, spores are formed. After 
formation of an internal structure, two different types of spores are 
noted. In the navicular type, the sporozoites are alternately attached to 
both poles of the spore by means of a th in stalk or disc. In the other type 
all sporozoites are at tached to only one pole, forming a banana-like 
cluster. 

In Ophryocystis Schneider, Menzbieria Bogojavlenskij, Lipocystis 
Grell, Mattesia Naville, and Farinocystis Weiser, two schizogonies occur, 
each differing in the morphology of its developmental stages. In other 
genera both schizogonies are identical or only one is present. From 1 to 
128 sporoblasts and spores are formed in the cysts of various genera. A 
tabular review of this is given by Weiser (1954b). 

T h e life cycle from spore to spore lasts from 10 to 18 days. Dur ing 
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this period some stages are usually retarded in development, so at any 
given moment we may have coincident with the majority of organisms 
younger stages capable of infecting addi t ional tissue. T h e motile stages 
are schizonts produced from the second schizogony and sporozoites. T h e 
schizogregarine divides into schizonts dur ing schizogony as long as 
further tissue is available. W h e n every cell capable of being infected is 
infected, further schizogony ceases and spores are formed. T h e invaded 
cells degenerate; fat droplets disappear, the cell wall disappears, and 
the nucleus looses its internal organization and disintegrates. Dur ing 
infections of Malpighian tubes the proximal par t is infected first and 
later the distal por t ion. T h e tube develops irregular swollen sacs and 
urate crystals are no longer formed. T h e period of pupa t ion is the time 
when the host needs the tissues that are infected and when damage to 
these organs is fatal for the insect. 

2. Transmission, Specificity, and Resistance of the Host 

Schizogregarina are dispersed by food contaminated with spores. 
Some species have very favorable conditions for dispersal. In flour and 
various milled products the protozoan spores of some pests of stored 
products are very common. T h e spores of Mattesia dispora Naville and 
Farinocystis tribolii Weiser (Fig. 3) occurring in dead larvae of the flour 
beetle and flour mo th are milled and dis tr ibuted throughout the flour 
and addit ional foci of infected cadavers are intermixed with them dur ing 
storage of the products. W i t h such contaminated flour we can also infect 
susceptible laboratory-reared hosts. In other hosts the disease is trans
mit ted by cannibalism. Syncystis mirabilis Schneider infects the nymphs 
of the water scorpion, Nepa cinerea Linnaeus, which may prey on other 
diseased females. In such insects with sucking mouthpar t s , the usual 
method of dispersal by contaminat ion of the water with material from 
dead animals is not sufficiently effective (Weiser, 1955a). In most cases of 
stored products, pests are infected when they feed on dead bodies of larvae 
of the same species. In Tribolium castaneum infected with Farinocystis 
tribolii, this method of transmission is normal (Weiser, 1953b). In para
sites of the Malpighian tubes, the spores are distr ibuted in feces. In the 
case of Mattesia povolnyi Weiser, which also causes an infection of the 
Malpighian tubes, individual eggs of the host moth, Homeosoma nebu-
lellum Hübner , are contaminated on the surface dur ing oviposition. In 
this manner , an 80 to 100 percent infection was established over a wide 
area where only one larva per 50 sunflower plants was present (Weiser, 
1953a). In other cases concerning infections of the fat body, various 
predators and mites are active distr ibutors of spores in the environment . 
One such case is the dis t r ibut ion of Menzbieria chalcographi Weiser in 
Pityogenes chalcographus Linnaeus. 
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Host specificity of schizogregarina needs further evaluation. Farino
cystis tribolii is most common in Tribolium castaneum (Herbst), bu t 
infection of T. confusum Jacquel in duVal and T. destructor Uyttenboo-
gaart with massive doses is possible. Mattesia dispora Naville, on the other 
hand, will infect not only the pr imary host, Anagasta kühniella (Zeller), 
bu t also Ephestia elutella (Hübner) and Plodia inter punctella (Hübner) . 
Toumanoff (1947), using the same pathogen, was able to infect both 
Achroia grisella (Fabricius) and Galleria mellonella (Linnaeus). Com
mon food and ready exchange of the pathogen in the biotope appear 
to be impor tant for transmission from host to host. Exper imental trans
missions and cross infections have not been a t tempted with other insect 
species. 

Host resistance is a factor which increases with the age of the insect, 
but , so far as is known, is not t ransmit ted from host to host or strain to 
strain. In general, larvae are susceptible unt i l the fourth instar, after 
which infection is very difficult to establish. T h e rapidi ty with which 
infection occurs depends on the size of organs infected and of the 
quant i ty of spores in the infectious dose. In cases where a steady source 
of contaminated food is present, constant hyperinfections must be ex
pected. W e have never observed reversible infections result ing in recovery. 
Phagocytosis occurs only dur ing early stages when sporozoites are found 
in the hemolymph. Later, when large numbers of gregarinoid schizonts 
are present in the hemolymph, the number of phagocytes does not in
crease proport ionately and cases of phagocytosis do not occur. T h e sus
ceptibility of different hosts for different schizogregarines is dependent 
on conditions in the host gut. First, the juices there must be active 
enough to st imulate the spore to open. T h e n the environment , p H , 
and other factors, must be sufficient to st imulate active penetrat ion of the 
sporozoites through the per i t rophic membrane and into the gut wall. 
Later, the tissues must be suitably constituted for further growth of the 
schizonts. In general, the experimental aspects of these problems have 
never been studied. 

3. Epizootiology of Infections, Localization in the Biotope, and 
Synergism 

Schizogregarines evidently produce density-dependent infections. 
T h e r e are instances in which massive infections spread dur ing an out
break of a pest (e.g., Mattesia dispora in Plodia inter punctella, see Wei
ser, 1954c). In other cases the infection controls low densities of a given 
pest, as ment ioned in the case of Mattesia povolnyi Weiser. In estab
lished biotopes with a steady supply of food, such as in stores, mills, etc., 
a balance is established dur ing some periods, the steady control and the 
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steady development of uninfected hosts occurring at the same time. 
W h e n this steady supply of fresh food is in te r rupted or stops, an out
break of the flour pests, followed by an outbreak of their diseases, will 
occur. Old populat ions , dirty shelters, old colonies of bark beetles, and 
small ponds, are the most suitable localities for massive outbreaks of 

10 20 30 4 0 
FIG. 4. Mortality of healthy and Farinocystis-iniected Tribolium castaneum 

(Herbst) beetles after exposure to different X-ray doses. A. Infected beetles, 10.000 r. 
B. Infected beetles, 1.000 r. C . Noninfected beetles, 10.000 r. D. Noninfected beetles, 
1000 r. E. Infected, nonirradiated beetles. (After a table of Jafri, 1961.) 

schizogregarines. In such cases, na tura l epizootics develop when masses 
of dead, infected animals disseminate spores in a restricted area year 
after year. From time to time t remendous epizootics have been encoun
tered. In the Laboratory of Insect Pathology in Prague, Czechoslovakia, 
cultures of Tribolium castaneum are main ta ined where 98 percent of 
the larvae, b u t only 2 to 3 percent of the adults, are infected with 
Farinocystis. I n a small pond near Prague, a popula t ion of Nepa cinerea 
Linnaeus was discovered (Weiser, 1955a), 80 percent of which was infected 
with Syncystis mirabilis. I t occurred dur ing a large outbreak of the 
water bug, where every stem in the pond harbored one or more bugs, 
surviving wi thout adequate food. 

Infection by schizogregarines lessens the general resistance of the host. 
Infected hosts have a much lower threshold of susceptibility for physical 
and chemical injuries. Changes in oxygen content in water dur ing trans
port readily kill infected insects. W h e n insecticides are applied to dis
eased insects, the prodromal phase of intoxication, including the knock-
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down effect, are shortened. In Tribolium castaneum infected with Fari
nocystis the response to chemicals is about tenfold greater than that 
shown by uninfected animals. Jafri (1961) demonstrated that after appli
cation of gamma radiat ion, the differences between infected and non
infected Tribolium beetles have occurred in the L D 5 0 range of the 
radiat ion (see Fig. 4). These results show the influence and danger of 
using infected insects in laboratory tests of insecticides and other active 
substances. 

4. Evaluation in Forecasting Outbreaks, and Practical Use 

In many cases the frequency of a schizogregarine infection in an 
insect pest can be used for the evaluation and forecasting of the further 
progress of an outbreak in the field. In grain or flour stores where there 
is not a rapid turnover in bulk, when the frequency of Mattesia dispora 
is greater than 20 percent in a pest like Anagasta kuhniella or Plodia 
interpunctella it is a sign of an approaching epizootic. T h e same is t rue 
in the case of Syncystis mirabilis in Nepa cinerea. As previously men
tioned, the very detection of Mattesia povolnyi (in conditions of Middle 
Europe) is evidence of an adequate na tura l control of Homeosoma nebu-
lellum in a given area. Moreover, in such a case, the application of 
masses of spores in a field where only every 20th or 50th p lant is infested 
by the pest, would be a waste of material . Because of this, in t roduct ion 
of the disease is possible by release of reared caterpillars or moths in
fected with this schizogregarine. In other cases, control of beetles or 
moths living close together is feasible by dusting crops with spores of the 
schizogregarines. High susceptibility of Tribolium castaneum to Farino
cystis tribolii is the reason this insect is the least encountered pest in stored 
products, while the other two species are qui te common, part icularly 
Tribolium destructor which generally is not attacked by disease and 
is one of the most unpleasant pests of stored products. As with all other 
problems, our knowledge of the applied aspects of the schizogregarina in 
biological control is based only on recent work. Most earlier publications 
are primari ly taxonomic treatises, with little interest in applied or ex
perimental problems. 

5. Review of Injections Caused by Schizogregarines 

T e n genera of schizogregarines are represented in insects (see Weiser, 
1954b); they may be briefly reviewed as follows: 

Ophryocystis Schneider. These are parasites of the Malpighian tubes 
of different beetles; in many cases the infection is nonpathologic to 
their hosts. Only one spore is formed in the cyst. Comprised of more than 
10 species, most are parasites of the Tenebr ionidae , thus O. mesnili 
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Leger is present in Tenebrio molitor Linnaeus, where a possible confu
sion with Farinocystis which inhabi ts the fat body, may be expected. 
O. duboscqui Leger was described from the Malpighian tubes of Otior-
rhynchus ligustici (Linnaeus) and other species of the same family. 

Mattesia Naville. Members of this genus are impor tan t factors in the 
na tura l control of some insect pests. Mattesia dispora Naville in the flour 
moth and M. povolnyi Weiser in the sunflower moth are the only two 
species described. T h e genus Coelogregarina Ghelelovitch is identical 
with M. dispora. Mattesia orchopiae Dasgupta (1958), a parasite of the 
flea Orchopeas wickhami, is not a typical Mattesia; some stages appear to 
be closely related to Coccidia. Typical hosts of these parasites are Lepi
doptera. 

Menzbieria Bogojavlenskij. After the description of the first species 
from a hydrachnid, a second, M. chalcographi, was designated by Weiser 
(1955b) from the bark beetle Pityogenes chalcographus Linnaeus. These 
schizogregarines appear to be useful elements in the control of some im
por tan t groups of forest pests. Only this one species is known from in
sects. 

Lipocystis Grell. Lipocystis polyspora Grell (1938) is a parasite of the 
fat body of Panorpa communis Linnaeus. T h e infection is t ransmit ted by 
feeding on infected tissues of individuals of the same species. 

Machadoella Reichenow. Members of this group are impor tan t para
sites of the neotropical bloodsucking bugs, Reduvi idae. Machadoella 
triatomae Reichenow (1935) was described from Malpighian tubes of 
Triatoma dimidiata (Latreille), a vector of Schizotrypanum cruzi in San 
Salvador. In Spiniger sp., a second species, M. spinigeri Reichenow, 
causes heavy damage. 

Farinocystis Weiser. T h e only member of this genus, F. tribolii Wei
ser, is an effective parasite of Tribolium castaneum (Herbst), and in some 
instances, of Tenebrio molitor Linnaeus. Tribolium confusum Jacquelin 
duVal and T. destructor Uyt tenboogaar t can be infected in the labora
tory. Triboliocystis garnhami Dissanaike (1955) is identical with Farino
cystis tribolii Weiser. 

Caulleryella Keilin. Members of this group are parasites of Diptera, 
and especially of mosquitoes. Caulleryella anophelis Hesse and C. pipi-
entis Bresslau and Buschkiel (1919) are interesting parasites of mosquitoes 
because they are not restricted entirely to Anopheles bifurcatus Meigen 
or Culex pipiens Linnaeus. T h e y also occur in the intestinal wall of 
other mosquitoes. Another species, Caulleryella apiochaetae Keilin, is 
pathogenic to flies. Transmission takes place by way of ingesting food 
in contaminated ponds, where adul t mosquitoes dr ink water and where 
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larvae feed on the bottom. T h e disease seems to have meri t for further 
use in control of mosquitoes or flies. 

Syncystis Schneider. Only one species, S. mirabilis (A. Schneider), is 
a parasite of the water bug Nepa cinerea Linnaeus and is well charac
terized by four short filiform processes on each side of bo th poles of the 
spore. Because of its localization in the fat body of the bug, it is an 
effectual pathogen of this pest of ponds. 

Lipotropha Keilin. These are also pathogens of Diptera, infecting the 
fat body. All infected tissues are destroyed. Lipotropha macrospora and 
L. microspora Keilin (1923b) infect larvae of Systenus sp. Chat ton dis
covered another species, L. calliphorae, in Calliphora erythrocephala 
Meigen. 

Schizocystis Leger. Leger's description of the parasite S. gregarinoides 
introduced a very interesting organism into the order Neogregarina, a 
parasite with unusual forms of schizonts and with dimorphic gametes. 
Some characters of these gametes are qui te un ique in schizogregarines, 
indicative of an isolation of this genus from all others. I t is a parasite 
of the gut wall of Ceratopogon solstitialis auct., occurring in fresh waters. 
Keilin (1923a), described S. legeri from another dipterous host, Systenus 
sp., the second with these aberrant stages. Both species could prove to be 
interesting from the poin t of view of the microbial control of certain 
insects of medical importance. 

I t would seem that only very few groups of insects serve as hosts of 
Schizogregarina, bu t actually this is not the case. I t is only the result 
of very l imited interest in the group and lack of investigations of large 
series of different insects, especially of beetles and bugs. 

C. Coccidia and Insects 

In comparing the number of Coccidia in vertebrates with those in 
insects, we see that insects harbor less than 1 percent of all known species. 
Consequently, we must conclude that their occurrence in insects is only 
accidental. Coccidia are mainly parasites of vertebrates. Only five genera 
are true parasites of insects: Barrouxia A. Schneider, Adelina Hesse, 
Chagasella Machado, Legerella Mesnil, and Ithania Ludwig. T h e r e are 
a number of other species in genera, such as Hepatozoon, Haemogreg-
arina, and Legerella, in which insects are intermediate hosts, serving 
as vectors of the coccidian which is pathogenic for vertebrates. These 
part icular coccidia are treated more thoroughly in Chapter 8, Volume I. 

1. Detection, Morphology, and Development 

Coccidian infections of insects are not externally manifested in in
fected animals by any physical al teration or change in color. T h e chitin-
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FIG. 5. Cysts of Adelina tribolii Bhatia in the fat body of the flour beetle, Tri
bolium castaneum (Herbst). 
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ous cuticula of the host is usually dark enough to mask any discolora
tion of internal organs. Only in rare cases in which a number of infected 
and normal animals are present, can we, after some training, differentiate 
infected, whitish larvae from noninfected specimens with a healthy yel
lowish, t ransparent fat body. Dur ing dissection, however, it is not very 
difficult to distinguish the infected organs. They are white and opaque, 
and in some cases slightly hypertrophied. Dead animals do not lose their 
form; they become dry and, when squashed in water, a white milky ma
terial is l iberated. Under the microscope, first we see dried and deformed 
cysts which will swell in water; later, typical cysts with spherical spores, 
or with spores of other typical forms of different species, are noted. Fresh 
spores are very resistant to staining. In order to study all stages of the 
parasite including the spores, fixation and staining of sectioned prepara
tions is necessary. 

Development of the most typical genus, Adelina, progresses in the 
host fat body. T h e vermiform sporozoites emerge from the open spore 
and penetrate the gut wall. From here the young schizont, not very dif
ferent in shape from the sporozoite, enters the hemolymph and is dis
t r ibuted throughout the host's body. Only the fat body is a suitable site 
for further development of the coccidian. T h e schizont grows into a 
mult inucleate spherical or oval body. An oval membrane develops a round 
each nucleus and all the schizonts fragment into a mass of bacilliform 
merozoites. These forms migrate into healthy tissue, and become distrib
uted in an area a round the old schizont, where they infect new cells and 
again produce oval mult inucleate bodies which divide into long mero
zoites. However, these merozoites do not reproduce again in the same 
manner . Some develop into dark-colored female gametocytes; the re
mainder cease to grow and have a distinct round nucleus and a light-
colored cytoplasm. These are male gametes or microgametes. In the 
meant ime, macrogametes mature from the female gametocytes. They are 
globular or oval. Microgametes adhere to macrogametes as crescent-
shaped bodies. T h r o u g h the now common membrane a par t of the nu
cleus of the microgamete enters the body of the macrogamete, and the 
fertilized cell begins sporogony. Wi th in this thickened cyst membrane , 
the nucleus completes further divisions, and a mass of from 3 to 30 nu
clei is formed. Fingerlike plasmodial structures p ro t rude from the sur
face, the nuclei enter these future sporoblasts, and they separate from 
the remainder of the cytoplasm. Th i s cytoplasm forms a resting body 
within the cyst. Every sporoblast redivides again and two sporozoites are 
formed in the spherical spore, again within a small resting body. T h e 
number of spores in one cyst is variable in the same host from one larva 
to another, and some variations also occur between different species. In 
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most cases, the number of spores in a cyst is from 3 to 30. Characteristics 
for determinat ion are, excluding the host species, found in the morphol
ogy of schizonts, or in the form of schizonts at the completion of the sec
ond schizogony. For example, there are differences in the number and 
arrangement of chromat in granules in gametocytes. Differences also 
occur in the cyst wall and in the number and shape of the spores. One 
of the most impor tan t characteristics of the infection is the location in 
the host body. In many cases, species determinat ion is very difficult. Old 
type material has been lost and emendat ion of old descriptions is im
possible since they are incomplete and host specificity was the pr incipal 
means of distinguishing species. I n the meant ime experiences with some 
species (e.g., Adelina sericesthis Weiser and Beard, 1959) showed a low 
host specificity. 

Other genera of Coccidia that infect insects differ from Adelina in 
certain specific details. Barrouxia does not have spherical spores. B. 
ornata Schneider has lentiform bivalved spores and with only one 
sporozoite. Here the gametocytes are not in a cont inual syzygy. A 
n u m b e r of microgametes are formed from one microgametocyte. 
T h e other two genera, Legerella Mesnil, and Chagasella Machado, 
have one feature in common. They do not form firm spores as in 
the other Coccidia. Instead, the spore membrane is a soft oocyst with 
from 16 to 60 sporozoites in the first genus and 3 sporozoites in the 
second genus. Otherwise, development of bo th genera is qui te similar 
to that of Adelina. Adelina is a typical parasite of the fat body, Bar
rouxia is present in the gut wall, and Legerella infects the Malpighian 
tubes. Chagasella is also a parasite of the gut epi thel ium, and according 
to some reports, the ovary is also infected by this parasite. If the latter is 
the case, further studies on the mode of invasion of the ovaries are 
necessary. Ithania, a parasite of a crane-fly gut, does not appear to be 
a well-defined coccidian. 

2. Transmission, Specificity, and Resistance of the Host 

T h e usual method of transmission of Coccidia in insects is by food 
contaminated with spores. In gut- inhabi t ing species, the cont inual distri
bu t ion of spores with the feces helps to disperse the spores to every niche 
in the biotope. I n parasites of the fat body, only dead, decaying insects 
or feces of predators are able to distr ibute the organism in the biotope. 
I n this sense the coccidian infections of insects are density dependent . 
But in some cases, part icularly in pests of stored products, the density 
of hosts is not the only determining factor. In stored products, protein 
is one of the pr imary deficient substances. Therefore, most stored-prod-
uct insects are cannibalistic. In this manne r healthy insects are infected 
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with masses of spores from dead cadavers. Flour beetles infected with 
Adelina tribolii Bhatia, in contrast to what was discussed in the case of 
Farinocystis, does not change very much the composition of the different 
stages of the beetle in a given popula t ion. Adelina has about the same 
frequency of infection in larvae of different ages as in pupae and adults. 
Feeding on dead insects is common to only par t of the popula t ion. T h e 
rest of the popula t ion does not use this food, and in them the infection 
is not so common. High mortali ty of larvae with infection before pupa
tion cuts down the increase of infection in the p u p a and imago. 

Sufficient experiments concerned with transmissions of Coccidia to 
different hosts have not been accomplished. Adelina tribolii, described 
from Tribolium castaneum, is also present in T. confusum (Bhatia, 1937) 
(Fig. 5). Evidently the same species was isolated from Trogoderma sp. and 
Tenebrio molitor. I t is qui te possible that Adelina mesnili Perez is iden
tical with Bhatia 's species as well. T h e same lack of specificity was also 
found in coccidians from other hosts. Therefore, Adelina sericesthis 
Beard and Weiser was not only infectious for Sericesthis sp. larvae bu t 
to Aphodius howitti Hope in Australia and to larvae of Melolontha 
hippocastani Fabricius collected in Czechoslovakia. 

We have noth ing to say about resistance of different hosts to coccid
ian infections. Infection per se is dependent on the dosage. Spores in 
small number in food are not able to infect beetles; there must be a 
dosage of some hundreds of spores (depending on the instar of the host) 
to init iate an infection. Fourth-instar larvae are infected only with 
difficulty, and these infections are transmitted to pupae and adults. 

3. Epizootiology of Coccidian Infections; Synergism 

As ment ioned above, most per os transmissions are reinforced by the 
cannibalistic feeding of insect hosts. Th i s is qui te common in the case 
of Adelina mesnili, A. tenebrionis Sautet, or A. tribolii. Also, in the 
case of Legerella parva Nöller (Nöller, 1914) which infects Ceratophyllus 
gallinae (Shrank) and C. columbae (Gervais), the protozoan is trans
mit ted in the feces on which the young larvae feed and thus become 
infected. Transmission of Legerella grassi Splendore from adults to 
larvae of Nosopsyllus fasciatus (Bosc) is effected in the same way. In 
sucking insects like Nepa cinerea or Dysdercus ruficollis (Linnaeus), 
the transmission of Barrouxia or Chagasella by cannibalistic sucking on 
diseased specimens is qui te common. 

Coccidian infections reduce the popula t ion of reared insects, bu t 
never kill all individuals. In Tribolium, more than 80 percent of the 
larvae may be infected and the colony is still able to survive. Usually, 
most infected larvae die dur ing pupa t ion and only 5 to 20 percent of 
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the adults are infected. T h e high mortal i ty of larvae pr ior to pupa t ion 
is a good clearing mechanism to provide healthy adults, and these lay 
eggs and have a progeny with low infection rates. T h e following genera
tion is mostly highly infected late dur ing the thi rd or fourth instar and a 
n u m b e r of last-instar larvae have only weak infections in their fat body, 
leaving enough fat for completion of metamorphosis. Th i s is accom
plished and a higher percentage of infected adults result, laying only a 
few eggs (the ovaries are small as their size depends upon the amount 
of fat tissue in the larvae). These two pr incipal cycles are successive, 
one after the other, in cultures. Generally, in low host populat ions, the 
infection is sporadic. T h e first spores are recovered about 10 to 21 days 
after init ial infection (Adelina sericesthis, A. tribolii Weiser, unpub 
lished), and infected hosts survive with the parasite several weeks or 
months unt i l they pupate . 

Qui te a number of activators or stressors influence coccidian infec
tions. Some of these factors are unusual ly high temperatures, lack of 
oxygen, excess humidi ty , influence of chemicals and poisons (insecti
cides), influence of other diseases, and the effect of various types of 
radiat ion (Jafri, 1961; and our own unpubl ished results). Sublethal doses 
of contact insecticides, of B. thuringiensis toxin, and of x-ray radia
tion increase the knockdown of infected insects exposed to toxic dosages 
about tenfold. 

4. Coccidia as Control Agents, and Review of Coccidian Infections in 
Insects 

T h e potent ia l practical value of Coccidia in the na tura l regulat ion of 
insect popula t ions appears to be very high. Adelina tribolii is a very 
impor tan t factor in the reduct ion of Tribolium confusum outbreaks, 
Adelina sericesthis is a very active agent in control of Sericesthis sp. 
grubs in Austral ia (Weiser and Beard, 1959), and more than 30 percent 
of Melolontha hippocastani grubs were infected by the same pathogen 
in Prague (Weiser, unpubl ished) . On the basis of these recent cases and 
evaluated from this point of view, other coccidia such as Legerella sp. 
may be of great importance in the na tura l control of fleas inhabi t ing 
bird nests. 

Some groups of Coccidia in insects are systematically arranged accord
ing to the type of host. One such group of Coccidia occur in stored-
product pests: Adelina mesnili Perez infects the clothes moth , Tineola 
biselliella (Hummel) , the flour moth , Anagasta kühniella, and Plodia 
inter punctella. A second species, A. tribolii, is found in Tribolium 
castaneum, T. confusum, and other flour pests. A third is Adelina tene-
brionis Sautet in Tenebrio molitor. They all infect the fat body and 
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they are all t ransmitted by feeding on the dead bodies of infected in
sects, or, in some cases, by spores present in flour from infected mills. 

Infections of freshwater insects form a second group: Adelina simplex 
Schneider in larvae of Gyrinus sp., Adelina tipulae (Leger) in Tipula 
larvae, Legerella hydropori Vincent (1927) in Hydroporus palustris, and 
Barrouxia ornata in Nepa cinerea. T h e first two infect the fat body of 
their hosts and are transmitted by feces of predators or decaying bodies of 
dead hosts. Others are also distr ibuted in feces of their hosts, since they 
infect the Malpighian tubes and the gut. Also, Ithania wenrichi Ludwig 
from Tipula abdominalis Say belongs to this aquatic group. 

A third group are parasites of fleas: Legerella parva Nöller and L. 
grassi are associated with larvae and adults of Ceratophyllus gallinae, 
C. columbae, and Nosopsyllus fasciatus in the nests of birds. 

A fourth group of Coccidia infect insects living in p lan t debris, 
detri tus, and mud . Here, Adelina transita Leger, A. zonula Moroff, and 
A. cryptocerci Yarwood (1937) are found along with their respective hosts 
Embia solirei R a m b , Blaps mortisaga (Linnaeus), and Cryptocercus 
punctulatus Scudder, which all feed on various p lant materials and on 
dead insects as well. Th i s group is closely associated with stored-product 
insects, bu t our present knowledge of all these organisms is not adequate 
for a profound evaluation or classification of the many species. T h e r e 
are undoubtedly some synonyms among those that have been named, 
and there are other problems that require experimental work with 
living parasites for resolution. 

T h e second subclass, Neosporidia Schaudinn, is divided into five 
orders: Actinomyxidia Stole, Myxosporidia Bütschli, Microsporidia Bal-
biani, Helicosporidia Kudo, and Haplosporidia Caullery and Mesnil. 
Members of one of these orders, Haplosporidia, have no filament in the 
spores, bu t all other organelles and structures of these organisms are 
very similar to the other members of this subclass. Members of a second 
order, Helicosporidia, have a spirally coiled thread inside the spore, in 
function identical with the resting-body or polaroplast of other Sporozoa. 
I t opens the spore when uncoiled after contact with l iquids from outside 
the spore. T h e three other orders were previously placed in a common 
subclass, Cnidosporidia. Recent research on the structures in their spores 
has revealed marked differences in the function of the filaments in all 
three orders. Therefore it is more appropr ia te that they be placed in the 
subclass Neosporidia. All these orders are more-or-less specific for certain 
special groups of host organisms. Myxosporidia are parasites of fish. 
Actinomyxidia are parasites of helminths. Microsporidia, as one of the 
less stabilized groups, are parasites of different hosts including vertebrates, 
bu t most of them are pathogens of insects. Helicosporidia, estimated after 
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the one species known, are also parasites of insects, and Haplospor idia 
have their most typical representatives dis tr ibuted in different mollusks, 
especially mar ine . Species recorded from insects are only atypical para
sites with many anomalies. 

D . Haplosporidia in Insect Hosts 

T h e paper by Caullery and Mesnil (1905) reviewed an inadequately 
known group of organisms occurring primari ly in freshwater organisms 
such as in Copepoda, Cladocera, and in some cases, in insects as well. 
Haplosporidia are organisms in transit ion from animals to plants. I t 
has been possible dur ing recent years to find evidence of the p lant 
affiliation of some of these organisms. I n the remainder, other studies 
furnished the evidence of animal affiliation. Most of these primit ive 
organisms, once described, have never been studied again. Unde r such 
circumstances, it is difficult to make any arrangement of the tax
onomy of these organisms, and the generic names, especially that of 
Haplosporidium Caullery and Mesnil, are also used in cases where 
it is clear that the new organism is not a typical representative of that 
genus. Typical species are parasites of mollusks. 

1. Morphology and Development of Haplosporidia in Insects 

In general, Haplospor idia are Protozoa with oval spores, in some 
cases flattened at one pole and wi thout a typical polar filament. T h e 
sporoplasm penetrates the gut wall and is dis tr ibuted to different parts 
of the host body in the hemolymph. Some of the Haplospor idia are 
typical gut parasites, others occur in the fat body, and some are free in 
oenocytes of the body cavity. Schizonts are produced and matu re into 
mul t inucleate plasmodia (4 to 60 or more). Nuclei and port ions of the 
cytoplasm form merozoites which have a more vacuolate cytoplasm and 
pycnotic nuclei. These merozoites develop into addi t ional small 
plasmodia with more nuclei, bu t final development will vary ac
cording to the species. Some divide into uninucleate sporoblasts which 
form spores. Other plasmodia discharge numerous sporoblasts and these 
remain in their plasmodial membrane as a pansporoblast . In some cases 
spores have different external appendages or sculpturing. 

2. Transmission, Specificity, Host Relations, and Epizootiology 

Like other Protozoa, Haplospor idia are food-transmitted pathogens, 
bu t rarely cannibalism may occur as a form of per os transmission (e.g., 
in the case of Coelosporidium periplanetae Swarczewsky). In parasites 
of the gut wall, the eggs are contaminated with spores in some instances 
and transmitted to the larva dur ing ecdysis. Th i s process is one of the 
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FIG. 6. Pansporoblasts of Haplosporidium typographi Weiser on the surface of 
the gut ef the bark beetle, Ips typographus Linnaeus. 
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ways in which Haplosporidium typographi Weiser spreads (Weiser, 
1954a). 

All known Haplospor idia are host-specific parasites. Even in situ
ations where a group of very similar insects live together in the same 
biotope, no cross infections have been observed (e.g., bark beetles and 
ephemerids). All Haplosporidia destroy invaded tissues of the host dur
ing their development and growth. T h e effect is different after localiza
tion in the body of the host. Infection of oenocytes in the body cavity 
is a characteristic of Haplosporidium bayeri Weiser (Weiser, 1947a), 
and in most cases the infection is only chronic wi thout damaging the 
host. T h e cysts are qui te small and insignificant for the well-being of 
the host. However, infection of the gut wall may produce heavy dam
age and cause the early death of the host. T h i s is t rue of Haplosporidium 
typographi. I n this species perforations of the gut wall init iate a sep
ticemia and the subsequent death of the beetle. Also, in cases where the 
parasite does not enter, bu t adheres to the surface, the decrease in the 
readsorption of the gut will contr ibute to a lowered vitality, decrease 
in egg number , and shorter life. Infection of a cockroach with 
Coelosporidium periplanetae Swarczewsky (1914), a l though found in the 
Malpighian tubes, did no apparent damage to any par t of these structures. 

Occasionally, epizootics of Haplospor idia have been observed in the 
field. For example, the frequency of infection with H. typographi in the 
bark beetle Ips typographus Linnaeus, varied from practically no th ing 
to 80 percent in very old popula t ions of the beetle (Fig. 6). 

3. Practical Value of Haplosporidian Infections 

Of all the presently known species, only Haplosporidium typographi 
appears to hold some promise in reducing certain populat ions of bark 
beetles. All other known infections seem to be of no practical value in 
the control of insects. 

4. Some Representatives That Cause Disease in Insects 

Haplosporidia , which are now transferred to Protophyta, cause some 
very impor tan t diseases of insects. Several examples are Coelomycidium 
simulii Pfeiffer, an impor tan t parasite of black flies; Myiobium Swellen-
grebel (1919) in Anopheles mosquitoes; Myrmicisporidium Höl ldobler 
(1930) in ants; and Mycetosporidium Leger and Hesse (1905) in Otior-
rhynchus beetles. 

Haplosporidium typographi, in the bark beetle Ips typographus, is 
a peculiar infection. Even though cysts may have been observed in feces, 
it is very difficult to dissect and detect the site of infection. Only after 
separation of the gut can spherical cysts with pansporoblasts be seen 



316 J. WEISER 

FIG. 7. Gut epi thel ium of Ips typographus Linnaeus entirely disrupted by vegeta
tive stages and pansporoblasts (black, irregular) of Haplosporidium typographi Weiser. 

under the microscope on the outer surface of the gut wall near the cardia. 
These pansporoblasts, just pr ior to spore dispersal, burst into the gut 
lumen (Fig. 7) and the small round spore-containing cysts pass from the gut 
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with the feces of the beetle. Whi le in the gut, the form of these cysts 
changes. They shrink to irregular discs and only a discerning eye is able to 
distinguish them. T h e infection is common in older adul t beetle popula
tions. Larvae are rarely infected and then only in old colonies, when 
larvae accidentally cross or enter old, infected galleries containing in
fected feces. In new infestations of trees, the disease is qui te uncommon. 

Female bark beetles seal their eggs into small holes in the main gal
lery, using feces as par t of the plug. Occasionally, the first larvae to 
hatch from their eggs ingest cysts of the haplosporidian and become in
fected. T h e disease is presently known only in Ips typographus. Studies 
of five other species of bark beetles in the same area were negative for 
this disease. Another similar protozoan is Haplosporidium tipulae Huger 
(1961), a parasite invading the larvae of Tipula paludosa (Meigen) in 
Germany. A third pathogen, Coelospora binucleata Gibbs (1959) is 
present in Gonocephalum arenarium Fabricius in South Africa. 

£ . Microsporidia That Cause Infections in Insects 

Microsporidia are in t imate parasites of insects, well adapted in patho
genicity, transmission, ecology, and resistance to their hosts. They are 
very common in insects, bu t the detection of an infection is not always so 
easy as in a fungus or virus disease. Therefore, massive epizootics of 
microsporidian infections comparable to such diseases as "Wipfelkrank-
hei t" and "grasserie," or white muscardine and Entomophthora mycoses 
are not repor ted in earlier l i terature. Only microsporidia associated with 
rear ing of the silkworm or honey bee provide evidence of their existence 
in heavy losses to agriculture in Europe as well as in Asia and America. 

1. Diagnosis, Morphology, and Development in Insects 

Diagnosis of microsporidian infections in insects is dependent on the 
transparency of the insect cuticle which is t rue of certain other infections 
as well. T h e most suitable insects for such diagnoses are those aquat ic 
insects with a hyaline, t ransparent body. Here the white color of the 
infected fat body, and of the different tissues become china-white or 
opaque milky white from masses of spores and is clearly distinguished 
even by cursory examinat ion in mosqui to larvae and in Chaoborus, 
Simulium, Chironomus, Ephemera, and different other hosts (Fig. 8). In 
plant-feeding pests, such as Lepidoptera and Coleoptera, the differences 
between infected and noninfected insects are too slight for an un t ra ined 
eye. After dissection, however, identification of infected organs is not 
difficult (see Weiser, 1961) because of the presence of spores which can 
be demonstrated. Also, detection of a microsporidian infection in dead 
and dried specimens using spores as the criterion is not difficult even 
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FIG. 8. Pansporoblasts of Thelohania legen Hesse, both young and mature spores 
of the microsporidian. 

after many months have elapsed. In some instances changes and symp
toms of disease may be observed in living insects. For example, in the 
silkworm, infected caterpillars exhibit dark spots and irregular growth. 
In black flies, infected larvae are retarded, for one or more instars, in the 
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development of some structures as a result of alterations in concentrat ion 
of neurohormones. In some gut infections of Lepidoptera, larvae are 
deformed or misshapen, and in massive infections they do not accept 
any food after the first 4 days of incubat ion, acting as living mummies. 

T h e spores of Microsporidia open in the host's gut, the polar fila
ment is extruded, some of the numerous filaments penetra te the peri
t rophic membrane and insert the p lanont , a binucleate sporoplasm, into 
the gut wall. Th i s stage is able to migrate into the hemolymph and is 
distr ibuted to different parts of the host body, where it invades a suit
able tissue. Spherical stages of first schizogony contain only a few darkly 
stained pycnotic nuclei, and these schizonts divide into an irregular 
number of merozoites which are oval or spherical and contain a granu
late nucleus and vacuolate cytoplasm. From them, secondary schizonts 
grow in cells of the host tissue. They are different in form: sometimes 
they are produced in long chains with nuclei in a regular arrangement; 
in other instances they appear as round or irregular masses with clusters 
of nuclei. At the terminat ion of schizogony, pairs of nuclei are formed 
and these become isolated from the rest of the schizont forming so-called 
diplokarya. These are the stages of autogamy, one cell with two nuclei 
representing both sexes. These nuclei exchange their chromatin sub
stance dur ing that phase when well-formed chromosomes are present. 
In many cases the two adjacent nuclei rest after this division; at o ther 
times, the diplokaryon divides in to two sporonts after mitosis. From this 
moment sporogony starts. According to characteristics of different genera, 
spores are formed either singly, or in pansporoblasts with 2, 4, 8, 16, or 
more spores (Fig. 9). 

T h e shape of the spore differs in the various families. For example, 
in the Nosematidae the spore is an oval body; in Mräzekidae it is 
tubular ; in Cougourdell idae it is tubular , arched, or S-shaped. However, 
the internal structure is the same in all families. T h e r e is a sporoplasm 
with one or two nuclei; a long or short polar filament coiled inside the 
spore; and a spherical or irregular swelling polar body; (polaroplast of 
Huger , 1960) and a solid strong cont inuous spore membrane . T h e polar 
filament is a hollow tube, not wider than 0.15 μ and, in some cases, more 
than 400 μ long. T h i s tube is fastened to a small opening in the spore and 
must be everted dur ing extrusion. In most cases the filament is coiled 
in the uppe r par t , just below the surface of the spore; in other cases, it 
extends longitudinally. Ohshima (1937) was the first to observe the 
ejection of the p lanont from the top of the polar filament a l though some 
earlier observers had noted the presence of a globular body at the top 
of an ext ruded filament (Morgenthaler, 1922). Only recently this obser
vation was confirmed by the work of Kramer (1960) on Nosema whitei 
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FIG. 9. Plasmodia of Plistophora chaobori Rapsch fragmenting into mononuclear 
sporonts. 
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Weiser and by Lorn and Vävra (1961) on Plistophora hyphesobryconis 
Schäperklaus. According to these more recent observations, the spore is 
plugged by a cap of a polysaccharide more soluble than that of the spore 
wall. After a change of p H or concentrat ion of gut juices, and in some 
chemicals such as acetic acid, ammonia , glycerin, hydrochloric acid, 
iodine water, hydrogen peroxide, or only in water with pressure applied 
to the cover glass, this cap is disrupted and some fluids may enter the 
spore. T h e spore reacts by immediately ext ruding the filament. T h e wall 
of the filament is so plastic that it allows a rapid eversion somewhat like 
the fingers of a rubber glove. I t is so plastic that it is not necessary 
to draw out a long thread of the sporoplasm, as postulated earlier 
(Weiser, 1947c). T h e p lanont simply shoots through the filament as a 
small globular body. A high pressure is necessary and this is accom
plished by a swelling of the polaroplast, located in the anterior pole of the 
spore, where the pore is situated. After the extrusion of the first par t 
of the filament the spore contents move to the broader end of the 
spore and from this base it presses the filament and forces the p lanont 
into the open channel of the filament. 

T h e polar filament, when ext ruded under pressure, is a very firm 
structure and is capable of penet ra t ing bo th the per i t rophic membrane 
and the gut epi thel ium (Weiser, 1961). In this we have the explanat ion of 
all the functions of the microsporidian polar filament. Of course, in 
many instances the filament is not ext ruded in its entirety or it is broken 
or torn off. In these circumstances the embryo will emerge from the spore 
through the open pore. These are situations ment ioned earlier as typical 
excystations. It is interesting to note that some organelles, while under 
pressure inside the spore, exhibit structures characterizing different 
states of matter . For example, the clear swelling body or so-called vacuole 
or polaroplast is s tructured like a solid. Also, the polar filament has 
internal fibrillae like some solid myonemes of the Ciliata (Huger, 1960). 
I t is possible that these fibrillae facilitate the extension of the filament 
dur ing eversion and passage of the sporoplasm. In the same sense the 
polaroplast dehydrates to a solid state enabl ing m a x i m u m expansion 
later. 

In general, the structure of other microsporidian spores are the same 
with identical functions. However, a m a n u b r i u m is formed in tubula r 
spores of the family Mrazekidae. I t is a rigid par t of the polar filament 
and extends from the base through the length of the spore. T h e manu
b r ium is represented as a stiff axial thread in the spore, perhaps acting 
as a structure to support the elongate spore and prevent breakage or 
other deformations. T h e Mrazekidae also have a long caudal appendage 
which is located on one pole of the spore. These Microsporidia are para-
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sites o f aquat i c insect s i n loti c water s wher e th e cauda l appendag e aid s 
spores i n flotation,  o n th e on e hand , an d fastenin g t o vegetatio n an d o n 
gills o f aquat i c insect s o n th e other . T h e cauda l appendag e i n Caudo-
spora (Weiser , 1946) , a  qu i t e far-remove d microsporidia n o f blac k flies, 
also ha s th e sam e function . However , thi s spor e i s enclose d i n a  hyalin e 
sheath wit h tw o keel s o n ei the r sid e o f th e spore . A  furthe r anomal y o f 
this spor e i s th e presenc e o f tw o pola r filaments  a t th e sam e pol e (Fig . 10) . 

T w o pola r filaments  hav e bee n describe d i n th e microsporidia n 
Telomyxa glugeiformis  Lege r an d Hess e (1910) , an d afte r furthe r obser 
vations o f Frenc h workers , thes e wer e foun d t o b e o n opposit e end s o f 
an ova l spore . Recen t collection s b y Codrean u (persona l communica 
tion, 1961 ) reveale d th e sam e microsporidia n describe d b y Lege r an d 
Hesse—the first  t im e i t ha s bee n recovere d afte r fifty  years . Afte r com 
plet ing hi s observations , Codrean u conclude d tha t Telomyxa  i s no t a 
microsporidian wit h tw o filaments  i n on e spore , bu t a  pansporoblas t o f 
a Glugea,  wher e tw o spore s ar e locate d i n on e membran e t o for m on e 
larger spor e fro m whic h tw o filaments  ar e discharged . A s i n al l suc h 
cases, whe n th e origina l typ e materia l i s no t availabl e fo r examinat ion , 
it i s difficul t t o compar e effectivel y ne w materia l onl y wit h th e ol d 
description. 1 

I n addit io n t o th e cauda l appendage s o f Mrazekia  o r Caudospora,  w e 
know o f simila r adaptat ion s fo r flotation  i n Trichoduboscqia  epeori 
Leger (1926 ) wher e fou r lon g needle s ar e fixed  i n th e membran e o f th e 
pansporoblast . Thes e needlelik e structure s he l p thi s microsporidia n t o 
increase th e siz e o f th e pansporoblas t an d th e up tak e b y th e filtering 
apparatus o f Rithrogena  semicolorata  Curtis . O the r adaptat ion s fo r 
flotation ar e gelatinou s capsule s o n th e surfac e o f spores . I n 194 6 w e 
demonstrated, i n spore s o f Caudospora  simulii  Weiser , th e presenc e o f 

l I n anothe r pape r (Compt.  rend.  acad.  sei.  253 , 1611-1615 , 1961 ) Codrean u de 
scribed th e spore s o f th e microsporidia n specie s foun d i n Ephemera  danica  Mülle r i n 
Romania . Accordin g t o hi s findings,  th e spor e doe s no t hav e tw o pola r capsule s wit h 
one sporoplasm , bu t th e spor e wal l divides , b y a  partition , th e ova l bod y int o tw o 
compartments i n eac h o f whic h i s a  pola r filamen t an d a  sporoplasm . T h u s , i n a 
sense, th e ova l bod y i s equa l t o tw o complet e spores , he l d togethe r b y th e spor e 
wall, unabl e t o separate . T h e sporoplas m o f eac h spor e i s i n th e middl e o f th e vacuole , 
and th e pola r filamen t i s coile d aroun d it . Codrean u propose s t o chang e th e ol d 
names Monocnide a Lege r an d Hess e an d Dicnide a L£ge r an d Hess e t o Monocytospor a 
and Polycytospora , respectively . T h i s proposa l i s no t ver y feasibl e a t th e moment , 
inasmuch a s change s i n ou r knowledg e o f th e anatom y o f th e specie s ar e no t enoug h 
to justif y change s i n th e name s o f th e suborders . I n an y event , i f a  ne w nam e 
is forme d i t shoul d b e derive d fro m on e o f th e lowe r group s (Nosematoidea , 
Te lomyxoidea) . I n general , i t i s a  matte r o f furthe r research , a s t o whethe r th e 
disporal comple x o f Telomyxa  shoul d b e evaluate d a s a  separat e genu s o r a s a n 
extreme cas e o f developmen t o f th e pansporoblas t o f Glugea. 
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FIG. 10. Caudospora simulii Weiser, spores in a fresh smear. 
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a gelatinous capsule that formed two rafts which increased the volume 
of the spore (Fig. 10). In 1962 Vavra and Lorn (in press) demonstrated 
the presence of gelatinous capsules on the surface of some spores of 
Microsporidia parasitizing Copepoda. Analysis of different Microsporidia 
attacking insects showed that gelatinous capsules are present only in 
Microsporidia infecting water-inhabit ing insects. Very distinct capsules 
are present in Thelohania fibrata (Strickland) as demonstrated in Fig. 
l i d . In some cases, as in Plistophora simulii (Lutz and Splendore), the 
material responsible for causing the spores to adhere together, swells 
u p forming gelatinous covers on the spores. I n Thelohania asterias 
Weiser (1963), a parasite of the fat body of Endochironomus nyn-
choides-group (Fig. 11a, b), the pansporoblasts encysted in the host body 
measure 14-20 μ in diameter. W h e n brought into water, the wall of the 
pansporoblast swells u p giving the protozoan a diameter of 40 μ in cross 
section. Th i s means that the volume of the pansporoblast is increased 
8-fold. T h e difference in volume greatly influences the flotation of the 
spores and the t ransportat ion range of the microsporidian in the river 
or stream. I t is interesting that a second microsporidian in the same 
host has no capsule, and there is a similar case in larvae of Polycentropus 
where Glugea trichopterae Weiser (1946) has no capsule, bu t capsules are 
formed in an unidentified species of Thelohania found recently in this 
same host (Fig. 11c). But in this case we find a special mechanism in
volved; the formation of a gelatinous capsule on the surface of the 
spores is responsible for dispersing the spores from the pansporoblast 
when brought into water. 

Microsporidia are transmitted from host to host as spores. Under 
certain special conditions they have qui te resistant spores. T h e spores 
will remain viable for a mon th or two in water or saline at temperatures 
between 15 and 25 °C. Dry spores, especially when exposed to sunlight, 
are killed in 3 to 5 days. Spores in water at a low temperature of 2 to 
4°C remain viable for more than a year. Clean spores of some species 
(Nosema bombycis Nägeli) can be stored in a refrigerator for more than 
8 years with 0.5 percent still viable after this length of time. T h e diseases 
caused by these stored spore materials of altered vitality are variable in 
their developmental action. Low doses establish, in most cases, chronic 
infections while massive doses promote either acute infections, or sep
ticemias wi thout any development of a microsporidiosis. Bacteria will 
usually enter the wounds made by filaments in the gut wall and instigate 
a septicemia in the host body pr ior to the incubat ion period of the 
microsporidian (Weiser, 1956b, 1957a; Weiser and Lysenko, 1956). 
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FIG. 11. Gelatinous capsules of Microsporidia. a. Thelohania asterias Weiser; 
part of a cyst and free pansporoblasts with gelatinous masses in an India-ink suspen
sion, b. Pansporoblasts of T. asterias; higher magnification, c. Thelohania sp. from 
Polycentropus; pansporoblasts without , spores with, gelatinous capsules, d. Thelohania 
fibrata (Strickland); gelatinous capsules surrounding schizonts, sporoblasts, and spores. 
A teratospore present. All India-ink suspensions. Scale indicated by the line 
= 2 X 5 μ. 
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2. Transmission, Host Specificity, and Selection of Microsporidia 

T h e spores of Microsporidia are t ransmit ted from host to host per-
orally. All Microsporidia are transmitted in this way, and some of them 
have addit ional means as well. One is trans-ovum transmission. In cases 
where the infection may occur in different organs of the body as well 
as in the ovaries, the Microsporidia reside in young eggs where they are 
transported, laid, protected from drying, freezing, or light injury, and 
have already infected hatching first-instar larvae. T h i s method of trans
mission is typical for Nosema bombycis Nägeli, Nosema otiorrhynchi 
Weiser, Nosema stegomyiae Marchoux, Salimbeni, and Simmonds, and 
certain other species. A similar transmission, bu t wi thout par t ic ipat ion 
of the ovaries, is common in infections of the gut wall. Many insects 
use feces for sticking their eggs to the surface of a plant . T h e first larvae 
may become infected by spores derived from contaminated feces so the 
earliest larval stages collected in the field will be infected. A third method 
of transmission is accomplished by the ovipositors of parasitic insects. 
Such examples are common in some Lepidoptera. T h e parasite Apanteles 
glomeratus Linnaeus of Pieris brassicae (Linnaeus) is a vector of the 
microsporidian Nosema mesnili (Paillot) much in the same way as Macro-
centrus ancylivorus Rohwer of Nosema destructor Steinhaus and Hughes 
is in Gnorimoschema operculella (Zeller) (Steinhaus and Hughes, 1949). 

Host specificity of Microsporidia varies in different instances. T h e r e 
are some species which infect a large number of hosts, most of which are 
in the same order and family or live on the same host p lant and in the 
same biotope. In other cases we are able to determine the insect species 
by identifying the microsporidian. Not only this, bu t the date of collec
tion may also be inferred. Caudospora simulii Weiser is a parasite of 
Simulium latipes Meigen dur ing the first par t of the year unt i l May (in 
Europe). In general, we know that na tura l infections of insects with 
Microsporidia are specific for members of the same group. Lepidoptera, 
Diptera, Coleoptera, Ephemeroptera , etc., all have their characteristic 
species of Microsporidia. Only in parasitic insects such as the Hymenop-
tera are they susceptible to the infections of their hosts. (See the pre
viously ment ioned cases of Apanteles or Macrocentrus.) 

T h e selection of a host for the microsporidian depends on their hav
ing a common biotope and common food, and on the transmission of 
the protozoan into the food of the host. In the host, the first barrier 
is the chemical composition of the gut contents influencing the opening 
of the spore. T h e second barr ier is the ability of the host body to pro
mote development of the microsporidian. T h i r d is the phagocytosis of 
the protozoan by blood cells of the host. In many predators, gut condi
tions are not suitable for spores to open and they are still infectious 
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after passage, not only through an insect, bu t also through the gut of a 
vertebrate predator . 

3. Immunity; Defensive Reactions of the Host 

T h e r e is no immuni ty in insects analogous to that of vertebrates and 
no phagocytic action regulated according to the number of invading 
parasites. In microsporidian infections there are only two periods when 
phagocytes engulf the various stages of a microsporidian. T h e first is 
when planonts penetra te the gut epi thel ium and enter the hemolymph; 
the second is when the infection in host tissues is so far developed that 
infected cells disrupt and spores or vegetative stages are released into the 
hemolymph. But nei ther in the first, nor in the second case is the pro
duct ion of phagocytes increased to challenge the invading micro
organisms. In histologic sections of infected insects, we see the same 
type and n u m b e r of hemocytes (mostly plasmatocytes) a round the in
fected lobes of the fat body as in healthy insects. Also, spores encom
passed by hemocytes are not destroyed, bu t grow and matu re in much 
the same manne r as those in the rest of the body. Moreover, the vegeta
tive stages are able to divide and develop sporoblasts and spores. There
fore, it is clearly demonstrated that phagocytosis per se is not capable 
of destroying the pathogen (Weiser, 1956a). 

In some cases, metabolites of the microsporidian infection are irritat
ing to the insect host. I n such instances, certain relations between the 
insect host and the microsporidian are altered. In Nosema baetis Kudo, 
a parasite of ephemerid larvae, some chemicals are produced, inducing a 
hypertrophy of host cells. T h e infected fat-body cells of the host, 
Ecdyonurus venosus Fabricius, grow from 3 to 6 times the size of normal 
cells. T h e nuclei are vacuolate and enlarged to more than 5 times normal 
size. Other cells and tissues (hemocytes, gut, etc.) are not affected. In this 
par t icular example of an "active" microsporidian, phagocytosis is more 
commonly encountered and hemocytes may actually destroy the spores 
in infected tissues. Occasionally a por t ion of an infected lobe of the 
fat body is infiltrated with hemocytes and the spores are compressed 
into an atretic mass where they are destroyed. However, all these active 
defense mechanisms of the host are not able to suspend the disease nor 
effect recovery. Fur thermore , after infection of the host with one infec
tion it is not protected against other infections, including hyperinfec-
tions with Microsporidia. 

4. Epizootiology, Transmission, and Distribution in the Biotope 

Most microsporidian infections of insects have an incubat ion period 
of from 5 to 10 days before the first ma tu re spores are present in infected 
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tissue. But further development ult imately leading to the death of the 
host can be shorter or longer, depending on which organ is infected, 
the infective dose, and the instar of the insect. Acute infections are those 
of the gut and musculature and those of a systemic na ture . Infections 
of the fat body, which are the most common type in insects, spread 
throughout the entire organ before cessation of growth. W h e n infected 
insects pupa te and require the fat body for embryonic organization of 
the adult organs, reserves are not present and the insects die as last-
instar larvae or incomplete pupae . In such cases the insects die after 
more than a m o n t h or sometimes after more than a year (e.g., in grubs). 
In diseased diapausing insects the infection is dormant as well (Weiser, 
1956b, 1957a) and remain as such unt i l further active feeding is begun by 
the host. 

Microsporidia occur in small foci spread in the field. T h e foci are 
characterized by the presence of infected hosts, susceptible hosts, and a 
biotope contaminated with spores. Factors spreading these local infec
tions include outbreaks of a suitable host over a large area covering the 
active foci, and a large number of possible suitable foci. In other cases, 
water or predators are able to transport the pathogen from locality to 
locality. In some cases a new "spreading insect" (e.g., Hyphantria cunea 
(Drury) in Europe; see Weiser and Veber, 1954) can form a connecting 
l ink spreading the disease to all local outbreaks of a suitable host with
in the distr ibution of the "spreading insect." 

Sometimes, special procedures of transmission are developed in differ
ent diseases. In one case, Thelohania hyphantriae Weiser (Fig. 12), it was 
demonstrated (Weiser and Veber, 1955) that infection with this pathogen 
is present in the field in two monovolt ine insects, Malacosoma neustria 
(Linnaeus) and Euproctis chrysorrhoea (Linnaeus). I t has no oppor tuni ty 
to overwinter in the first insect, bu t has a good chance to h ibernate in 
caterpillars of the second. Ants and beetles are impor tan t factors in the 
vertical dis tr ibut ion of spores from foci contaminated with infected 
feces and remains of dead insects. Hyphantria cunea (Drury) is the 
pr imary vector t ransport ing the disease horizontally. 

Another special method of transmission is that of the microsporidian 
in Pieris brassicae. Here , Nosema mesnili is present in most organs, in
cluding the ovary. Following oral ingestion, the organs are invaded by 
the parasitic stages. Infected eggs are laid and larvae of the following 
generation are infected. Parasites such as Apanteles glomeratus are in
volved as well, not only t ransmit t ing the spores mechanically on their 
ovipositor, bu t also transovarially. T h e organs of Apanteles are infected 
in the same manner as those of Pieris, and infected females lay infected 
eggs in healthy caterpillars. Dur ing the development of these larvae, 
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FIG. 12. Thelohania hyphantriae Weiser, free spores in the fat body. 
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the host becomes infected and spores are discarded with the feces. In 
this complicated fashion transport and transmission of the pathogen 
are effected. 

5. Synergism and Stress in Microsporidian Infections 

I n addi t ion to septicemias produced by gut bacteria following massive 
protozoan infections, other diseases may occur in combinat ion with 
microsporidian infections. Recently acquired microsporidian infections 
provoke, in many cases, latent polyhedral infections with a h igh mor
tality (Weiser, 1961). I t is expected that mixed microsporidian infections 
of the gut and fat body will increase the mortal i ty of the infected ani
mals. However, in cases where Thelohania similis Weiser in the fat body, 
and Nosema muscularis Weiser in the gut were observed together in 
Lymantria dispar Linnaeus, there was no increased mortali ty. In fact, 
the mortali ty rate was identical to that in the more virulent of the two 
species, N. muscularis. 

Microsporidian infections are also synergetic with insecticides. T h i s 
was demonstrated by Rosick^ and Weiser (1951) and Rosick^ (1951). 
T h e knockdown effect is considerably shortened in infected animals, 
comparable to the response one would expect with a tenfold increased 
concentration of the insecticide. 

Al though most insect pathogens are dependent upon adequate 
humidi ty and host susceptibility, Microsporidia are able to infect their 
hosts wi thout such stressors. Stressors, when considered as inadequate 
food, abnormal temperature , and humidi ty , etc., influence infected 
insects by shortening the dura t ion of the infection and emphasizing the 
inability of the infected insect to adapt . 

6. Practical Value of Microsporidia in Insect Control 

Microsporidia are very common microorganisms in the reduction of 
insect populat ions. I n most r andom samples of more than 100 animals 
serially sectioned, microsporidia are usually found. However, the loca
tion of dead insects infected with Microsporidia is extremely difficult, 
as these cadavers provide very suitable food for predators. Infected ani
mals disappear shortly after their defensive reactions for repell ing pred
ators are h indered or lost because of disease. T h e r e is a long list of 
impor tan t insect pests and the Microsporidia that destroy them. In some 
instances this na tura l control is effective and no further interventions of 
m a n are necessary. But for effective control of a special insect a p lan of 
action is necessary. For this purpose, two different types of applicat ion 
are suitable: artificial mass distr ibution, and the in t roduct ion of the 
pathogen into populat ions of a susceptible host. 
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Mass dis tr ibut ion is the method simulat ing the applicat ion of in
secticides. Microsporidia are reared in infected laboratory hosts, heavily 
infected animals are collected, t r i turated, and a suspension of spores is 
applied to crops infested with a susceptible host. Such programs are 
practical as shown by Weiser (1957a) and Weiser and Veber (1956) when 
applying Thelohania hyphantriae Weiser, Nosema lymantriae Weiser, 
and N. muscularis Weiser for control of their insect hosts. T h e only 
difficulties encountered are mass rearings of the hosts for prepara t ion of 
the spores for spray application, and the storage of virulent material . 

In t roduct ion of a microsporidian may be accomplished by several 
methods. Whereas the microsporidian applied as a spray is active only 
in the area where it is applied in adequate quanti t ies , the introduced 
microsporidian is brought to a new environment and to a new host. 
Here only in a small focal area the new pathogen is distr ibuted on food 
plants , and it is expected that the infection will spread automatically 
throughout the host popula t ion . Th i s spreading may last for many 
months or years. But they are, in the long run , able to br ing the insect 
under control. T h e most suitable infections for such applications are 
egg-transmit ted infections, well-bound with the host in every period of 
its development. 

Because of what we know about Microsporidia and their role in in
sect ecology, we may conclude that these are valuable factors in insect 
control. Wide-scale practical applications in the form of mass sprays 
or introduct ions are now in the experimental stage. T h e results will be 
known in a few years if suitable organisms and methods are used in the 
experimentat ion. 

T h e r e are more than 200 species of Microsporidia known in insects, 
and it is not possible in this brief review to provide details on any given 
species. T h e reader is referred to the recent monographic publ icat ion 
of the au thor (Weiser, 1961) for further details. 

F. Helicosporidia in Insects 

Helicosporidium parasiticum Keilin is the only known representative 
of this interesting group of insect pathogens. It is a parasite that lives in 
the body cavity of Diptera, Dasyhelea obscura Winner tz and Mycetobia 
pallipes Meigen (Keilin, 1921). T h i s neosporidian has a peculiar 
sporogony in which the sporoblast divides into four cells included in a 
spherical spore. T h r e e cells further develop into sporozoites, the fourth 
being transformed into a long filament with pointed ends. A nucleus is 
also present in this filament. T h e function of this filament, as far as is 
known from available descriptions, is to open (in the manne r of an un
coiling spring) the spore in order that the other three sporozoites can 
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emerge. T h e filament is analogous with the polaroplast in the Microspo
ridia. After contact with water the chemical consti tution of the filament 
alters and hardens in the extended form. More information is needed to 
determine the practical value of this organism as a control agent and 
to know about its infectivity for other Diptera. 
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