
— 9 — 

Immunity in Insects 

JUNE M. STEPHENS 

Entomology Research Institute for Biological Control, Research Branch, 
Canada Department of Agriculture, Belleville, Ontario, Canada 

I. Introduction 273 
II. Innate or Natural Immunity 274 

III. Cellular Immunity 278 
IV. Humoral Immunity 281 

A. Antibody Formation in Insects 281 
B. Types of Antibody Formation 283 

V. Acquired Immunity 287 
A. Actively Acquired 287 
B. Passively Acquiied 292 

VI. Trends in Research 293 
References 295 

I. INTRODUCTION 

Immunity in insects is often considered to embrace all aspects of 
resistance against external and internal environment as well as humoral 
and tissue immunity. Moreover, the mechanism of immunity cannot 
be clearly divided from that of pathogenicity. This chapter is con
cerned only with resistance to microorganisms, and other types of im
munity will be mentioned briefly only when relevant to such resistance. 

Since Metchnikoff (1905) included some observations on immunity 
in insects in his classical study on immunity to infective diseases, the 
principles of insect immunity have been studied only sporadically. 
Consequently, far less information has been obtained on this subject 
than on the related problems of mammalian immunity. The lack of 
data on insect immunity is partly because of inherent difficulties in 
practical procedures, in contrast with the ease with which mammals 
lend themselves to immunological investigations, and partly because of 
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the conflicting results obtained by different workers. Most results could 
not be duplicated, techniques were not fully described, and rarely was 
any attempt made to determine accurately the dosage of either the im
munizing agent or the challenging microorganism. Also, experiments 
were made on such small numbers of insects that the statistical signifi
cance of the results could not be determined. Without consistent ex
perimental results it is not surprising that the mechanism of immunity 
in insects remains unclear. 

Steinhaus stressed the need for more investigations on insect im
munity on a number of occasions. He adequately reported the informa
tion to date in his textbook of insect pathology (1949), and in 1958 
(Steinhaus, 1958a) referred to the fundamental principles that govern 
immunity and resistance in insects as one of the five important segments 
of insect pathology that needed further fundamental research. On the 
basis of work in his own laboratory, Steinhaus (1957) suggested that 
"much of what has previously been believed concerning immunity in 
insects is in error, or must be radically revised. Moreover, it begins to 
appear that the principles of humoral immunity in insects, and perhaps 
other invertebrates, are considerably different from those operating in 
higher animals." The present state of information on insect immunity 
indicates that this is true. 

The early workers in insect immunity, the most prolific of whom 
were the French investigators, Chorine, Metalnikov, Paillot, Toumanoff, 
and Zernoff in the first three decades of this century, supported either 
the cellular or the humoral theory of immunity. In later years some 
attempts were made to reconcile the two theories. Recently some in
vestigators are realizing that insect immunity requires an approach dif
ferent from that to mammalian immunity and that an entirely new 
concept must be established to elucidate the mechanism. Various as
pects of the subject will be discussed below from the viewpoint of 
comparative immunology to clarify its present status. This chapter is 
an attempt not only to review the existing information on insect im
munity, but also to evaluate it in terms of the direction of present and 
future investigations. 

II. INNATE OR NATURAL IMMUNITY 

Mammals show innate immunity or resistance to infection quite 
apart from the specific immunity that is associated with the production 
of antibodies. This innate immunity may operate at the level of genus, 
species, race, or individual and presumably depends ultimately on bio
chemical characteristics of the tissues that are in turn determined ge
netically. The insusceptibility of mammals other than man to infection 
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with Mycobacterium leprae (Hansen) Lehmann and Neumann is an 
example of species immunity; frequently different strains of any one 
species of laboratory animal show different susceptibilities to the same 
bacterial pathogens. That a similar innate immunity operates in insects 
is evident from their obvious immunity to most microorganisms patho
genic to higher animals (Metalnikov, 1927; Cameron, 1934). Moreover, 
the host range of insect pathogens appears to be more restricted than 
that of many animal pathogens. Most insect viruses have a limited host 
range. 

In any mammalian species that is normally susceptible to a given 
pathogenic microorganism there exist nonspecific factors which tend to 
protect the animal against establishment of an infection; these factors 
may be mechanical, physical, or chemical. Normal insects also obviously 
possess many nonspecific means of defense against infection, though 
these vary from one species to another and in the one individual at 
different times. The relative impenetrability of the integument, the 
condition of the intestinal epithelium, and the acidity or alkalinity of 
various parts of the digestive system are no doubt effective against many 
microorganisms whether they are pathogens or potential pathogens. 
Krieg (1961) stated that the natural immunity (resistance) of insects 
to Bacillus thuringiensis Berliner and other microorganisms was guaran
teed through a "passive germ defense." This protection was shared by 
the integument and intestinal wall, but if it were experimentally broken 
all insects at all stages could become infected. Bucher (1960) discussed 
the characteristics of potential bacterial pathogens; he stated that the 
resistance of any given individual to a potential pathogen depended on 
its ability to suppress the multiplication of a small number of initial 
invaders, but whether this was done by humoral or cellular means or a 
combination of both is unknown. 

Other characteristics of the host such as age or the state of nutrition 
may play an important role in determining its resistance to infection. 
The age of an insect is usually closely linked with its development, and 
generally resistance to infection increases with the stage of development 
and with age. Most bacterial and viral diseases become established more 
readily in larvae than in adults, though this is not always the case. 
Terzian et al. (1956) showed that the older the mosquito Aedes aegypti 
(Linnaeus) grew, the more resistant it became to the malarial parasite 

Plasmodium gallinaceum Brumpt. Blood meals derived from humans 
previous to the infective food reestablished the susceptibility, but when 
two major blood components, plasma and hemoglobin, were fed to aging 
mosquitoes either separately or recombined, a greater degree of resistance 
than that which developed naturally with old age was produced. Certain 
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alkalis, bases, and salts administered in appropriate concentrations also 
markedly influenced the resistance of A. aegypti to the malarial parasite 
(Terzian and Stahler, 1960). 

External factors, such as temperature or humidity, may influence the 
establishment of infection, though care must be taken to distinguish 
their respective effects on pathogen and host. Steinhaus (1958b) pointed 
out that crowding may reduce the resistance of certain larvae to occult 
pathogens and to microorganisms normally present in the environment, 
which are then able to invade the body cavity of the insect and cause 
disease. The effects of various external factors and nutrition are dealt 
with at length in other chapters of this book. 

The resistance of honey bees to American foulbrood (Bacillus larvae 
White) is of economic importance, and consequently many investiga
tions have been directed toward understanding its possible genetic basis. 
After a series of trials, Park et al. (1937) showed that resistance to Amer
ican foulbrood existed in honey bees and concluded that the factor for 
resistance could be transmitted to offspring. Rothenbuhler and Thomp
son (1956) found significant differences in survival of larvae of three 
genetically distinct lines of honey bees following inoculation of food 
with B. larvae spores. They interpreted the difference to be due to 
different levels of innate resistance in the three lines. Thompson and 
Rothenbuhler (1957) concluded that the difference between adults of 
two lines of bees was "in the ability of the adults to protect the larvae 
of the colony from succumbing to American foulbrood; . . . larvae 
nursed by resistant-line adults showed a lower incidence of disease and 
greater survival than larvae nursed by susceptible-line adults." Lewis 
and Rothenbuhler (1961) stated that larvae fathered by a susceptible 
drone did not survive spore treatment as well as did larvae fathered by 
a resistant drone. This was interpreted to mean that there are genet
ically determined differences in resistance to American foulbrood. As 
the age of the larvae determined the resistance, the authors pointed out 
that it would be important to study the relationship between age at 
time of inoculation with spores and mortality in both a resistant and 
a susceptible line. The results of such investigations are extremely in
teresting, but it is well to remember that there are various interpreta
tions of the true nature of the resistance or immunity involved in 
producing resistant strains. 

Properdin, a recently described serum protein, is thought to play 
an important role in nonspecific immunity in mammals. Briggs (1958) 
showed that nonspecific immunity in lepidopterous larvae could be at
tributed to an antibacterial principle and suggested that it might not 
be illogical to assume that such a nonspecific factor as properdin may 
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exist at all levels of the animal kingdom. Proof of this has yet to be 
established. The most recent search for antibacterial (including anti
body) activity in normal insects is that of Cappellato and Narpozzi 
(1960), who examined the blood of silkworm larvae, Bombyx mori 
(Linnaeus), for various factors including complement, properdin, nat
ural agglutinins, C-reactive proteins, lysozyme, and bactericidal sub
stances. They tested the activity of the blood against a number of 
bacterial species which are susceptible to properdin in mammalian 
blood, e.g., Micrococcus lysodeikticus Fleming, Sarcina flava de Bary, 
Salmonella typhi O901 and H901 [ = Salmonella typhosa (Zopf) White], 
Salmonella paratyphi A and Β (Kayser) Castellani and Chalmers, Bru
cella melitensis (Hughes) Meyer and Shaw, Brucella abortus (Schmidt 
and Weis) Meyer and Shaw, and Escherichia coli (Migula) Castellani 
and Chalmers. The first two species were inhibited by hemolymph at 
a titer of 1:250. Some lysozyme activity and C-reactive protein were 
found, but there was no evidence of natural agglutinins, complement, 
or properdin. The demonstration of properdin in insects would sim
plify the explanation of much of their natural and nonspecific immu
nity. It is unlikely, however, that properdin of mammalian type would 
be important, as the substance acts only in the presence of complement 
which has not been demonstrated in insects. The possibility of the ex
istence of a similar substance in insects, but acting under different con
ditions, should not be excluded. 

Apart from the role of properdin in mammalian immunity, normal 
antibodies are considered to contribute to innate immunity in mammals. 
It is possible that some such normal antibodies may be inherited. Others 
may arise from infection by small doses of pathogenic microorganisms 
which do not cause manifest disease. It has been postulated that certain 
chemical substances which the animal encounters (e.g., in its diet), and 
which resemble chemically important components of bacterial antigens, 
may combine with proteins in vivo and provide stimulus for production 
of protective antibodies. These last two mechanisms (and possibly the 
inheritance of antibody) might logically be placed under the heading 
of acquired immunity. Whether similar mechanisms function in insects 
is unknown. 

Specific normal antibodies have not been demonstrated in insects. 
The natural antibodies reported in other classes of invertebrates were 
tabulated by Huff (1940), but only one abortive attempt had been 
made to that date to demonstrate them in insects. The results of Cap
pellato and Narpozzi mentioned previously failed to demonstrate nat
ural antibodies in insects. There have been virtually no other reports 
of attempts to demonstrate such antibodies, and it may be that they 
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do not occur—but perhaps an opinion should be reserved until more 
extensive search has been made. 

I I I . CELLULAR IMMUNITY 

Several workers described cellular activity in insects that leads to 
their resistance to many microorganisms. Metchnikoff, in the late nine
teenth century, was the first to expound the theory of cellular immunity. 
He noted cellular activity after the introduction of foreign material 
into the body cavity of Daphnia sp., a water-flea. This transparent ani
mal made an excellent subject for a microscopic study, and Metchnikoff 
observed within it amoeboid cells that could ingest small numbers of 
certain fungi. Larger numbers of fungi injured the cells and the water-
flea itself was sometimes killed. He gave the name phagocytes to cells 
that could engulf foreign material, and the cells in turn were designated 
macrophages (wandering cells) and microphages (fixed cells). The 
process was called phagocytosis. 

Many early workers in insect immunity asserted that phagocytosis 
was the chief means of defense against bacterial diseases and that spe
cific antibodies were relatively unimportant. It is well established in 
mammalian immunology that the activity of antibodies and phagocytic 
cells are complementary in conferring resistance against infective agents. 
Eventually workers in insect immunity attempted to reconcile the cel
lular with the humoral theory. Paillot (1933) stated that natural im
munity was of a dual nature depending on both humoral and cellular 
factors, but Metalnikov (1932) asserted that phagocytosis was the chief 
means of defense against bacterial diseases. He concluded (Metalnikov, 
1933) that the immune reaction had five principal manifestations, 
namely: (1) destruction of bacteria by intracellular digestion; (2) for
mation of plasmodia and giant cells; (3) formation of capsules; (4) 
elimination of bacteria through the formation of abscesses; and (5) 
formation of antibodies. The formation of antibodies was judged the 
least important of these. Phagocytosis is illustrated in Fig. 1. 

The circulatory system of insects is greatly different from that of 
higher animals and was described in detail for a number of species by 
many authors. Basically it differs from that of higher animals in that 
it is not made up of a closed system of veins and arteries but consists 
of a hemocoel containing the circulating blood which bathes all the 
tissues and organs directly. Through the contractions of the heart (or 
dorsal vessel), the blood is kept in motion in the body cavity of the 
insect. Insects do not possess erythrocytes and the blood plays only a 
small part in respiration. The blood consists of plasma (hemolymph) 
and blood cells (hemocytes). Rapp (1947) gave a good general review 
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on the hemolymph of insects. Those working on serology of insect blood 
should be aware that the blood of some species will clot whereas that of 
others will not. The numerous classifications of hemocytes proposed by 
many authors have led to much confusion and contradiction. Much of 
the confusion has arisen because of the great variation in types of cells 
found in different species. It has proved almost impossible to devise 
a rigid system of classification. One of the more widely accepted classi
fications is that of Paillot (1933), but some workers consider it too sim
plified; and indeed it may be for many species, but it gives a general 
idea of commonly occurring types of cells. Paillot described 4 types of 
phagocytic cells: micronucleocytes, macronucleocytes, micronucleocytes 
with spherules, and oenocytoids. Yeager (1945) grouped the blood cells 
of the southern armyworm, Prodenia eridania (Cramer), into 10 classes 
that could be divided into 32 types. (See also Jones, 1959.) It seems 
probable that insect blood cells will never be classified as simply and 
consistently as mammalian cells, though certainly a more simple system 
of classification with general application to all insects is necessary in 
order to evaluate the true importance of phagocytic cells. 

Despite the early evidence supporting phagocytosis and our present-
day incomplete answers to the mechanism of insect immunity, the cur
rent trend of research shows that phagocytosis is not now considered to be 
the sole manifestation of insect immunity. Insects and microorganisms, 
respectively, vary greatly in their capacity for phagocytosis, and to be 
phagocytosed. Glaser (1918) stated that though textbooks emphasized 
the importance of phagocytosis in ridding the insect body of foreign 
matter, in reality the blood cells were visibly rather passive. Metalnikov 
and Chorine working with Ostrinia nubilalis (Hübner), the European 
corn borer, in 1929 found that some bacteria, for example Mycobac
terium tuberculosis (Zopf) Lehmann and Neumann and certain staphy
lococci, were phagocytosed readily whereas no phagocytosis was provoked 
by other pathogens, mainly bacilli and coccobacilli. Shigella dysenteriae 
(Shiga) Castellani and Chalmers was not phagocytosed but was de

stroyed by some other principle (Cameron, 1934). Stephens (1962a) 
showed that the normal blood of larvae of the greater wax moth, Gal-
leria mellonella (Linnaeus), is bactericidally active for S. dysenteriae 
and that the insect is immune to it, an observation again suggesting a 
different immune principle to account for the normal immunity. 

Eckstein (1931) stated that the simplest immune reaction in insects 
was the assimilation into the center of the lymphocytes of foreign mate
rial without regard to whether the material was living or inert; if the 
material was bacterial it usually decomposed, darkened, and became 
noninfectious. 
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A great deal of early work on insect immunity was conducted using 
foreign substances, such as India ink or carmine. When these were 
introduced into the insect's blood, they were usually rapidly phagocy-
tosed by leucocytes and lymphocytes, by the phagocytic cells of the fat 
body, or by the pericardial cells. The pericardial cells are not migratory 
cells and usually remain fixed near the region of the heart. They are 
regarded generally as true excretory cells, but it has been shown that 
they can take up many neutral dyes and on occasion they will take up 
bacteria. Cameron (1934) discussed at some length the phagocytic 
capabilities of various types of cells. 

It is well known that an immune reaction is sometimes manifested 
by an agglomeration of host cells about foreign material. This type of 
reaction has been observed on a number of occasions regardless of 
whether the foreign material was bacterial, fungal, or an insect parasite. 
Particles of foreign material too large for ingestion are surrounded by 
leucocytes and lymphocytes which start to encapsulate and form a 
nodule within 24 hours. On occasion a brownish-black pigment develops 
in the capsule, presumably owing to the deposition of melanin. Such 
a reaction was recognized by Metalnikov and Chorine (1930), who 
stated that the formation of giant cells was one of the cellular reactions 
of defense against foreign material and that if the host were not capable 
of completely destroying the bacteria it formed a capsule of giant cells 
in the interior of which the bacteria were digested and changed into 
brownish-black pigment. 

The volume of available information on encapsulation concerns the 
encapsulation of insect parasites and is not within the province of this 
chapter. It is possible that the same mechanism may apply to bacteria 
and insect parasites. Unless the number of bacteria is overwhelming 
they are readily phagocytosed because of their small size, and giant cell 
formation is not often necessary. 

IV. HUMORAL IMMUNITY 

A. Antibody Formation in Insects 

Early workers in insect immunity were convinced that cellular im
munity was far more important than humoral immunity in insects. 
Then there was a gradual trend to reconcile the two theories until 
today most investigators state, sometimes in advance of the available 
evidence, that humoral immunity is the more important. 

Bisset (1947) claimed that when phagocytosis was observed it was 
considered to be the main, if not the sole, defensive mechanism and no 
attempt was made to discover whether humoral antibodies existed. 
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Moreover, he stated that whenever antibodies were sought they were 
usually found. It is doubtful that the results of such searches were 
always significant; the methods of many early workers leave open to 
question the authenticity of the reported antibodies. 

The term "humoral" is seldom seen in contemporary publications 
on mammalian immunity as the existence of humoral factors is auto
matically accepted. In insect immunity studies, the term is applied to 
any immune response due to factors in the hemolymph quite apart from 
the cells. "Humoral" usually implies the production of antibodies in 
the mammalian sense, but Huff (1940) pointed out that it may be 
inadvisable to use the same terminology for insects as for mammalian 
immunology; current evidence makes it very doubtful that conventional 
antibodies actually exist in insects. Whether or not specific antibodies 
are found to be important, it would be justifiable to assume that, in 
insect immunity, cellular and humoral factors are complementary and 
that one or the other of these factors may be the more important in any 
given situation. The humoral reactions, however, may be qualitatively 
different from the antibody responses characteristic of mammals. 

Metalnikov (1920) concluded that bacteria fall into three groups 
insofar as insect immunity was concerned: bacteria to which complete 
immunity was shown, and including most of the human pathogens; 
bacteria to which partial immunity was shown, e.g., Staphylococcus spe
cies; and bacteria to which no immunity was shown, e.g., Pseudomonas 
species. He attributed the chief means of defense to phagocytosis and 
later stated (Metalnikov, 1933) that active immunization strengthened 
cellular activity. Paillot (1920) suggested the hypothesis that antibodies 
were produced by phagocytic cells after absorption of antigen, but later 
(Paillot, 1933) concluded that natural immunity was probably of a 
dual nature and depended on both humoral and cellular factors. Tou-
manoff (1949) stated that natural immunity depended mainly upon the 
phagocytic activity of hemocytes and on encapsulation and nodule for
mation whereas acquired immunity probably depended to a larger ex
tent on humoral factors. 

The early emphasis placed on phagocytosis and the failure to dem
onstrate antibodies were together responsible for the idea that insects 
were not capable of forming antibodies. Then came the results of Glaser 
(1918), Zernoff (1931a), and others, in which claims for antibody pro

duction were made, and most investigators thought that antibodies could 
be definitely demonstrated. However, it was impossible to duplicate 
some of the early demonstrations of antibodies. Because of this and of 
the trends of recent research it seems that the theories of the past need 
reconciliation with recent research. For instance, we might begin by 
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assuming that phagocytosis is not the sole and most important aspect 
of insect immunity. Another suggestion is that, when searching for a 
humoral reaction, the researcher will do better not to attempt to relate 
his findings rigidly to mammalian concepts. 

B. Types of Antibody Formation 

An antibody is generally considered to be a modified blood glob
ulin formed in response to an antigenic stimulus; it is capable of com
bining specifically with the corresponding antigen. As there is no proof 
that insects possess globulin similar to the gamma globulin of mammals, 
it is inadvisable to assume that they can produce antibodies. When a 
number of isolated facts on the immune state in insects become avail
able, they may be linked eventually and some idea of the mechanisms 
involved should emerge. The antigen of Pseudomonas aeruginosa 
(Schroeter) Migula was detectable in the blood of wax-moth larvae dur
ing the resistant period of the insect (Stephens, 1959). This imme
diately precludes the concept of antibody formation in insects, for 
detectable antibodies generally do not appear until the antigen has 
disappeared from the blood. The reasons for the continued presence of 
antigen in the wax moth will probably be found in the fundamental 
differences between insect and mammalian anatomy, for example, dif
ferences in the blood systems. Such factors may be a bar to true anti
body formation. 

Krieg (1958) described both cellular and humoral responses of in
sects but stated that no genuine antibodies could be demonstrated. 
T h e study of mammalian immunology has been greatly facilitated by the 
observation of a number of in vitro reactions which reveal the presence 
of antibodies in fluids (usually sera) under test. These reactions that 
are easily demonstrable depend upon the specific combination of antigen 
and antibody under appropriate conditions. They include agglutina
tion, precipitation, complement fixation, bacteriolysis, toxin-antitoxin 
reactions, and phagocytosis. The antibodies involved in these reactions 
are termed, respectively, agglutinins, precipitins, complement-fixing anti
bodies, bacteriolysins, antitoxins, and opsonins. It was at first thought 
that each of these different types of reaction was brought about by a 
different antibody, but it is now realized that one and the same antibody 
can, after combination with its homologous antigen, give rise to several, 
if not all, of these reactions. The particular manifestation of the antigen-
antibody reaction depends on the physical state of the antigen and the 
experimental conditions. There are thus a number of convenient ways 
of studying the antigen-antibody reaction. 

When investigating immunity in insects it would be reasonable to 
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inquire: (1) whether these various manifestations of the antigen-
antibody reaction which are characteristic of mammalian immunology 
can be demonstrated; and (2) whether any relation exists between the 
formation of antibodies producing these reactions and the resistance to 
infection. Each type of reaction will be considered in turn. 

1. Agglutination 

This term describes the phenomenon that occurs when a cellular 
or particulate antigen such as a saline suspension of bacteria is mixed 
with the homologous antiserum, under suitable conditions of tempera
ture, salinity, and pH. The clumping of cells in flocculent or granular 
masses, and subsequent settling to the bottom of the mixture, indicates 
agglutinating antibody. 

Most reports deny the existence of agglutinins in insect blood; an 
exception is a report of Glaser (1918), who claimed to have demon
strated them in blood of the grasshopper, Melanoplus femurrubrum 
DeGeer), immunized against Bacillus poncei Glaser. From present knowl
edge one can only assume that this agglutination may have been due to 
an artifact produced by the presence of blood cells in grasshopper hemo
lymph; there is no reference to the removal of cells from the grasshopper 
blood. Glaser stated that after 6 days the clumped bacterial cells were 
dead, but this could have been due to a bactericidal principle in the 
blood which he also mentioned in the same publication. Other workers 
could not reproduce this phenomenon of agglutination in grasshopper 
hemolymph with other species of bacteria, and the true identification of 
B. poncei is unknown. 

Gary et al. (1949) obtained agglutination reactions against Bacillus 
larvae in the hemolymph of bees from colonies infected with American 
foulbrood. While they suggested that the increase in resistance from 
young larvae to adults may be explained on the basis of the presence of 
agglutinins as specific immune bodies, they stated that their results were 
inconclusive proof. 

Despite these reports, agglutinins appear to play no significant role 
in insect immunity. It is true that most techniques of early workers 
were not sufficiently sensitive. However, Briggs (1958) and Stephens 
(1959) reported no success with recognized tests conducted with rea

sonable precision and care. 

2. Precipitation 

A precipitation test can be conducted using a soluble antigen that 
is usually a protein or polysaccharide substance extracted from cells. 
T h e soluble antigen reacts with its homologous antibody, again under 
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appropriate conditions, to form a precipitate; the antibody is called a 
precipitin. Precipitin tests are extremely sensitive. The few reports of 
searches for precipitins in insects have been negative. Briggs (1958) 
using the interfacial test for precipitins could not demonstrate conclu
sively that precipitins were formed in any of several species of lepidop-
terous larvae. Stephens (1959) using ring tests and Oudin's agar column 
test was unable to demonstrate precipitins in the blood of G. mellonella. 
As these modern and sensitive tests culminated in negative results, it 
seems unlikely that precipitins are present in insect blood. 

3. Toxin-Antitoxin Reaction 
Toxins are neutralized by homologous antibodies called antitoxins. 

Neutralization of toxicity may be determined by the inoculation of ex
perimental animals; e.g., varying quantities of toxins are mixed with a 
constant amount of antitoxin and, after a short mixture and incubation 
to allow for chemical combination, injected into the animals. The po
tency of an antitoxin is determined by the amount of toxin which it 
neutralizes. The toxin-antitoxin reaction may also be studied by a 
precipitation method, the formation of a precipitate depending upon 
the relative proportion of toxin and antitoxin in the reaction mixture. 
Chorine (1929) found that larvae of G. mellonella could be immunized 
against diphtheria toxin, and that the immunity was due to the pro
duction of a substance neutralizing the toxin and similar to the anti
toxin of higher animals. Metalnikov (1923), however, reported that he 
had never produced antitoxic immunity. An antitoxin reaction in lepi-
dopterous larvae to lethal doses of diphtheria toxin was not obtained 
even when a toxoid was used as the immunizing agent (Briggs, 1958). 

4. Phagocytosis 
Phagocytosis of bacteria is enhanced by homologous antibacterial 

antibody. The antibody involved is known as an opsonin. Its activity 
may be measured by an opsonic index, which is the ratio obtained by 
dividing the number of bacteria ingested in the presence of antiserum 
by the number ingested in the presence of normal serum. This measures 
the antibody involved in phagocytosis. Opsonins are unreported from 
insects, but it is reasonable to assume that some type of antibacterial 
antibody may be involved in phagocytosis, and in view of the importance 
of this process in insect immunity the protective role of such an anti
body could be appreciable. 

5. Lysis and Complement Fixation 
Complement is a normal component of mammalian serum, and the 

reaction of certain cellular antigens and their antibodies is followed by 
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dissolution of the antigen in the presence of complement. The phenom
enon is called lysis or cytolysis, and bacteriolysis or hemolysis are specific 
terms applied to the dissolution of bacteria and red blood cells, respec
tively. Complement in its entirety has not been demonstrated in insects. 
Morgun (1950) stated that the hemolymph of invertebrates and the 
third component of the complement of vertebrates are comparable in 
their action in the hemolysis reaction. 

Of all the antibodies reported to occur in insects, bacteriolysins are 
most widely reported, probably because they are most easily demon
strated. Bacteriolysins in mammals can be separated into heat-labile and 
heat-stable fractions whereas those of insects are relatively heat stable 
and contain only one substance (Metalnikov, 1923). Some workers, 
notably Zernoff (1931a), reported that these bacteriolysins are relatively 
nonspecific; occasionally they are reported to occur naturally, but more 
often they are produced in response to external stimuli. 

Although bactericidal substances kill bacteria by preventing their 
growth, they do not lyse them. There are a number of reports of bac
tericidal substances occurring in insects, and these may be similar to 
the bacteriolysins reported by some workers; the differences in terminol
ogy may often arise from the fact that the exact nature of the killing 
is unknown. Glaser (1918) recorded bactericidal activity in grasshoppers 
that survived large doses of B. poncei; this was determined by reduction 
of numbers of colonies on plates with immune hemolymph as compared 
with those with normal hemolymph. The limitations of such methods 
were mentioned by Stephens (1962a). Frings et al. (1948) described 
an extremely heat-stable antibacterial principle in the blood of the large 
milkweed bug, Oncopeltus fasciatus (Dallas), active against Staphylo
coccus aureus [= Micrococcus pyogenes var. aureus (Rosenbach) Zopf] 
and one strain of Bacillus sub tilts Cohn, but inactive against a number 
of other bacterial species including P. aeruginosa and E. coli. The heat 
stability of this material suggests that it is not analogous to mammalian 
antibodies. 

Briggs (1958) reported that a heat-stable antibacterial principle in
creased in lepidopterous larvae after vaccination, and Stephens (1962a) 
described a measurable bactericidal activity in immunized wax-moth 
larvae. These will be discussed in detail in Section V. 

Hemolysins have not been reported in insects. Metalnikov (1923) 
reported that neither hemolysins nor hemagglutinins were formed in 
response to red cells. Whether other unrecorded searches have been 
made for hemolysins is unknown. 
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V . ACQUIRED IMMUNITY 

Information on insect immunity is scanty when compared to that 
on mammalian immunity; the greater part of that available, however, 
is concerned with how insects acquire immunity. Little is known about 
naturally acquired immunity in insects though many workers attempted 
to establish actively acquired immunity artificially. Much of this work 
has been done on the wax moth, G. mellonella. This is perhaps unfor
tunate as, with the great variations that occur from one insect species to 
another, it is impossible to know whether reactions obtained with the 
wax moth are typical for insects in general. 

Moreover, most of the results are based on reports from investigations 
on a few bacterial species, and these too can be misleading. Not all 
species of insects can be immunized against all species of bacteria. 
Stephens (1959) reported that wax-moth larvae could be immunized 
more easily against P. aeruginosa than against Serratia marcescens Bizio. 
The reasons for such differences need investigation. Moreover, there 
are almost no reports on how, or if, insects acquire immunity to fungi 
or viruses. 

Ossowski (1957) pointed out that resistance or even immunity might 
develop to a polyhedral virus disease occurring naturally in the wattle 
bagworm, Kotochalia junodi Heylaerts, which from the control view
point could be dangerous. Obviously natural immunity to a number 
of viruses occurs in insects, but the underlying mechanism that undoubt
edly is due to many nonspecific factors is not clear. 

In mammals, many infections leave in their wake an effective and 
lasting immunity. Consequently many studies of actively acquired im
munity were made on natural infections. Similar studies were not made 
in insects as it is very difficult to know when and how insects become 
infected. The discussion of acquired immunity herein will deal almost 
exclusively with artificially acquired immunity with reference to both 
active and passive immunity. Artificially acquired immunity in the 
laboratory has aided in a study of the fundamental mechanism of im
munity in insects, and this study must be continued with greater in
tensity if a comprehensive understanding of the mechanism is to be 
reached. 

A. Actively Acquired 
In mammals deliberate immunizing procedures are in general less 

effective than infection in producing acquired resistance. The methods 
of artificial immunization of insects are comparable to those used in 
mammals and include the injection of: (1) the soluble toxins of micro
organisms treated so as to destroy the toxic activity while their immu-
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nizing power is retained (toxoids) ; (2) microorganisms killed by phys
ical or chemical means (killed vaccines); (3) substances isolated from 
infectious agents; and (4) living attenuated microorganisms. 

The literature contains reference to some tests of these materials on 
insects, and these will be discussed briefly. In addition to testing the 
vaccine, factors such as regulation of dosage schedule, effects of concen
tration of vaccine, the time required to develop immunity, and duration 
and specificity of immunity were studied. 

Chorine (1929) reported the successful use of toxoid to immunize 
G. mellonella larvae against diphtheria. He stated that some neutral
izing substance occurred in the blood almost at the time of inoculation 
but that immunity was not evident until 3 to 4 days later. Much more 
information must be available before the immunizing power of toxoids 
for insects can be assessed. 

Killed vaccines are used most widely as immunizing agents for insects. 
Successful attempts to immunize with such killed agents were reported 
on a number of occasions, e.g., by Paillot (1920), Ishimori (1924), 
Glaser (1925), Toumanoff (1927). The criterion of success in attempts 
at immunization of insects with bacterial vaccines must be an increased 
resistance to challenge by virulent organisms. It does not follow that 
such increased resistance is accompanied by the appearance of antibodies 
in the hemolymph, and therefore the failure to demonstrate such anti
bodies must not be interpreted as inability of the vaccine to confer 
resistance on the insect. Bernheimer et al. (1952) injected caterpillars 
with coliphage, streptolysin Ο, E. coli, human erythrocytes, and egg al
bumen. They claimed that caterpillars investigated did not respond to 
the antigens used on the grounds that antibodies similar to those found 
in mammals were not formed. They did not report whether or not the 
insects were protected. However, Briggs (1958) demonstrated an in
creased tolerance in B. mori to P. aeruginosa and M. pyogenes var. 
aureus after vaccination with heat-attenuated vaccines. Also, Stephens 
(1959) studied acquired immunity of wax-moth larvae to P. aeruginosa 
and demonstrated that larvae could withstand large challenge doses of 
the bacterium after vaccination; immunity developed to a maximum in 
less than 16 hours and lasted 3 days only. This is a striking fact about 
acquired immunity in insects. The speed of development and short 
duration are undoubtedly quite general, for the inference that this oc
curred can be drawn from most of the early reports on insect immunity. 
Some early workers disagreed on the duration of the immunity. A few, 
such as Ishimori and Metalnikov (1924), stated that immunity per
sisted during the life of the insect. Some workers even suggested that it 
was transmitted to the next generation: Chigasaki (1925) stated that 
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immunity acquired by the larva was transmitted to the pupa and moth. 
In the light of present knowledge this seems unlikely. 

The specificity of acquired immunity in insects still remains an open 
question. Chorine (1929) stated that immunity in G. mellonella, al
though far from specific, was more specific in the first 12 days and then 
became relatively nonspecific; this suggests fairly lasting immunity. Zer-
noff (1931b) reported that bacteriolysins in wax-moth larvae were non
specific in action. Briggs (1958) described an acquired increase in tol
erance to pathogens after vaccination as "relatively nonspecific" and 
Stephens (1962a) referred to a more or less specific activity. Clearly 
the question of specificity remains to be settled, and an explanation of 
the development of cross-protection may have significance in explaining 
the mechanism of immunity in insects. 

Acquired immunity in insects differs in many ways from that ac
quired in mammals. The volume or concentration of the immunizing 
dose has little effect on the degree of immunity conferred (Zernoff, 1934; 
Stephens, 1959) ; "booster" doses similarly have little effect—in fact 
some workers reported that a second injection permanently lowered the 
insect's resistance to the pathogen. If the small body surface of an 
insect and the wounding effect of repeated injections are considered, 
then it may not be illogical to assume that lowered resistance was due 
to repeated wounding rather than to the actual effect of the vaccine 
used in the second dose. 

The mechanisms by which insects acquire immunity to various bac
teria are not clear. Early workers such as Metalnikov (1927) believed 
that the nervous system was involved. He stated that when the third 
thoracic ganglion of wax-moth larvae was destroyed the insects could no 
longer be immunized against Vibrio comma (Schroeter) Winslow et al. 
or Salmonella enteritidis (Gaertner) Castellani and Chalmers. Thus the 
central nervous system was considered to be involved in immunity. 
Among others, Huff (1940) pointed out that not enough importance 
was attached to the effects of such a serious operation on the larvae. 
T h e interpretations of such experiments are presently viewed with cau
tion and will remain so until the mechanisms involved in acquired 
immunity are demonstrated conclusively. 

Metalnikov (1924) suggested that it might be possible to transmit 
immunity to successive generations of insects if selections of resistant 
individuals were made for a series of generations. No one has yet re
ported an investigation that will prove or disprove this theory, and it is 
difficult to understand why resistance would not be developed until after 
the fourth generation as Metalnikov claimed. 

Many early workers, including Zernoff (1928a), stated that immunity 
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could be induced by a variety of nonspecific substances, some as simple 
as saline or even tap water. It seems inconceivable that such substances 
could stimulate immunity unless the mere introduction of any foreign 
material could induce the insect cells to combat foreign material, an 
assumption that current research does not support. The immunity re
ported to be evoked by nonspecific materials was weaker than that by 
the homologous vaccine, but the fact that such substances could stimu
late immunity at all is surprising. Stephens (1959) could not stimulate 
immunity in wax-moth larvae by nonspecific substances both protein 
and nonprotein in nature. 

Briggs (1958) could not demonstrate acquired immunity per os. 
This is not surprising as it is difficult to immunize even mammals orally. 
Where oral immunization has been claimed to be effective in mammals 
the mechanism may be by some process of interference, e.g., polio. How 
insects acquire immunity naturally is unknown; it might occur per os 
but it would be almost impossible to determine. 

The publications of Briggs (1958), Stephens (1959), and Stephens 
and Marshall (1962) represent the most recent contributions on ac
quired immunity in insects and also the only vitally different approaches 
to insect immunity in the past two decades. Briggs (1958) used eleven 
species of lepidopterous larvae and showed conclusively that conven
tional serological techniques were not adaptable for the demonstration 
of acquired immunity. However, he did show that a relatively non
specific increase in tolerance developed to several species of pathogenic 
bacteria. This increase paralleled the rise of an extremely heat-stable 
antibacterial principle, demonstrable in vitro a few hours after vaccina
tion. This principle was not entirely specific in action, was retained 
through larval life, and resisted exposure to acid and alkali, but was 
susceptible to the action of pepsin. 

Neither the properties of the principle described by Briggs nor the 
properties of the factor isolated from immune wax-moth larvae by 
Stephens and Marshall (1962) resemble those of a mammalian antibody. 
Stephens (1962a) stated that the only demonstrated acquired response 
in wax-moth larvae to P. aeruginosa vaccine was a bactericidal activity 
that did not exist in the blood of normal insects. This bactericidal ac
tivity could be measured quantitatively and, though not extremely po
tent in terms of bactericidal activity in mammals, was the only demon
strable type of response that in any way resembled an antibody in the 
wax moth. 

The factor of Stephens and Marshall in sqme ways resembled that 
of Briggs except that in most instances Briggs* property existed in nor
mal blood and increased after active immunization. Stephens found 
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no activity against P. aeruginosa in normal blood, and though she stated 
that wax-moth larvae normally showed bactericidal activity against S. 
dysenteriae this was not increased by the use of a homologous or hete
rologous vaccine. Despite findings contrary to those of Briggs, the two 
principles might be related, as differences in technique may explain 
Briggs' interpretation of some activity in all normal blood. The use of 
agar pour plates by Briggs may have resulted sometimes in an apparent 
reduction of numbers of colonies—a reduction that may not be absolute 
because of an inhibitory activity of the agar itself. 

Together with the demonstration of bactericidal activity, Stephens 
(1962b) found that normal wax-moth blood, like that of most insects, 

melanized on exposure to air, but that blood actively immunized against 
P. aeruginosa or Proteus mirabilis Hauser, did not. The inhibition was 
attributed to a possible inhibitor of tyrosinase by Stephens and Marshall 
(1962). They were able to isolate from immune blood by dialysis, al

cohol precipitation, and absorption on an anion exchange resin a factor 
that was bactericidal and that also conferred immunity and inhibited 
melanization. They described the factor as dialyzable, heat stable, un
affected by trypsin, usually acidic, and of relatively small molecular 
weight. These facts indicate that the factor is nonprotein and therefore 
far removed from a mammalian type antibody. 

It is much too early to state that such a factor is responsible for 
immunity in all insects. However, the demonstration of such immunity 
for even one insect shows how greatly insect immunity differs from 
mammalian immunity. Considering the great differences from one order 
of insect to another, and even from one species to another, it is likely 
that this type of response could not be expected to apply to all insects. 
It does show, however, that an original approach to immunity may yield 
much useful information insofar as insects are concerned. 

It is unfortunate that with few exceptions studies on acquired im
munity were confined to bacterial species. Boczowska (1935) failed to 
immunize larvae of G . mellonella with heated spores of the entomo-
phagous fungi. She pointed out that the heated spores were not dead 
and that a more effective antigen might enable the insects to be im
munized actively. Many of the difficulties in insect immunity so far are 
due to the lack of suitable techniques. 

Aizawa (1954) made an immunological study of the silkworm jaundice 
(nuclear polyhedrosis) virus and produced acquired immunity when a 
vaccine was made from infected larval blood, but not when a heated virus 
was used. As more care is necessary to prepare efficient viral vaccines, 
these results are not surprising, and when proper vaccines are found it 
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will be interesting to learn whether similar immunity can be acquired 
against viruses as against bacteria. 

B. Passively Acquired 
Passive immunity in insects, as in mammals, is that which is trans

ferred to other nonimmune insects by the blood, cells, or other body 
tissues or fluids of actively immunized insects. 

Passive immunization of insects has not been studied widely. Zernoff 
(1927) immunized wax-moth larvae passively against Salmonella enteri
tidis (— Bacillus danysz) by injections of blood from larvae immunized 
24 hours previously with a heat-killed vaccine; 24 hours later larvae 
withstood a lethal dose. Zernoff stated that the blood collected from 
actively immunized insects at any time after immunization, would, when 
injected into nonimmunized insects, confer protection on them, and 
that this protection lasted as long as 5 days. He considered actively 
acquired immunity to be lasting. Zernoff later (1928a) considered that 
passive immunity was nonspecific but of greater intensity against the 
homologous organism. It could be conferred by either leucocytes or 
plasma, but high temperature destroyed the immunizing property of 
the blood (Zernoff, 1928b). 

In general, Stephens (1959) obtained results on passive immunity 
corresponding to those of Zernoff except that, even 48 hours after 
injection of immune blood, protection was decreasing and, although 
either cells or plasma immunized to an equal degree, neither alone 
was as effective as whole blood. Passive immunization of mammals is 
generally used as a prophylactic measure to give a transient type of 
protection and is usually most successful in diseases where antibodies, 
especially antitoxins, play an important role. Thus it is rather 
surprising that passive immunity is effective at all in insects. The 
fact that passive immunity is obtained in insects might be considered 
as proof that antibodies were present in wax-moth blood. With the 
inconsistency and irregularity of antibody formation, it is doubtful 
that we can consider passive immunity as an absolute criterion of 
proof, though the possibility is worthy of consideration. 

Passive immunity has not been as widely studied as active immunity 
in mammals, and correspondingly it has not been seriously investigated 
in insects. Stephens and Marshall (1962) found that is was possible 
to determine the effectiveness of various methods for the isolation 
of the immune factors from actively immunized wax-moth blood 
by means of direct injection of the isolated factor into normal wax-
moth larvae and then comparing its protective effects with those of 
whole immune serum. This transfer of the immune material, produced 



9. IMMUNITY IN INSECTS 298 

in the wax moth after vaccination, was in fact passive immunization. 
The immune material cannot be referred to as "antibody," but is 
protective. This protection, like that produced by active immunization 
of the wax moth against P. aeruginosa, is of short duration. 

Protective substances in the blood and tissue fluids of mammals 
that do not fit the description of antibody are occasionally acquired 
against certain parasites, including bacteria, viruses, and protozoa. 
These instances support the theory of a nonantibody type of humoral 
immunity. Bacillus anthracis Cohn is an example among the bacteria 
(Raffel, 1953). Bacilli deposited in an immune rabbit undergo extra

cellular destruction, and the effect cannot be ascribed to antibody. 
Though the serum can be shown to possess antibacterial property by 
passive transfer to normal animals, the protective factor cannot be 
removed by treatment with antigens of the bacilli or by the bacillus 
itself. Essentially the response of wax-moth larvae to P. aeruginosa, 
described by Stephens (1962a), is similar. The protective factor does 
not conform with the definition of antibody, but it is an acquired 
humoral factor which has a bactericidal activity. Both it and the 
protection it carries can be transferred passively. It is less important 
to assign a name to this protective material than to recognize its 
function. The protective factor should be referred to in general terms, 
such as immune factor or immune substance, until more is known about 
its nature and its relation to mammalian antibodies. 

VI. TRENDS IN RESEARCH 

Judged from the results of contemporary workers in insect immunity, 
it seems improbable that anyone will demonstrate a mammalian-type 
antibody response in insects, as the mechanism must be relatively 
different from that of mammals. The immune responses of insects are 
evidently more difficult to understand than was originally thought. 
It appears that the answer will be found only by a protracted search 
and by the use of diverse methods. Comparative immunology presents 
a great many gaps insofar as knowledge of immune mechanisms in 
invertebrates in general, and in insects in particular, is concerned. 
Cushing and Campbell (1957) discussed the situation in invertebrates. 
They stated that the safest conclusion to be drawn at present was 
that the question of antibody production by invertebrates needs to be 
investigated in a more systematic manner than was done in the past 
before any definite answer can be reached. 

Wagner (1961) suggested that acquired resistance to bacterial 
infection in insects was analogous to the "nonspecific acquired immunity 
or interference immunity that exists in mammals." He stated that 
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insects should make ideal experimental animals for the study of non
specific immunity because of their inability to produce true antibodies 
and because of the apparent ease with which resistance to infection 
can be induced by various substances injected into insects. This may 
be true, but it is probably greatly overestimated if it is based on the 
assumption that acquired immunity can be readily induced by many 
nonspecific materials. Despite this, however, there are many similarities 
in the acquired immunity of insects to interference immunity, i.e., the 
fact that it is quickly developed, that it is not extremely potent or 
lasting, and that no antibodies can be demonstrated. Certainly this 
line of investigation is one to be considered for the future. 

Most workers freely discuss antibody formation in insects without 
knowledge of whether insect blood contains a protein like the gamma 
globulin of mammals with which mammalian antibodies have been 
classically identified. It recently became apparent that antibodies 
in mammals might be distributed to some extent in other globulin 
components, but even the knowledge of whether or not these components 
exist in insects is inconclusive. Krieg (1957), using paper electrophoresis, 
reported no serum proteins that compared to gamma globulin and no 
binding of S. aureus on any blood protein in the blood of several 
insect species. Stephens (1959), using electrophoresis on a starch 
column, reported that P. aeruginosa antigens were closely associated 
with material near the origin and thus possibly were not protein 
in nature. Denuce and Rabaey (1958) stated that classification of 
blood proteins on the lines of mammalian blood was of no value 
for insect blood. 

Investigations to produce electrophoretic patterns for immune 
insect blood have been few and the results to date unrewarding. It 
appears that a painstaking electrophoretic investigation of insect blood 
might settle the question of gamma globulin in insects. Because of 
the variation between individuals, and certainly between species, 
the difficulties cannot be minimized. However, the reward of a conclusive 
answer, particularly with reference to the type of natural antibody 
that might be expected, is sufficient to warrant attempts to overcome 
the difficulties. 

Recent findings in insect immunity contribute only a little to 
the understanding of the mechanism involved. They do, however, 
indicate the need for new approaches to the subject, and this discovery 
in itself is valuable. Insects comprise a large proportion of the animals 
on the earth and it is very likely that among them there will be a 
great many manifestations of the immune response. The type of 
immune response in any one insect species may vary according to the 
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bacterial species used for immunization. Moreover, the immune responses 
of insects to fungi and viruses may be different qualitatively and 
quantitatively from those shown to bacteria. In addition to aiding 
the field of insect pathology, investigations on immunity in insects 
could do much for the field of comparative immunology. As yet, the 
field is still undeveloped, in fact the surface is barely scratched. 
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