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I . INTRODUCTION 

Diagnosis is one of the most impor tant , and one of the most complex, 
branches of the study of disease. It is fundamental to insect pathology, 
both basic and applied. T h e importance of diagnosis in insect pathol
ogy lies in the fact that one must know the na tu re of the disease and 
what ails or has killed an insect before the disease can be properly stud
ied, controlled or suppressed, used as a microbial control measure, its 
potentiali t ies for na tura l spread determined, or its role in the ecological 
life of an insect species ascertained. 

Insects acquire infections, assume abnormali t ies, are injured, poi
soned, parasitized, or become otherwise diseased in many and diverse 
ways; moreover, they manifest these conditions in a vast variety of forms, 
actions, appearances, and signs. Each disease, itself, may present a vari
egated pat tern , bu t usually under any par t icular set of conditions the 
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manifestations of a disease are reasonably uniform and constant. Wi th in 
limits, each disease has its distinctive characteristics, or falls wi thin a 
distinguishable group. Because of this we can, when astute and knowl
edgeable enough, separate o n e disease from another, thus rendering a 
diagnosis. 

Al though this treatise is devoted largely to "advanced" aspects of 
insect pathology, in the present chapter we shall, for the most part , 
present the elements of diagnostics simply because nowhere in the liter
a ture of insect pathology has there yet appeared a comprehensive dis
cussion of the basic principles involved. Moreover, the background to 
making an accurate diagnosis, and to what constitutes a complete ex
aminat ion required for diagnosis, is so generally misunderstood that no 
apologies are necessary for dealing primari ly with the elements and 
rudiments of the subject. By discussing fundamentals we shall also at
tempt to show that diagnostics is more, much more, than the mere iden
tification of the pathogen involved. In another publ icat ion (Steinhaus 
and Marsh, 1962), we have dealt with methods of recording diagnostic 
data and keeping diagnostic records; accordingly, these matters will not 
be detailed in the present chapter. 

I I . ORIENTATION, TERMINOLOGY, AND DEFINITIONS 

T h e word diagnosis (plural diagnoses) is a new-Latin form of the 
Greek word diagnosis meaning "a distinguishing," "a power of discern
ment ." T h e verb is diagignöskein, derived from dia meaning " th rough" 
or "apar t " and gnoskein meaning " to know," "to distinguish." T h u s , 
in its broad sense, diagnosis means to know through, to set apart , to 
distinguish, to discern. I t implies the critical scrutiny of data, facts, or 
observations in order to make a logical and scientific determinat ion. 
T h e most common use of the word relates to the phenomenon of dis
ease where diagnosis refers to either the art or the act of distinguishing 
one disease from another, or to the result ing judgment or decision 
reached from such an act. T h e concept of diagnosis may also include the 
quant i ta t ion of the magni tude of a disease in an individual or in a 
populat ion. Quan t i t a t ion of disease (as in a colony of honey bees, for 
example) may serve as a guide to render ing a prognosis or inst i tut ing 
therapy. (Such a concept, as applied to a given pat ient , has recently 
been emphasized by Frenster, 1962.) 

Al though diagnostics is defined by the second edit ion (1950) of 
Webster's New International Dictionary1 as " the art of diagnosing," 

ι T h e 1961 edit ion of Webster's Third New International Dictionary defines "di
agnosis" (in part) as "the art or act of identifying a disease from its signs and 
symptoms; also: the decision reached." T h e term "differential diagnosis" is defined 
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there are those who would prefer to consider it a science, especially when 
relat ing it to such uncommunicat ive animals as insects, since rat ional 
inquiry, systematized knowledge, and, frequently, exper imentat ion are 
involved. T h e dist inguishing or identification of a disease is accomplished 
by investigating its signs, symptoms, and etiology. However, considering 
that art is "knowledge made efficient by skill," the term is not misapplied 
even when referring to insects. It would appear that bo th art and science 
are involved in diagnostics; and certainly an entire array of science is 
used in diagnosing the diseases of insects. 

Different observers approach the mat te r of distinguishing one dis
ease from another in different ways and with different att i tudes. Some 
prefer to g roup or catalogue the diseases of insects according to the type 
of infectious agent causing the disease; others, according to the anatom
ical system affected; others, according to the host range or taxonomic 
groups known to be susceptible; and still others, according to the whim 
of their par t icular interest or fancy. T h e r e are, of course, those to whom 
a sick insect is merely a sick insect—but among entomologists generally 
this a t t i tude is diminishing because the importance of knowing at least 
the general type of disease or abnormal i ty concerned is reaching into 
nearly every area of entomological research. In any case, the separation 
of one disease from another involves much more than mere cataloguing 
or grouping. 

I t would be foolish to pre tend, at this poin t in the development of 
insect pathology, that the methods of diagnosing the diseases of insects 
have reached a level of sophistication equivalent to that prevail ing with 
diseases of man , o r for tha t ma t t e r with those of other domesticated 
vertebrates. At t imes, i n performing a diagnosis, we can do n o better 
than to present vague guesses. Sometimes we can elevate these to what 
may be considered as shrewd guesses, and make an effort to br ing the 
facts in to l ine with the guesses. Usually, however, we can do better than 
this; we can marshal the facts, proceed with an unprejudiced analysis 
of the facts, and arrive at a logical conclusion. I t is the author 's con
viction that differential diagnosis, as appl ied to the diseases of insects, 
can be practiced as a systematized discipline. 

A. Early Beginnings 
As might be expected, the development of diagnostic procedures 

and the art or science of dist inguishing one disease from another had 
as "the dist inguishing of a disease or condit ion from others presenting similar symp
toms." "Diagnostics" is the "art or practice of diagnosis." 

These and other definitions are included in an abridged glossary of terms em
ployed in insect pathology prepared by Steinhaus and Martignoni (1962) for the use 
of students enrolled in courses in insect pathology at the University of California. 



552 EDWARD Α. STEINHAUS 

its beginnings in primitive medicine. W i t h considerable logic the early 
medicine m a n saw as his obligation the removal of the cause (be it evil 
spirits, violation of taboos, sin, or whatever) of an individual 's illness. 
In order to accomplish this he had to ascertain the identity of the cause; 
he had to make a diagnosis. H e might begin by quest ioning the pat ient , 
or the patient 's relatives, as to whether his subject had offended the 
spirits or broken any taboos; in other words, he would take the pat ient 's 
medical history. Depending u p o n the culture, this might be followed 
with more precise diagnostic procedures such as communicat ing with 
the spirits dur ing a trance, administering tell-tale poison to fowl, dogs, 
other animals, or the suspected offender himself, "smelling the witch," 
" throwing the bones," consulting the appropr ia te oracle, subjecting the 
person suspected of causing the disease to ordeals of fire, hot oil, water 
immersion, etc., or by performing certain ritualistic tests on the pat ient 
himself. Once the diagnosis was determined, the medicine m a n could 
proceed with the t reatment—a procedure which today's modern "medi
cine m a n " has developed into a science and fine art. A similar historical 
development took place with the afflictions of man's domestic animals, 
and even with the diseases of plants. T h e steady advances, over the years, 
in the diagnosis of h u m a n , animal , and p lan t diseases, all have their re
flections in the developing area of diagnostics as applied to the diseases 
of insects. 

No t to be overlooked is the debt diagnostics owes to the historical 
development of the background sciences of zoology, microbiology, cytol
ogy, chemistry, and physics. T h e study of pathological tissue generally 
is dependent , historically, upon the contr ibutions of Morgagni (1682-
1771), who organized the scattered knowledge of his day into the science 
of pathology; Bichat (1771-1802), who introduced histology into the 
field of pathology; Rokitansky (1804-1878), who developed descriptive 
pathology; Virchow (1821-1902), who, bui ld ing on the work of such 
cytologists as Müller , Schwann, and Henle , revolutionized the ideas of 
cellular life and the concept of the normal and abnormal in tissue and 
organs, thus placing pathology on a sound histological basis. Other im
por tant contributors could be ment ioned; and all of them, without 
knowing, were, to varying degrees, contr ibut ing to our ability to detect 
and interpret pathological changes in the tissues of diseased insects. 

T h e disorders befalling insects were differentiated in diagnostic 
fashion virtually from the time they were first recorded. Aristotle, for 
example, noted several different maladies of the honey bee al though, 
to be sure, he and others of his t ime made only superficial distinctions 
between them. T h a t the silkworm was susceptible to different diseases 
was recognized at least by the early sixteenth century. However, they 
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began to be better differentiated toward the end of the seventeenth 
and at the beginning of the eighteenth centuries. T h e malady (jaundice) 
we now know to be caused by a nuclear-polyhedrosis virus is recognizable 
in a poetic description of it wri t ten in 1527 by the I ta l ian poet Vida. 
Muscardine of the silkworm was recognized as a separate entity in the 
early 1700's, and was shown by Bassi, in 1834, to be caused by a fungus. 
Pebrine (protozoan etiology) and flacherie (bacterial etiology) remained 
largely confused unt i l Pasteur (1870) finally differentiated them from each 
other. In should be further pointed out that it was in Pasteur's labora
tory dur ing his work on the diseases of the silkworm that a microscope 
was first used for the diagnosis of infectious diseases. Moreover, his 
eight-year-old daughter , Marie-Louise, who assisted h im in microscopi
cally distinguishing diseased from healthy silkworms, may be considered 
the forerunner to today's medical or laboratory technician. 

A classic example of what was basically a diagnostic problem, is that 
of differentiating between the several brood diseases of the honey bee. 
For centuries there was an in termit tent separating and blending of what 
are now recognized as different disease entities. At times nearly all brood 
diseases (American foulbrood, European foulbrood, parafoulbrood, sac-
brood) were thought to represent a single malady. European and Amer
ican foulbroods were especially confused. These were probably first 
clearly recognized as separate disorders by Dzierzon in 1882. I t re
mained, however, for the classic work of G. F. Whi t e in the early 1900's 
to make possible the clear and definitive differential diagnoses of these 
diseases. 

T h u s , as is the case with so much of the beginnings of insect pathol
ogy, we find the first exercise of diagnostic methods, as they per ta in to 
the diseases of insects, to have taken place in observations on the dis
eases of the honey bee and the silkworm. From these beginnings grew the 
knowledge on which the differentiation of the diseases of other insects 
has been based. 

B. Types of Diagnoses 

Perhaps the most impor tan t adjective used with the word "diagnosis" 
is the qualifying word "differential." Fundamental ly , diagnosis, when 
not preceded by a qualifying adjective, has come to mean primari ly the 
knowing and identifying of a disease. T h e distinguishing of one disease 
from another is essentially a process of differentiation, and hence the 
term differential diagnosis, etymologically somewhat r edundan t , refers 
to what we usually have in m i n d when we speak of diagnosis. It is the 
result obta ined when one of two or more diseases is identified by sys-
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tematically comparing and contrasting their characteristic symptoms, 
signs, and postmortem changes. 

T r u e differential diagnosis is considerably more difficult and com
plex than ordinary nondifferential diagnosis. T o describe the signs of 
a par t icular bacterial septicemia or a par t icular polyhedrosis is not es
pecially difficult or involved, bu t to differentiate one septicemia or one 
polyhedrosis from another is qui te a different matter . And to describe 
a procedure, p lan, or set of rules, as to how this might be done is exceed
ingly risky and difficult. Nevertheless, it is another of the goals we shall 
a t tempt to reach in this chapter. A counterpar t to a differential diagnosis 
is one in which the signs and symptoms observed in a diseased insect are 
compared with those of other diseases in a manne r that indicates which 
malady the insect does not have. All known diseases are thus "weeded 
ou t" unt i l it is evident that the insect could have only one par t icular 
disease. Th i s process is called diagnosis by exclusion. 

Let us itemize some of the other qualified types of diagnosis appli
cable to diseases of insects: 

I n the first place, a diagnosis may be prel iminary, tentative, or de
finitive in na ture . A preliminary diagnosis is that made upon the first, 
cursory, examinat ion of the diseased specimen—the "educated guess"— 
or after taking the history. A tentative diagnosis is that rendered after 
a general macroscopic and microscopic examinat ion of the diseased 
specimen (or specimens), and after the diagnostician has had the benefit 
of rout ine laboratory tests. A definitive diagnosis is the final conclusion 
reached after all per t inent facts and da ta from whatever source (labora
tory, field, l i terature) have been gathered, tabulated, analyzed, a n d ad
judged. 

A symptomatic diagnosis is based on symptoms, changes, or signs ap
parent dur ing the life of the insect. A postmortem diagnosis is based on 
observations made after the death of the insect. I t is frequently the case 
with insects that postmortem changes are as indicative and as revealing 
as pathological changes occurring before death. Postmortem color 
changes, consistency of the in tegument and other tissues, odor, and the 
like, may in themselves enable the diagnostician to make a fairly reli
able tentative diagnosis. A laboratory diagnosis is, as the name implies, 
one based on the findings made in the laboratory or with laboratory 
procedures. More especially it refers to a diagnosis made after analyzing 
the data obtained from the laboratory examinat ion of the insect's body 
fluids, tissues, and secretions. I t involves macroscopic and microscopic 
observations, chemical analyses, histological studies, isolation and iden
tification of the causative agent or the identification of the source of 
injury or poisoning, and other types of laboratory observations. 
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W h e n there is insufficient information for render ing an accurate 
diagnosis, this state of affairs is indicated by the obvious term incom
plete diagnosis. I n such cases the record should clearly show at what 
point in the diagnosis the information is lacking. A suspected diagnosis 
is one in which the diagnosis is merely suspected. Other qualifying ad
jectives, reflecting a par t icular technique, discipline, or approach are 
occasionally associated with the word diagnosis. T h u s we may use the 
terms bacteriological diagnosis, protozoological diagnosis, and the like, 
to indicate that the diagnosis is based upon bacteriological or proto
zoological findings. An anatomical or physical diagnosis is based on 
changes or signs associated with the anatomy of the insect, or found 
upon a general physical examinat ion of the animal . W h e n a diagnosis 
is based u p o n the performance of tests on insects, or other animals, with 
materials from a diseased insect, the term biological diagnosis is some
times used. T h e n u m b e r of possible adjectival combinations is undoubt 
edly great and, for the most par t , when they are used their meaning is 
self-evident. 

C. Nosography and Nosology 

In their essential meanings nosography refers to the description of 
diseases whereas nosology means the classification of diseases. T h e areas 
covered by these terms, in their broadest meanings, frequently overlap 
that covered by the word diagnosis. Moreover, the three are often inter
related and any discussion of diagnosis almost necessarily involves a 
consideration of nosography and nosology. Indeed, early l i terature on 
the diseases of insects usually mingles the three in a common synonymy. 

1. Description of Diseases 

T o properly describe a disease one must first of all be careful and 
precise in his choice of descriptive words. H e should not, on the one 
hand, use vague, ambiguous, colloquial terminology, nor on the other 
hand , should he employ unnecessarily involved, abstruse, pedant ic ex
pressions. Scientific jargon has its place, bu t it can be overdone. Most 
languages provide a basic vocabulary adequate for describing, in a 
general way, most symptoms, signs, and changes brought on by disease. 
Add to this the precision of a modicum of scientific vocabulary perti
nent to the disease, the causative agent, and the host, and the result 
should be a clear and accurate del ineat ion of the malady. 

Whi le a description should be succinct and not verbose, it should 
at the same time be complete. T h e l i terature abounds in examples of 
part ial and inadequate descriptions wherein the au thor has selected 
only the most p rominen t signs of the disease and has described these 
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in a most cursory manner . I t is impor tan t that quali tat ive as well as 
quant i ta t ive aspects be covered. Hues and shades of color, consistencies 
of tissues, variations in size and shape, intensities of physiological ac
tivities, degrees of movement and irritability, extent of postmortem 
changes, and the like, should all be recorded with precision and in a 
manner that reflects the describer's sensitivity to even the most subtle 
signs and changes. 

Dexterity with words is an aid in describing diseases as it is in other 
forms of writing. Also helpful is a knowledge of word forms and word 
combinations. T o assist the general reader or s tudent in this area of 
nosography, a list of prefixes and suffixes commonly used in disease de
scriptions and in pathology should be consulted. 

2. Classification of Diseases 
T h e classification of diseases, i.e., nosology, has not been well de

veloped as far as the maladies of insects are concerned. Nevertheless, 
it is apparent that the systems used to classify the diseases of other ani
mals to a large extent apply to those of insects. 

In the first place we may divide the diseases of insects into two large 
categories: noninfectious diseases (ailments in which a living micro
organism is not involved), and infectious diseases (maladies resulting 
from the presence of a living microorganism). T h e noninfectious dis
eases may be separated into more-or-less distinguishable groups, as fol
lows: 

(1) Injuries 
a. Injuries caused by mechanical t raumata (violent contact with 

objects in environment; e.g., punctures , bruises, torn tissue) 
b . Injuries caused by physical agents (e.g., burn ing , freezing, 

drought) [Some workers prefer to combine a and b.] 
c. Injuries caused by poisons or chemical agents (e.g., insecticides) 
d. Injuries caused by parasitization or infestation by other in

sects or arachnids 

(2) Noninfectious conditions other than direct injuries 
a. Diseases caused by a nut r i t ional disturbance or a deficiency 

of proper nutr iments , vitamins, etc. 
b. Diseases caused by deranged physiology and metabolism 
c. Inher i ted abnormal conditions, anomalies, and aberrations 

(i.e., genetic diseases) 
d. "Congeni ta l" anomalies and malformations (i.e., nongenetic 

teratologies) 2 

2 For further classifications or groupings of teratologies of insects, the reader is 
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e. Certain tumors and other neoplasms 
£. Disturbances in development and in the regenerative capacity 

of tissues 
These groups may be further broken down according to the etiology 
involved. T h u s , if the cause of a noninfectious disease is a poison, it 
may be designated as a certain k ind of poisoning (e.g., buckeye poison
ing, arsenical poisoning). 

Infectious diseases of insects are commonly classified according to 
the na tu re of the infectious agent. T h u s we have bacterial diseases, 
rickettsial diseases, virus diseases, fungus diseases, protozoan diseases, 
and nematode diseases. 

Both infectious and noninfectious diseases may be grouped accord
ing to the organ or tissue system of the host (diseases of the digestive 
system, excretory system, adipose tissue, etc.). T h i s is sometimes re
ferred to as a topographic classification. Al though there are certain 
drawbacks to classifying diseases in this manne r (especially those dis
eases which involve several organ systems or most of the insect body), 
it is nevertheless a convenient and logical method of classifying—or at 
least of discussing—pathological changes. 

Al though hardly a method of classifying diseases, there are occasions 
on which it is convenient and meaningful to discuss and to group dis
eases according to their insect hosts (e.g., diseases of Lepidoptera , dis
eases of Scarabaeidae, diseases of cutworms). 

Diseases may also be classified according to the "k ind" of disorder 
it is. T h u s a disease may manifest itself as a septicemia or a dysentery. 
It may be acute or chronic. I t may be an organic disorder (involving 
par t icular organs or tissues), or a functional one (involving changes of 
activity). I t may be local, focal, or generalized. I t may be enzootic or 
epizootic in character. T h e r e are many meaningful adjectives that are 
used to, in a sense, "classify" or categorize diseases. 

Some p lant pathologists (e.g., Horsefall and Dimond, 1959) classify 
p lan t diseases according to the pathological process involved: " . . . tis
sue is disintegrated; growth is affected; reproduct ion is affected; host 
is starved; water is deficient; respirat ion is altered." A similar type of 
classification is possible with insect diseases, bu t so far it has not gained 
much favor or general use. Most insect pathologists appear to prefer to 
group diseases primari ly according to their etiologies or according to 
the anatomical system of the host, and secondarily according to the 
pathological processes involved. Classifications based on symptoms, ra ther 
than on the agent or abnormal process that causes the symptoms, have 
referred to publications such as those by Cappe de Bail lon (1927) and Balazuc (1948, 
1952, 1955, 1958). 
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been found inadequate and confusing. T h u s , the designations "wilt 
diseases," "flacherie," and the like do not have the specificity or precise-
ness that is to be desired in either naming or classifying diseases of in
sects. 

3. Nomenclature of Diseases 
Closely associated with the classification of diseases is the nomen

clature of diseases. T h e system of names used to distinguish the dis
eases of insects has not enjoyed the orderly benefits of standardization. 
In some areas of insect pathology a satisfactory nomencla ture appears 
to be evolving, whereas in other areas this is not the case. It is to be 
hoped that eventually a satisfactory and uniform system of nomencla
ture will be used throughout all groups of diseases of insects, and that 
it will be adopted and followed on an in ternat ional scale. In the present 
treatise an a t tempt has been made to follow certain basic "rules" used 
by writers in h u m a n and veterinary medicine as they can be adapted to 
insect pathology. In some instances we have had to devise rules of our own. 
I t must be assumed, of course, that any system of nomenclature must be 
kept constantly abreast of the progress of insect pathology, and that 
periodic revisions will be necessary. 

Insofar as possible, eponyms (i.e., the names of diseases or patholo
gies derived from the names of persons) are avoided or are synonymized 
with more s tandard designations. T h e auhor is inclined to avoid the use 
of eponyms al though he realizes that on occasion they may have some 
value. They lend color to subject matter , give recognition to the con
tr ibutions of one's forebears, lead to a consideration of historical matters, 
serve as a form of "shor thand," and in instances in which the na ture of 
the disorder is unclear they help avoid a conjectural descriptive name. 
O n the other hand, eponyms tend to replace more accurate and expres
sive terminology, give unwarran ted credit for priority, lead to confu
sion when one person's name is used in connection with more than one 
disease, and few of the users are really knowledgeable of the original 
investigations or per t inent historical circumstances. In addit ion, many 
find eponymic labeling to be annoying, imprecise, sentimental , and a 
cover for ignorance (Gall, 1960). Fortunately, in insect pathology we are 
encumbered with very few eponyms, and most of these (e.g., Heidenreich's 
disease, Maya's disease, Lorsch disease) have been or are being used over 
a period when the etiologies of the diseases are confused or in doubt . 

D . Symptoms and Signs 
As used in reference to diseases of m a n the word symptom indicates 

a manifestation of the affliction that is discernible only by the pat ient 
himself. For example, pa in or disturbed vision are symptoms which the 
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3 It is of interest to note that the latest (1961) edit ion of Webster's Third New 
International Dictionary defines the word "symptom" (from the Greek symptoma, 
property that goes with something) as follows: "subjective evidence of disease or 
physical disturbance . . . —contrasted wi th sign; an evident reaction to a pathogen 
by a plant—contrasted with sign." T h e same dictionary defines "sign" as "an ob
jective evidence of disease esp. as observed and interpreted by the physician rather 
than by the patient . . . ; an indication of disease . . . other than the reaction of 
the plant itself—contrasted wi th symptom." T h e term "physical sign" is defined as 
"an indication of bodily condit ion that can be directly perceived (as by sight or 
hearing) by an examining physician." 

physician cannot discover directly, bu t of which the pat ient informs him. 
A manifestation of the disease that the physician can observe directly is 
called a sign. Sometimes the distinction is made as follows: Any mani
festation of a disease is called a symptom. If it can be perceived only 
by the pat ient himself, it is called a subjective symptom. If perceptible 
by an observer other than the pat ient it is known as an objective symp
tom. If it is appreciated only by the physician it may be termed a 
clinical symptom or, better, a clinical sign. 

Obviously, in the case of diseased insects we are concerned only with 
objective symptoms or signs. Subjective symptoms in insects are not 
available to the insect pathologist. Elsewhere (Steinhaus, 1949) we have 
made the distinction that, in general, abnormal variations in behavior 
may be spoken of as "symptoms," and that the changes in bodily struc
ture brought on by disease are known as "pathologies." Most of the 
lat ter could also be included in the category of "signs." Th i s distinc
tion, while arbitrary, is frequently a convenient one. I t must be recog
nized, however, that as used in connection with the diseases of insects, 
the demarcations between symptoms, signs, and pathologies are fre
quent ly slight and indistinct. Diagnostic methods, as related to disease 
in insects, may sometimes use a b lend of what various writers have dis
tinguished as symptoms, signs, and pathologies. Symptoms, signs, and 
pathologies are outward expressions of internal changes. T h e diagnosti
cian endeavors to correlate symptoms, signs, and pathologies with the 
underlying changes causing them. Some writers (e.g., Bollo, 1961) speaks 
of all these together as "manifestations of disease." 

T h e second edit ion (1950) of Webster's New International Dictionary 
defines "symptoms" as "Any perceptible change in the body or its func
tions, either subjective or objective, which indicates disease." Also: "A 
sign." 3 T h i s definition allowed a broad use of the word, and actually the 
l i terature deal ing wi th the diseases of insects, as well as those of other 
invertebrates, of most vertebrates, and of plants , is filled with such 
usage. It is also the meaning implied frequently in the vernacular use 
of the word. 
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Regardless of the generally accepted diffusion now prevail ing in 
the use of terms per ta in ing to symptomatology, it is desirable to be as 
precise as possible in using these terms in insect pathology. O n a purely 
arbitrary basis, therefore, the following meanings are proposed: The 
word "symptom" is used to refer to any objective aberration in be
havior or function, indicating disease. (Objective here meaning any be
havioral or functional aberrat ion obvious to the sight and other senses 
of the observer.) A "sign" refers to any objective physical aberration or 
manifestation of disease indicated by a change in structure. (Under 
appropr ia te circumstances the objective observation of the pathogen it
self in or from the tissues of the host may also constitute a sign.) T h u s , 
abnormal movements, abnormal responses to stimuli, arrested develop
ment , digestive disturbances (e.g., diarrhea, vomiting, loss of appetite), 
inability to mate , inability to oviposit, i rregular body rhythms (e.g., of 
tracheae and heart) , and premature death are, by our definition, all 
symptoms. They may vary in intensity depending upon the organ or 
tissue affected, the degree of the disturbance, and the species of insect 
concerned. O n the other hand, abnormalit ies in the morphology or 
structure of any of the anatomical systems, or changes in an insect's color, 
or malformations of appendages, integument , or body structures, are all 
signs. These, too, are subject to considerable variat ion and intensities. 
However, these lat ter conditions and morb id changes may, from a 
slightly different and more l imited viewpoint, be called pathologies; 
accordingly, it is frequently convenient to consider signs and pathologies 
together and to make no essential distinction between them. T h e word 
"sign" is more commonly used dur ing the physical examinat ion of the 
insect and in taking the history of the disease; the word "pathology," as 
used in its restricted sense, is used dur ing the analytical study of the 
disease. (For a tabulated list of examples of signs and symptoms found 
in diseased insects see Steinhaus, 1963.) 

Pathologies may be further considered as gross pathologies, those 
morbid changes visible to the naked eye or wi th the aid of low-powered 
lenses, and histopathologies (tissue pathologies, cytopathologies, micro
scopic pathologies), those abnormal histological changes observable with 
various kinds of microscopy. In all cases, the pathologist should be aware 
that the disorders he sees grossly or microscopically are produced by sub-
microscopic changes in molecular relationships. T h e morbid changes are 
no doubt related to certain electrophysical changes in basic components 
of the host cell, inasmuch as all form and function depend ultimately 
u p o n atomic aggregations and energy exchanges. Put t ing it another 
way, it must be realized that the heart of pathology is cellular pathology, 
and this involves an unders tanding of the physics and chemistry of the 
cell to a molecular and submolecular level. 
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It may be appropr ia te , at this point , to remind the reader that the 
term "insect pathology" refers to the broad field concerned with all 
aspects of the study of diseases of insects. (The words relate to insects 
in a manne r similar to that in which "plant pathology" refers to plants, 
or in which " h u m a n medicine" relates to diseases in man.) As used in 
this broad sense, "insect pathology" does not mean merely the patho
logical changes brought about in animals and plants as the result of 
attack by insects, nor does it refer specifically to the pathological changes 
as such caused in insects attacked by a disease agent. T h e combinat ion 
"insect pathology" is a case of using the word in its broadest sense; "in
sect pathology" is synonymous with "diseases in insects." Nevertheless, 
we can speak of the "pathology" of a disease in referring to changes, 
morphological or functional, brought about in the tissues or an organ 
of a diseased insect. W h e n used in this manner , we are using the word 
"pathology" with much the same meaning as that intended when a 
physician employs the word in connection with changes in tissues of man 
suffering from a disease. In this case, the word is being given its narrow 
or more l imited meaning. As such, several adjectival forms may be used. 
For example, physiopathology or functional pathology (some speak of 
this as morbid physiology) treats of the changes in body functions brought 
about by disease; morphopathology is sometimes used to indicate the 
study of abnormal morphological changes; clinical pathology refers to 
the laboratory study used in diagnostics, and the interpreta t ion of labora
tory tests; autopsy pathology is the study of the changes in tissues ob
servable in dead animals. 

A pathognomonic symptom (or diagnostic symptom) is one that points 
with certainty to a par t icular disease or malfunction. Such a special symp
tom indicates an aberrat ion or disturbance of a par t icular na ture by 
which a disease may be definitely recognized. T h e terms presenting symp
tom and leading symptom have been used to refer to the leading or pre
dominan t symptom in a disease—the one that occupies the foreground 
of the disease picture. A regional symptom is one per ta in ing to a par
ticular region or area of the body, such as the head, thorax, abdomen, 
legs, etc. A general symptom is one that occurs generally throughout the 
body of the insect. Such symptoms occur in most instances of serious dis
ease and are not indicative of any specific affliction; they have l imited 
diagnostic value. Examples are loss of appet i te and sluggishness which 
occur in a wide range of diseases of insects. Symptomatic is an adjective 
meaning, according to Webster 's dictionary, "consti tut ing a symptom of 
disease; indicative of the presence of a par t icular disease. According to 
symptoms; as a symptomatic t reatment ." T h e science concerned with the 
symptoms of diseases is known as symptomatology or, less commonly, as 
semeiology. 



562 EDWARD Α. STEINHAUS 

T h e word syndrome refers to a symptom complex, a group of con
current symptoms or a par t icular combination, set, or sequence of symp
toms characterizing a par t icular disease; " the picture of the disease." It 
is a very impor tant and useful term. It might also be said that the ag
gregate of the symptoms and signs of a disease constitutes its syndrome. 
In a t tempt ing to interpret symptoms it is frequently helpful to group 
them together to form easily recognizable complexes or syndromes. T h u s , 
if a silkworm turns yellow, becomes flaccid, and disintegrates readily 
into a fluid mass, the indications are that it has been attacked by a 
nuclear polyhedrosis. If silkworms move about sluggishly, grow irregu
larly, some being stunted and diminished in size, and exhibit dark-brown 
to black spots on their integuments, the indications are that the insects 
are afflicted with the microsporidian disease pebrine. T h e words "syn
drome" and "disease" are sometimes used interchangeably, bu t they are 
not synonymous. A morbid process that has a specific cause is considered 
a disease or a disease entity, while a syndrome does not necessarily have 
a specific cause bu t represents a chain of physiologic processes, the inter
rup t ion of which at any point produces the same ul t imate impai rment of 
body function (Himsworth, 1949). T h u s the same syndrome may arise 
from many different causes. Different polyhedrosis viruses, for example, 
may cause essentially the same syndrome in their insect hosts, yet in each 
case the disease may be thought of as distinct. 

T h e r e is much t ru th in Paillot 's (1930) content ion that the lack of 
specificity of symptoms and signs in invertebrate diseases causes these 
characteristics to have less diagnostic value than they do in the case of 
vertebrate diseases. But there is also much that can be said for the early 
views of Acqua (1929) who felt that it is frequently of value to distinguish 
between the different signs and symptoms and, when possible, to separate 
them into groups having- obvious affinities. T h e impor tan t thing is that 
in most insect diseases it is not enough to rely on symptoms and signs 
alone to arrive at a diagnosis, and the number of pathognomonic symp
toms or signs are very few in the cases of insect diseases. Moreover, inas
much as many diseases exhibit few external signs or symptoms, the 
diagnostician must, in the words of H . W. Brown (1961), develop "a 
high index of suspicion." 

I I I . STEPS IN DIAGNOSIS 

I t is generally recognized that diagnosis involves two procedures: 
(1) the collecting of facts and data, and (2) the analyzing of these facts 
and data. Both of these procedures must be performed properly if an 
accurate diagnosis is to be accomplished. In carrying them out, it is 
convenient to divide each of them into a n u m b e r of successive steps 
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which might be considered as " the steps in diagnosis. ' ' Following the 
suggestions of medical diagnosticians (e.g., see Harvey and Bordley, 
1955; Horde r et al., 1952), these steps, as they per ta in to the diseases of 
insects, may be out l ined as follows: 

(A) T h e Collection of Facts 

(1) History of disease 
(2) Physical examinat ion 

(a) General inspection 
(b) Macroscopic examinat ion 
(c) Microscopic examinat ion 

(3) Laboratory and ancillary examinat ions 
(a) Isolation and possible study of microbial pathogens 
(b) Assay for nonmicrobial factors (e.g., poisons, metabolic 

diseases, etc.) 
(c) Detailed study of host; biochemical and biophysical 

tests of tissues and fluids 
(4) Observation of course of disease 

(B) T h e Analysis of Facts Collected 

(1) Critical and careful evaluation of collected data 
(2) Listing of reliable findings in order of apparent importance 
(3) Selecting of one or more pr incipal features or characteristics 

of the disease 
(4) Listing of all diseases in which these pr incipal features or 

characteristics are found 
(5) Selecting from the listed diseases the single disease that best 

explains all the facts 
(a) If this is not possible, the several diseases, each of which 

best explains some of the facts, should be selected 
(b) Render final diagnosis 

(6) W h e n possible, using a computer to aid in making and con
firming the diagnosis 

(7) Reviewing all data, observations, and evidence (both posi
tive and negative); confirm final diagnosis 

In following these steps in diagnosis one should be aware that as 
a background to them are three impor tan t aspects of diagnostics: (1) 
the existing body of knowledge relat ing to diseases of insects (i.e., to 
insect pathology), and the relationships between the symptoms and the 
diseases which this knowledge helps to clarify; (2) the signs and symp
toms presented by or ascertained from the examinat ion of the afflicted 



564 EDWARD Α. STEINHAUS 

insect; and (3) the final diagnosis itself. These ingredients plus logical 
reasoning constitute the basic essentials of making a diagnosis. T h e 
development of specialties and skills by the diagnostician may permit 
h im to make shortcuts and to abbreviate his examinat ion, bu t whatever 
his method or whatever the rout ine he follows, he must, in principle, 
follow these basic essentials if he is consistently to render accurate 
diagnoses. 

A. The Collection of Facts 

T h e facts per ta in ing to any disease in an insect must come from 
the examinat ion of the body of the infected insect, the results of lab
oratory tests, and the observation of the course of the disease. A 
valuable pre lude to the gathering of this observational data is what 
is called " taking the history of the disease." Some diagnosticians may 
prefer the phrase "record of disease" bu t this terminology causes con
fusion with other "records" kept in diagnostic work. T h e history is 
of value not only in diagnosis, b u t in unders tanding the ecology and 
epizootiology of a disease as well. 

1. History of Disease 

In many ways constructing the history or record of the disease of 
an insect is analogous to what in h u m a n medicine is also known as 
taking the "history of the disease," or the "medical history," or the 
"clinical history." However, since the insect is unable to relate verbally 
to the diagnostician its symptoms, previous experiences, or medical 
history, the history has to be one obtained by direct observation on the 
par t of the diagnostician himself or on the par t of the collector of the 
diseased insect. Observations made by field entomologists or laboratory 
workers who may be the first to observe the diseased insect are fre
quent ly of great value to the insect pathologist a t tempt ing to identify 
the disease. 

I t has often been pointed out how much more difficult it is for 
the veterinarian to diagnose the ailments of d u m b animals than it is 
for the physician who usually has the advantage of being able to com
munica te verbally with his pat ient . T h e h u m a n pat ient can describe 
his symptoms while the horse or dog, for example, can do little more 
vocally than whimper or moan with pain. Consider, however, the pl ight 
of the insect pathologist (in some ways even the p lan t pathologist has 
it simpler) who has the benefit of no subjective symptoms of any kind. 
W i t h vertebrate animals, and especially with man, the single symptom 
of pa in is one of the most impor tan t guides to correct diagnosis; in 
the case of disease in insects, of course, we are deprived of this sub-
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jective indicat ion that something is wrong. As the physician MacBryde 
(1957) has said, ". . . the accomplished physician can learn more in 
the majority of cases from what his pat ient says, and the way he says 
it, than from any other avenue of inquiry . . . . How handicapped we 
would be if the pat ient could not tell us that he had pain , or where 
it was, or its na ture , or dura t ion , or radiat ion!" T h e handicap to 
which MacBryde refers is one, among others, which diagnosticians in 
insect pathology must surmount . O n the other hand , the insect pathol
ogist is spared the problems associated with pr ide, vanity, false modesty, 
and self-diagnosis with which the physician so frequently contends. 

T h e role of the pat ient in obta in ing a medical history is, in a 
sense, assumed by the entomologist or other individual submit t ing the 
diseased specimens in obta in ing a history of the disease of an insect. 
At least, it frequently is his "compla in t" that initiates a diagnostic 
study of the diseased ar thropod. Whi le such an individual cannot pro
vide a subjective rendi t ion of the insect's symptoms, he can provide 
per t inent information (i.e., a history) relat ing to the disease as he 
observed it p r ior to submit t ing the ail ing or dead specimens to the 
insect pathologist. T h e manne r of obta in ing this history is of great 
importance. T o obta in a "good" history requires experience, bu t there 
are also certain general rules that can be followed. 

T h e history of the disease must be taken with care and judicious 
selection of purpor ted facts. Whi le the diagnostician should not allow 
excess of detail to obscure essentials, he must nonetheless be aware that 
some seemingly trivial event in the history may, properly evaluated, 
be the key to an accurate diagnosis. Facts which the submit ter provides 
(Steinhaus, 1950, 1955) bu t which are entirely irrelevant should not be 
recorded. T h e pathologist should record his estimation of the reliability 
of the supposed facts reported to him. In submit t ing insects for the pur
pose of obta in ing diagnoses of their diseases, the biologist unfamil iar 
with the jargon of pathology will more frequently than not use words, 
phrases, and expressions that must be interpreted by the specialist. T h e 
personal equat ion is an impor tan t factor in repor t ing histories of disease, 
and introduces inconsistencies and variations in descriptions involv
ing such things as color, size, shape, and abnormali t ies in structure 
and function. Nevertheless, in recording the history, the submitter 's 
own words, phrases, and statements should be used, otherwise the t rue 
facts implied by his expressions may be lost. Eventually, his state
ments will be converted to the pathologist 's own language, bu t the 
submitter 's own descriptions and opinions should be preserved for ref
erence. If the submit ter speaks or writes in a manne r that cannot be 
understood in technical thought , the pathologist should elicit from 
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him a new statement that would clarify matters. In making inquiries, 
especially if the history is being obtained through conversation, lead
ing questions, that is, those which themselves suggest the answer, 
should be avoided. One should strive to obta in as undistor ted a pic
ture as possible of events that have transpired and observations that 
have been made pr ior to the t ime the diagnostician receives the dis
eased insects. T o accomplish this, accuracy and preciseness must always 
be considered as pr imary objectives in recording the history of a dis
ease, as well as recording all the facts and data upon which a diagno
sis is based. A convenient form for recording the prel iminary or basic 
history is shown in Fig. 1. 

For convenience, the history of the disease may be considered under 
four headings: (1) The principal manifestation: T h a t sign, symptom, 
syndrome, or phenomenon which was primari ly ins t rumental in drawing 
the at tent ion of the observer to the diseased insect. Recording this par t 
of the history requires only a brief statement to account for the reason 
the diseased insect came under observation. (2) The past history: 
All facts relat ing to the past heal th of the insect, the popula t ion in
volved, or the previous populat ions in the same geographical area; or 
those relat ing to any diseases previously suffered by the same insect, 
or by previous generations of the insect. Knowledge of diseases which 
have occurred in an insect's forebears can be especially impor tan t in 
aiding in the diagnosis of disorders occurring in insectary- or labora
tory-reared insects. (3) Companion history: All facts relat ing to dis
ease as it occurs in the insect's companions, or associates; that is, 
disease as it is present in the popula t ion from which the insect was 
taken. Th i s par t of the history involves the epizootiology of the 
disease with which the insect unde r diagnosis is afflicted; i.e., it in
volves that pa r t concerned w rith the disease as it occurs in the in
sect's companions. I t does not apply if the insect were found in an 
isolated situation, bu t does apply if one or more (such as a hatching 
or a large popula t ion) addi t ional insects of the same species are 
present. It also applies to situations in which the diseased insect 
has had other species as companions. (4) The history of the present 
condition: A statement of the evolution of the disease being consid
ered. T h i s is usually the most impor tan t par t of the general his
tory of the disease. U n d e r this heading are recorded the facts of the 
disease as they have emerged u p to the t ime the diagnostician receives 
the insect for examinat ion. W h e n known, such matters as the time of 
onset of the disease, conditions unde r which it occurred, successive 
signs and symptoms so far observed, etc., are also recorded. Here the 
epizootiology of the disease as it affects the insect unde r consideration 
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ACCESSION AND HISTORY CARD 

Date received Collector's Number Accession No 

Scientific name of insect 

Common name of insect 

Condition of specimens 

Method of submittal or shipment 

No. of specimens: Dead Ailing Healthy Stage Instar... 

Males Females Time held prior to submittal Temp 

Abundance or prevalence of insect 

Host plant or animal 

Extent of disease outbreak 

Environmental conditions (including temperature and humidity) 

Possibility of insecticide treatment 

Name of collector Address of collector... 

Name of submitter Address of submit ter-

Cover letter dated Date collected Locality-

Additional description or history provided by collector or submitter: 

Additional history provided by diagnostician: 

Recorder... 

UC D I P Form 1A 

FIG. 1. An example of an accession form used to record the preliminary history 

of diseased insects received for diagnosis. Information pertaining to the four headings 

cited on page 566 may be recorded in the spaces toward the bottom of the card, or 

on an extra card. 
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is recorded, and the role of the environment as a factor in the epi
zootiology would be included under this heading. 

For much of this historical information, the pathologist is de
pendent upon the submitter , or original observer, especially if the 
first or only material available to the pathologist consists of dead 
specimens. T h e signs and symptoms of a disease in any individual insect 
are likely to appear pr ior to the t ime it is sent in for diagnosis. 
However, if several specimens or representative samples are submit ted 
the insects may be in different stages of the disease so that the pathol
ogist may be able to see for himself some of the early aspects of the 
ai lment for which he would otherwise have to depend on the history. 
Th i s is one reason why the diagnosis can be most conclusive when 
insects that are healthy, healthy bu t exposed, and in early, middle, and 
late stages of the disease are made available to the pathologist. 

Other data, as indicated in Fig. 1, that should be included in the 
history are: (1) the common and scientific names of the insect; (2) the 
collector's or submitter 's own accession or identification number , if any; 
(3) the name of the collector and, if different, that of the submitter; 
(4) the date and locality of the collection; (5) the name of the host 
p lant or animal, or the na ture of the environment in which the diseased 
insect was found; (6) the extent of the disease outbreak and the condit ion 
under which it occurred; (7) the abundance or prevalence of the insect; 
(8) abnormal behavior and appearance of the affected insect as seen 
where it was found; and (9) whether or not the insect was exposed (or 
whether it could have been exposed) to any control procedures, such 
as insecticide treatments. 

I t is helpful when from the history one can gain some ideas as 
to the probabil i ty of a par t icular disease being present regardless of 
the symptoms. Such things as the geographical location, t ime of year, 
climate, whether or not epizootics are prevalent, all he lp in making 
a more logical diagnosis or in analyzing an otherwise difficult one. 

At the end of the history, the diagnostician may record his first 
diagnostic impressions or make his prel iminary diagnosis. 

2. Physical Examination 

T h e next step in collecting the facts upon which a diagnosis is to 
be based is the study of the insect's body by physical examinat ion, and 
the detection of any departures from the normal . Before doing so, 
however, the pathologist should have an accurate idea as to what 
constitutes the normal or healthy insect. Th i s requirement cannot be 
stressed too strongly. T o be sure, many disorders and pathological con
ditions may be identified without ever seeing a healthy specimen of 
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the same insect species. But usually such diagnoses are based upon 
recognition of the microbial pathogen found in diseased or dead speci
mens. Familiari ty with the healthy or normal is necessary for the 
proper appreciat ion of the unheal thy or abnormal . Moreover, in many 
disease processes the normal differs from the abnormal only in degree. 
Bodily systems and mechanisms may operate differently in a diseased 
insect, bu t the systems and mechanisms themselves do not become dif
ferent mechanisms. It is helpful when the person submit t ing the insect 
for diagnosis can include in his sample (but in a separate container) 
healthy specimens of the same species. 

T h e first step in making the physical examinat ion of a diseased 
insect is to appraise the animal as a whole; i.e., a general inspec
tion is made. Abnormal movements and behavior should be noted, as 
should the general external appearance of the insect. Its general con
dit ion, including the presence or absence of abnormal colors and odors, 
should be included in this inspection. If living, dead, and dying 
specimens are at hand , the general appearance and condit ion of each 
of these groups should be observed and compared. Postmortem changes 
can have as much diagnostic significance as premor tem changes. 

In making a further detailed physical examinat ion of the diseased 
insect, ei ther or bo th of two schemes may be followed. T h e diagnosti
cian may proceed on a morphological or anatomical basis, or on a physio
logical or functional basis; he may go about it in a hit-or-miss fashion 
(which is not recommended), or he may apply these considerations ac
cording to the system (digestive, nervous, circulatory, etc.) involved. H e 
notes and records all signs, symptoms, and pathological changes (i.e., 
all morphological and physiological changes) associated with each sys
tem beginning anteriorly and ending posteriorly. H e begins with the 
in tegument and with external indications (e.g., diarrhea and vomiting) 
of digestive disturbances. If he has at h a n d several diseased specimens 
he may sacrifice one (here, for a change, the insect pathologist has the 
advantage over the physician), and proceed with the physical examina
tion of each system. 

After observing the general external appearance and behavior of the 
insect, the individual anatomical systems and tissues should be examined. 
T h e following "systems" are involved in the physical examinat ion of a 
diseased insect: (1) in tegument ; (2) circulatory system; (3) al imentary 
system; (4) excretory system; (5) endocrine and exocrine glands; (6) 
muscular system; (7) respiratory system; (8) nervous system (and sensory 
organs); (9) reproduct ive system; (10) fat body (adipose tissue). 

Unde r the heading of each of these systems the signs and symptoms, 
and the pathological changes, may be recorded (see Fig. 2). I t should 
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PHYSICAL EXAMINATION 

(Observations made maoroscopically or with dissecting microscope) 

Date... . Insect Accession No... 

A. Abnormal movements and behavior: 

B. General external appearance; general condition and odor (relate to healthy specimen) 

Pre-mortem: Post-mortem: 

C. Signs and symptoms: 

1. Integument 
2. Circulatory system 
3. Alimentary system 

(Record according to anatomical system or tissue, correlating description with appropriate 
number.) 

4. Excretory system 
5. Glandular system 
6. Muscular system 

7. Respiratory system 
8. Nervous system and sense organs 
9. Reproductive system 

10. Fat body (adipose tissue) 

Photographs-

Examiner... 

UC D I P Form 2Λ 

FIG. 2. A form o n which may be recorded observations made during the course 
of the physical examinat ion of the diseased insect. 
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be remembered, of course, that rarely does a disease involve only one 
system, and that what happens to one system may produce effects in 
other systems. 

T h e physical examinat ion of the diseased insect may be accomplished 
macroscopically as well as with the aid of a stereoscopic dissecting 
microscope. W e have already al luded to the macroscopic approach in 
which all signs and changes in the different anatomical systems are 
observed and studied with the unaided eye. I t is usually necessary, 
however, that we go further with our visual examinat ion of organs 
and tissues. Especially required are examinat ions made with the aid 
of the stereoscopic dissecting microscope. At this poin t it should be 
made clear that we are referring to the role of microscopy in making 
the physical examinat ion of the insect and not in detecting and identi
fying microbial pathogens in insect tissues. Symptomatological signs 
and pathological changes visible at the microscopical level can be as 
meaningful, as dramatic , and as impor tan t as those apparen t macro
scopically. 

As the physical examinat ion of the diseased insect is made, all 
observations should be recorded simply and fully, bu t usually wi thout 
any allusion to their possible significance. One should not , for ex
ample, say that " the in tegument has assumed a yellow color because 
the insect is infected with a nuclear polyhedrosis/ ' Explanat ions of 
individual physical signs should await the time when all the data 
and collected facts can be analyzed for the purpose of diagnosis. T h e 
purpose of the rout ine physical examinat ion is not to arrive at a diag
nosis, bu t to detect signs and abnormali t ies produced by disease. W h e n 
these are found, further and more elaborate -procedures may be em
ployed to secure addit ional evidence" upon which an accurate diagnosis 
may be based. 

3. Laboratory and Ancillary Examinations 

After, or dur ing the process of, making the physical examinat ion, 
the diagnostician usually finds it necessary to make a n u m b e r of ancil
lary or addi t ional examinat ions (see Fig. 3). For the most par t the 
ancillary examinat ions with which we are concerned amount to di
agnosis by laboratory methods. And, a l though at times such examina
tions are of crucial importance in arriving at a diagnosis, they should 
not be given an exaggerated value over that of other diagnostic proce
dures. Diagnosis is more than the mere skillful assemblage and corre
lat ion of laboratory reports. Often the ancillary examinat ions are done 
in a direct and abrup t manner , consisting essentially of microscopically 
identifying the causative agent if an infectious disease is involved; a 
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LABORATORY EXAMINATION SCAN SHEET 

Date Insect... .. Accession N o -

Microscopic findings: (Record according to anatomical system or tissue, 
correlating description with appropriate number.) 

1. Integument 
2. Circulatory system 
3. Alimentary system 

4. Excretory system 
5. Glandular system 
6. Muscular system 

7. Respiratory system 
8. Nervous system and sense organs 
9. Reproductive system 

10. Fat body (adipose tissue) 

Sketch: 

Photographs... 

Examined further for: 

• Viruses 

• Rickettsiae 

• Bacteria 

• Yeasts 

• Fungi 

(Check square [xj if Special Sheet is used.) 

• Protozoa • Nutritional disturbances • Chemical injuries 

• Nematodes • Genetic anomalies • Hematology 

• Insect parasites • Nongenetic teratologies • Serology 

• Neoplasms • Mechanical injuries • Histopathology 

• Deranged metabolism • Physical injuries • Biochemistry 

• Other anomalies, disturbances, or pathological conditions 

General microbiology and miscellaneous: 

Method of examination: (Method of external sterilization, types of preparations, stains used, etc.) 

Examiner... 
UC D I P Form 2 B - l m - 5 , ' e l ( Β 9 6 » 5 · ) β 9 1 5 

FIG. 3. A form on which may be recorded preliminary microscopic findings, and 
which may be used to indicate the type of additional examinations that might be 
required as the result of scanning the different anatomical systems involved. (For 
forms of special data sheets pertaining to the different etiologies or type of examina
tion, see Steinhaus and Marsh, 1962.) 



16. B A C K G R O U N D F O R D I A G N O S I S O F I N S E C T D I S E A S E S 573 

direct chemical assay if poisoning is involved; or a histopathological 
identification if a neoplasm or certain other nonmicrobial disorders are 
involved. O n the other h a n d the ancillary examinat ions may be of a 
complex and time-consuming na tu re requir ing detailed techniques, tests, 
and methods. 

T h e laboratory tests of pr incipal importance in the diagnosis of an 
insect disease may be grouped as follows: 

(1) Microscopic examination of tissues and fluids for recogniz
able pathogens. Most protozoa, nematodes, and parasitic insects, and 
certain bacteria, fungi, and viruses with inclusion bodies can be 
recognized as to genus, or comparable group, by direct microscopic 
observation. In the case of virtually all nematodes and parasitic in
sects, and most protozoa, we are dependent u p o n the microscope even 
for species identification. Microscopic recognition of pathogens is 
aided by the use of differential stains, by different types of microscopy 
(ordinary light, phase contrast, fluorescent, etc.), and by adequate de
scriptive l i terature and taxonomic keys per ta in ing to the group of 
pathogens concerned. T h e electron microscope is also a useful tool 
in identifying microbial agents, especially viruses. Those viruses which 
produce inclusion bodies, can be identified as to the general g roup 
to which they belong (polyhedrosis viruses, granulosis viruses, etc.) by 
ordinary light microscopy, bu t further morphological recognition of the 
viruses themselves requires electron microscopy. 

(2) Cultivation of pathogens. Inasmuch as most bacteria, many 
fungi, and some protozoa cannot be identified as to species by direct 
microscopic observation, it is frequently necessary to cultivate and 
grow the pathogens in cul ture media of various kinds in order to study 
them in greater detail. By cult ivating these microorganisms we are 
able to examine them in larger numbers , unde r controlled conditions, 
and in different stages of their life cycles. Numerous methods of cul
tivating microorganisms have been devised, including artificial media 
of different kinds and composition. Of course, one can also use living 
insects and tissue cultures for this purpose. Indeed, many pathogens, 
especially the viruses and most entomopathogenic protozoa, grow only 
in living tissues. 

(3) Infectivity tests. Merely observing a microorganism in the tis
sues of a diseased insect, or isolating one by cul ture techniques, does 
not necessarily prove it is a pa thogen or the cause of the par t icular 
disorder unde r consideration. Performing an infectivity test in a sus
ceptible insect (preferably of the same species as the one under diag
nostic study) will provide considerable evidence in this direction. Such 
a procedure is especially helpful when confronted with new or un-
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recognized pathogens, or with microorganisms of quest ionable patho
genicity. I t is a technique, along wi th those already discussed, which 
can be used to help furnish unequivocal proof of a suspected causal 
relation between a given microorganism and a par t icular disease. In 
other words, it is a par t of the well-known Koch's postulates devised 
by the German bacteriologist Rober t Koch (1843-1910). 

Koch's postulates may be expressed as follows: 

1. T h e microorganism must be present in every case of the disease. 
2. T h e microorganism must be isolated in p u r e culture. 
3. T h e microorganism in pu re cul ture must, when inoculated into 

a susceptible animal , give rise to the disease. 
4. T h e same microorganism must be present in, and recoverable 

from, the experimentally diseased animal. 

If these steps are carried out with positive results, the evidence im
plicating the microorganism as the causative agent of the disease may 
be considered as virtually conclusive. T h e r e are situations, however, 
in which these steps cannot be followed or can be followed only with 
great difficulty. For example, viruses (those which do not produce 
visible inclusion bodies) cannot be seen in the tissues of the infected 
insect by ordinary methods of light microscopy, and some entomogenous 
bacteria, fungi, and protozoa, as well as viruses, have not yielded to 
artificial methods of cultivation. However, there are ways of circum
venting each of these postulates and at the same time satisfying the 
basic idea beh ind the formulated chain of evidence required by Koch. 

Infectivity tests also are useful in determining the host range of a 
pathogen, in distinguishing one pathogen from a closely related one 
(thus the host specificity of two viruses that appear to be identical may 
distinguish them upon completion of cross-infectivity tests using their 
respective original hosts), in making available various stages in the life 
cycle of a pathogen, and, in the case of those pathogens that mult iply 
only in living cells, infectivity tests yield as a by-product a supply of 
the pathogen. 

(4) Serological tests. T h e use of serological methods in the diag
nosis of the diseases of insects (i.e., serodiagnosis) has had only l imited 
use. T h e r e is no inherent reason why this should be the case, at least 
as far as the identification of pathogens is concerned. T h i s is an area 
of diagnostics that needs serious at tent ion and undoubtedly has nu
merous applications. T h e methods and procedures used are essentially 
the same as those used in other disciplines in which the identity of 
pathogens is determined by serological methods. 

In the mat te r of using the blood plasma of insects to detect the 
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presence of specific pathogens, the si tuat ion is qui te different. Al
though there are some claims as to the formation of antibodies in 
the hemolymph of insects, most of these require confirmation. At least 
it would appear that, in general, the same k ind of antibodies (i.e., 
agglutinins, precipitins, complement-fixing antibodies, etc.) as those 
found in vertebrate animals may not be found in insects. Perhaps it 
is a mat te r of improving our techniques, bu t enough work has been 
done to indicate that fundamental differences do exist. So far, how
ever, most of the mechanisms for humora l immuni ty in insects appear 
to reside in antibody-like bacteriolytic, bactericidal, and bacteriostatic 
substances in the hemolymph. Some of these substances can be in
creased in the animal through immunizat ion, others cannot. Some are 
more-or-less specific, others are not. I n any event there is much we 
have to learn about this aspect of insect life. 

(5) Blood studies. W e have just remarked on the l imited role 
played by the hemolymph in the immuni ty of insects and as a tool in 
serological techniques. T h e cellular elements (hemocytes) of the blood, 
on the other hand , may play a more impor tan t par t in diagnosis. Blood 
studies may be carried out dur ing the course of the disease, or just 
pr ior to the insect's death. They may also be accomplished at the 
t ime of dissection when a physical examinat ion is being made of the 
anatomical systems of the animal . 

Examinat ion of the blood includes the study of (1) its volume, 
(2) its color, (3) its turbidity, (4) the effect of exposure to air on 
the hemolymph, (5) the presence or absence of microorganisms in the 
hemolymph, (6) the presence or absence of phagocytosis, (7) giant cell 
formation, (8) differential hemocyte (blood cell) count, and (9) the total 
hemocyte count. [In some cases it is also desirable to determine the 
reaction (pH), specific gravity, and other physical and chemical attri
butes of the blood.] T h e first four of these items can usually be 
determined macroscopically; the fifth usually requires a microscope, at 
least if some idea of the na tu re of the microorganism is desired; the 
last four always require the use of a microscope. 

(6) Biochemical tests. Again we are forced to call a t tent ion to an 
area of diagnostic insect pathology that stands in need of more re
search and study—the use of biochemical and biophysical tests to aid 
in the laboratory diagnosis of insect diseases. T o a considerable ex
tent greater progress than is now being made could be realized by the 
more effective applicat ion of those biochemical methods now used in 
the clinical diagnosis of diseases of vertebrates. 

Diagnostic biochemical tests may be r u n on tissue fragments and 
fluids in wet-mount preparat ions, and on histological sections at a 
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microscopic level, or in test tubes and on whole mounts at a macro
scopic level. 

As in clinical medicine, the day has long since passed when chem
ical examinations of the blood, tissues, and body fluids from a diseased 
insect are exclusively the duties of analytic chemists in research lab
oratories. For the insect pathologist practicing diagnostics, the appli
cation of chemistry to examinations of diseased insects should soon 
progress to the point where such methods become a par t of his daily 
rout ine. 

(7) Special techniques. Modern technology and ins t rumenta t ion 
present the diagnostician with a constantly changing front as far as 
methodology is concerned. New and bet ter ways of doing things are 
brought to his a t tent ion almost daily. At times the flood of new 
methods and new instruments almost overwhelms him. For example, the 
introduct ion of the use of tracer elements, tissue-culture methods, ultra
sonics, electrophoresis, specialized photography, microspectroscopy, phase, 
fluorescent, and electron microscopy, caused impor tan t revolutions in 
methodology. From the simple refinement of culture methods and mi
croscopy to the separation of cell constituents for biochemical and bio
physical analyses and the use of radioactive isotopes, there is scarcely a 
technique that does not change, evolve into something better, or become 
replaced. Entirely new approaches also come on the scene from time to 
time, and the way must be made for them. These , too, become par t of the 
methodology used in making the ancillary examinations to help provide 
the facts that must be collected in order to make a diagnosis. 

4. Observations of Course of Disease 
In addi t ion to taking the history of the disease, making the physical 

examinat ion, and the ancillary examinations, there is another very 
impor tant exercise by which the diagnostician can collect facts upon 
which to base his diagnosis. H e can observe, with care and scientific 
scrutiny, the course of the disease as it progresses. H e can begin his 
observation at the time he receives the afflicted insect; or if several dis
eased specimens are before h im he may follow the progress of the dis
ease in several, including that individual in the earliest stage of the 
illness; or he may, if the malady is an infectious one, transmit the 
etiological agent to healthy insects and follow the disorder in these 
individuals from beginning to end. T h e variat ion in the course of 
infectious diseases is sometimes expressed by the formula 

T h e course of the disease is modified as V and R change. 
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It is sometimes of interest and importance to study presymptomatic 
disease as it may occur in insects. T h i s may be accomplished by se
lecting apparent ly healthy individuals from a group of afflicted insects, 
or by t ransmit t ing the agent of a disease to healthy individuals, and 
examining these for presymptomatic evidences of disease. Sometimes 
the insect pathologist accidentally discovers or recognizes, in supposedly 
healthy insects, abnormali t ies of s tructure or function that may form 
the basis of a subsequent disease. Principally involved in such dis
coveries is the ability of the pathologist to be knowledgeable of and 
to recognize the precursors or early stages of disease, and to be able 
to associate these early stages with the fully developed form. More
over, the pathologist must be aware that one type of disease may be 
the precursor of another; a gut polyhedrosis may give rise to tumor
like growth, a metabolic disturbance may trigger a latent virus infec
tion, an accumulat ion of protozoan or bacterial spores in certain parts 
of an insect's body may cause mechanical dysfunctioning of vital parts 
of the body. As the pathologist develops his ability to recognize the 
precursors of disease, he develops his ability to render presymptomatic 
diagnoses; his talents in render ing so-called "early diagnoses" are also 
enhanced. 

As a disease unfolds before the insect pathologist, he must keep 
an open m i n d and be willing to change his opinions and conceptions, 
and his pre l iminary diagnoses, in the light of new developments. H e 
must also avoid the tempta t ion to make the new facts fit into his earlier 
conception or diagnosis. H e should keep accurate progress notes for 
eventual integrat ion in to all the other data he has gathered. 

W h e n possible, the pathologist should follow the course of the dis
ease by observing both externally and internally the changes that 
occur. H e can afford to do this if he has a sufficient n u m b e r of insects 
to permit h im to sacrifice one or more specimens at varying intervals 
dur ing the progress of the disease, assuming that the disorder begins 
at the same stage and proceeds at approximately the same rate in all 
specimens. If only a single sick specimen is at hand, the choice of 
following the disease for awhile or unt i l death, or of sacrificing the 
specimen in order to proceed with the laboratory diagnosis, is admit
tedly a difficult one. Only good judgment based on experience can 
dictate the answer. 

B. The Analysis of Facts Collected 
So far, in our discussion, we have been concerned with collecting 

the facts upon which a diagnosis may be based. But this is only half 
the matter! Equally impor tan t is the business of analyzing and evalu-
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ating the facts collected. Some of this analysis is of a subjective na tu re 
influenced by the experience, training, and the reasoning and memory 
capacities of the mind. T h e reasoning processes involved in making 
a diagnosis are complex, and must be integrated by the diagnostician 
with a large reservoir of knowledge of diseases one of which may be 
the one being considered. I t has been said (see Clendening and Hash-
inger, 1947) that " the most bri l l iant diagnosticians of my acquaintance 
are the ones who do remember and consider the most possibilities." 
Sometimes something akin to in tui t ion or a "feeling" about a disease 
plays a par t in rendering or arriving at a final diagnosis. N o mat ter 
how objective one tries to be, the h u m a n equat ion may be impor tan t 
if for no other reason than that a factor of judgment is so frequently 
involved. I t is good to remind oneself that diagnoses are usually missed 
because the physical signs are not recognized, the laboratory examina
tion is done incorrectly, and because sometimes we do not th ink and 
evaluate correctly. 

In spite of the fact that the personal qualities of the diagnostician 
are involved in making a diagnosis, there are a number of steps and 
principles that may be followed to provide reasonable assurance that 
a correct diagnosis will be reached. Let us consider them briefly. 

1. Critical Evaluation of Collected Data 

Obviously, any critical evaluation of the facts collected will, to a 
great extent, depend u p o n the accuracy and care with which they were 
collected. If the history were obtained from one with little experience 
at scientific observation, the diagnostician would probably place less 
reliance on it than he would if the history were secured from an ex
per imental entomologist or from a fellow pathologist. 

I t behooves the diagnostician to refrain from pronouncing a final 
diagnosis unt i l he has collected all the facts reasonably possible. Some
times this is not easy either because of the tempta t ion to br ing a 
long and arduous examinat ion to an end, or because of pressures brought 
to bear by the submit ter for a quick diagnosis. Many entomologists who 
are used to having a colleague look at an insect and identify it, have 
a tendency to assume that identifying a disease or its causative agent 
can be accomplished with similar speed. Al though some disorders can 
be diagnosed within a few minutes, others take considerably longer— 
several days perhaps, and some require several weeks of laboratory tests 
before a diagnosis can be completed. Therefore, the pathologist should 
see that the person desiring the diagnosis understands the necessity, 
at times, for some delay in report ing out a diagnosis. T h i s is one reason 
why in our own laboratory we send the submit ter a card upon receipt 
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of the specimens caut ioning h im that because some diagnostic tests 
require considerable time, it may be a while before a final report can 
be sent to him. H e is assured, however, that he will receive a diagnostic 
report as soon as these tests have been completed and analyzed. 

A "crit ical" evaluation of the collected facts should be critical. 
T h e i r reliability should be ascertained. T h e i r intrinsic significance 
should be determined. T h e role of stressors and predisposing factors 
should be ascertained. Each fact or set of data should be evaluated in 
relat ion to the insect's total illness. T h e results of a test early in the 
course of the disease may have different significance from those ob
tained later on. Critical evaluation of physical findings and laboratory 
tests must be made against a background of knowledge of the funda
mental na tu re of disease processes as they occur in insects. 

2. Listing of Reliable Findings 

Proceeding with the analysis of the facts collected, the diagnostician 
will find it helpful to list all of his reliable findings in the order of 
their apparen t importance. H e may first, however, list them as they 
occurred or in the order in which they appear in his notes or records. 
As an example, let us again use one of the afflictions of the silkworm; 
and let us assume we have a g roup of 25 or so affected larvae. As 
we observe them over the course of several days we find the following 
macroscopic signs and symptoms: 

Loss of appet i te 
Sluggish movements 
Slow growth into irregular sizes 
Dark-brown to black spots on in tegument 
Silk inferior in strength and uniformity 
Frequent ly die before pupa t ing 
In ternal organs (fat body, silk glands, Malpighian tubes, etc.) 

opaque-white in appearance 
Silk glands distended, forming tumorl ike pustules 

3. Selection of Principal Features 

Each of the findings should be evaluated separately before all of 
them can be arranged in the order of their importance. For instance, 
perhaps the loss of appet i te results from providing the insect the wrong 
k ind of food, or perhaps food (in this case mulberry leaves) that is too 
dry for ingestion; the sluggish movements could reflect abnormally low 
temperatures. Symptoms such as loss of appeti te , sluggish movements, 
and death before pupa t ion , are nonspecific at t r ibutes of many diseases, 
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and hence would ordinari ly be placed low on the list. T h e rearranged 
list may appear as follows: 

Dark-brown to black spots on in tegument 
Slow growth into irregular sizes 
In ternal organs opaque-white in appearance 
Silk glands distended, forming tumorl ike pustules 
Silk inferior in strength and uniformity 
Sluggish movements 
Frequently die before pupa t ing 
Loss of appeti te 

T h e first four items on this list are indicative of a protozoan infection. 
Indeed the first i tem is, at times, virtually a pathognomonic symptom of 
the microsporidian disease pebrine. However, before making a defini
tive diagnosis, it behooves the diagnostician to proceed with a micro
scopic examinat ion of the diseased silkworms. 

A microscopic examinat ion of the milky-white or opaque-white 
organs and tissues will reveal a n u m b e r of impor tan t signs and pathol
ogies of diagnostic value. T h e histopathology, for example, will be 
characterized by cells of the affected tissue having enlarged cytoplasmic 
areas a l though the nucleic are relatively normal in appearance. Most 
impressive perhaps will be the fact that the cells are filled with hyaline, 
oval "corpuscles." Indeed, merely crushing the affected tissues (or even 
the entire insect) will at once reveal the presence of large numbers of 
these bodies. T h e trained or experienced pathologist will undoubtedly 
recognize them wi thout any difficulty as spores of a microsporidian, 
a l though in wet-mount preparat ions they may sometimes be confused 
with yeasts, hyphal bodies, or large bacterial spores. Proper staining 
procedures, and the demonstrat ion of a polar filament will usually 
el iminate this confusion. But recognizing that the tissues are filled 
with microsporidian spores does not end the matter . T h e protozoan 
must be identified as to species, if possible. Inasmuch as pebr ine is 
already suspected from an evaluation of the macroscopic symptoms, the 
logical procedure would be to make a direct comparison of the micro
sporidian with the known cause of pebrine, Nosema bombycis Naegeli, 
or with an adequate description of the pathogen. W h e n the identity of 
the microsporidian found in the diseased insects has been confirmed, 
one is then in a position to make a final diagnosis, which in this case 
is the microsporidiosis of the silkworm, commonly known as "pebr ine ." 

T h e case just presented is admittedly a ra ther simple, perhaps over
simplified, one. But it is only fair to acknowledge that, with experience, 
a capable diagnostician may take shortcuts to arrive at a definitive 
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diagnosis. Frequently he will recognize a revealing, convincing , and 
pa thognomonic symptom which will enable h im to make a reliable 
diagnosis. Or, he will proceed at once to look for and identify the 
responsible pathogen. Nevertheless, basically he follows the principles 
we have been out l in ing in this chapter. 

So let us re turn to a consideration of the remaining steps (actually 
already indicated in the preceding discussion as far as pebr ine is con
cerned) to be taken in an analysis of our data. 

4. Listing of Possible Diseases 

If, after having recorded and listed the symptoms, signs, and pathol
ogies, a diagnosis is not readily apparent , the next step is to consider 
all the diseases possibly represented by these symptoms and signs. In 
the case at hand , we could list such maladies as pebr ine , other micro-
sporidioses, flacherie, flaccidiform dysentery, early muscardine, and 
others. But, as already indicated, the example we have chosen is ra ther 
clear cut and, especially after a microscopic examinat ion, confusion 
with other diseases becomes a remote possibility. 

I t is impor tan t that the ease with which a disease like pebr ine can 
be diagnosed does not lull us into the belief that all diseases may be 
identified with similar facility. Far from it, as we shall poin t out later. 
In these more difficult instances the r i tual of listing the disease which 
might possibly explain the syndrome and general pathological picture 
becomes an extremely impor tan t pa r t of the process of analysis. 

5. Selecting the Single Disease 

W h e n the diagnostician has before h im his list of all possible diseases 
suggested by his list of symptoms and signs, he has arrived at the 
critical poin t in his analysis. I t is the point which calls for the most 
analytical, exacting, and careful judgment . I t is the poin t at which he 
must endeavor to rise as much as possible above the level of the 
"shrewd guess" which admittedly stands in reserve as a last resort. 

W h e n a definite entomogenous pathogen is present in large numbers 
in the tissues of the insect, the designation of the disease can usually 
be made u p o n the identification of the pathogen. W i t h viruses, most 
protozoa, nematodes, and insect parasites, this usually is the case. How
ever, with many of the fungi and bacteria it is not always such a simple 
matter . For example, the isolation of a coliform bacter ium from the 
body cavity of an insect may or may not mean that it was the cause 
of a pr imary septicemia. I t could well be that the bacter ium was a 
secondary invader to some other condit ion or some other, less obvious 
infection. T h u s , coliform bacteria are frequently found in the hemo-
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lymph of insects suffering from or dead of granuloses, and in insects 
that have undergone an environmental stress. Sphaerostilbe fungi may 
grow on and cover scale insects weakened by adverse environmental 
factors or previously weakened with- a strictly internal chytridiosis. 

Selecting the single disease that best explains all the facts is, of 
course, a contradict ion in terms when the insect is actually suffering 
from more than one malady, or when predisposing factors are of basic 
or critical importance. As he examines his lists of symptoms and possi
ble diseases, the diagnostician must keep this possibility and the inter
relationships between different diseases in mind . H e must consider that 
an obvious fungus disease could cover a more slowly developing pro
tozoan infection. A nuclear polyhedrosis could be so spectacular in 
its effects that the destructive effects of an insect parasite could be over
looked. Poisonings, metabolic diseases, and genetic disorders could pro
duce symptoms and pathologies submerged by or blended with those of 
microbial infections of all types. Double infections with the same types 
of pathogens (e.g., granulosis and polyhedrosis viruses, nuclear and 
cytoplasmic polyhedrosis viruses, two different species of bacteria) have 
been reported, bu t their dual na ture in many cases is probably commonly 
overlooked. (See also Chaper 11, Volume I of this treatise.) 

W h e n an insect appears to present two or more sets of symptoms, 
an a t tempt should be made to separate the related features accordingly. 
In other words, two or more analyses should be made. Th i s may result 
in two or more diagnoses—primary, secondary, tertiary, etc., diagnoses. 
Or, it may simply be two different manifestations of what can be in
corporated into a single diagnosis. O n the other hand , especially when 
determining the cause of death, care must be taken that the signs of 
a minor disease or abnormali ty prevent one from giving full importance 
to evidence that the critical morbidi ty and mortal i ty was in fact caused 
by another disease. In such cases it is wise to a t tempt to explain most 
or all of the manifestations of a malady on the basis of a single pre
dominan t disease. T h e manifestations of a secondary disorder must not 
be allowed to confuse the main picture. T h e extent to which a second
ary or concomitant disorder must be acknowledged in the diagnosis 
varies considerably and is a mat ter of accurate interpretat ion of the 
facts combined with good judgment . In all of this, however, the im
portance of predisposing causes and the interrelat ionship of different 
diseases may be remembered. 

At the completion of this step a final diagnosis may be rendered 
(Fig. 4). Regardless of the findings and the definitiveness of the diagnosis, 
a report (Steinhaus, 1951) should always be made to the submitter . T h e 
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DIAGNOSIS 

Date diagnostic examination begun Date completed 

Date receipt card sent Signed by How sent.. 

Preliminary diagnosis: 

Tentative diagnosis: 

By: 

FINAL DIAGNOSIS 

By: Confirmed by:. 

Material referred to Date 

Date report sent to collector or submitter How? By 

Additional specimens needed? Kind needed? 

Disposition of material 

Microscope slides or photographs 

New record? New pathogen? New host? New area?. 

Previous record or reference (if not common) 

Published? Reference 

Department of Insect Pathology 
University of California, Berkeley 
UC D I P Form l B - 5 c - 4 , * e i ( B 9 3 1 5 s ) 9 1 3 8 

FIG. 4. A form depicting the manner in which the diagnosis may be recorded. 

A brief statement as to the reasons for the particular conclusions reached should 

be included in the entry under "Final Diagnosis." 
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essential form and na tu re of this report has been discussed by Steinhaus 
and Marsh (1962). 

6. Diagnostic Index 

In laboratories that handle a large number of diseased specimens 
for diagnostic purposes, some type of index or catalogue is a most useful 
guide to perfecting a diagnosis. Such an index segregates items of etiol
ogy, symptomatology, gross pathology, histopathology, physiopathology, 
and methodology as they relate to diagnosis. I t lists, and ties in to the 
l i terature, every type and variety of symptom, sign, and pathology known 
to occur in insects. As such, it is an integral par t of a diagnostic lab
oratory. T h e diagnostician, in the course of examining the submit ted 
specimens or in the process of rendering a diagnosis may, with such an 
index, at once determine whether a symptom, sign, or pathology with 
which he is concerned has been previously reported and how much is 
known about it. H e may also ascertain any special methodologies that 
might assist h im in making a diagnosis. T h e diagnostic index may be 
constructed in a manne r similar to a card file as used in a library. 
Using s tandard 3 χ 5-inch cards, the index may be periodically revised 
and kept constantly current. 

T h e feasibility of using mechanical, electromechanical, and electronic 
data processing systems is readily apparent . Punch-card systems as well 
as magnetic-tape systems are applicable depending u p o n the require
ments of the diagnostician and the type of use which the diagnostic 
laboratory wishes to make of the information stored. Because, depend
ing on the circumstances, a considerable amount of manua l intervention 
may be required to control and execute the processes involved, it is 
likely that if the reliable, bu t slow, l ibrary card system is not used, the 
punch-card system will be found more practical than the more auto
mated magnetic-tape system. Another practical filing system when the 
n u m b e r of items to be filed or sorted is not too great is that using 
notched or punched cards of various sizes, according to the amount of 
information it is necessary to file. Rods or needles are used to locate 
the par t icular cards needed, or to sort the cards. T h e McBee keysort 
punch-card system is an example of such a system commonly used for 
indexing and classifying data and information. W h e n the scope and 
detail of the information increases to a great amount the McBee card 
data may be incorporated into a punch-card format of the IBM type. 

7. Use of Computers 

I t is perhaps obvious that chance or probabil i ty enters in to the 
formulation of a diagnosis. If an insect has disease A, the chances are 



16. B A C K G R O U N D F O R D I A G N O S I S O F I N S E C T D I S E A S E S 585 

good that it will have symptom A—but such a conclusion is not a cer
tainty. Perhaps 75, 80, or 90 insects out of a h u n d r e d will have a 
par t icular symptom when suffering from a par t icular disease; bu t rarely 
will 100 out of 100 show the identical symptom in an identical way. 
And the reverse is likewise true. A certain syndrome cannot in itself 
mean a specific disease with absolute certainty, bu t it can serve as a 
basis for the most likely diagnosis. Probabil i ty usually works in favor 
of the most common disease that will satisfactorily explain all the find
ings, even when several a l ternate diagnoses are possible. ("Common 
things most commonly occur.") For instance, the most common cause 
of white opacity of the abdomen of mosquitoes is the accumulat ion of 
spores in the tissues and body cavity of larvae afflicted with a micro-
sporidiosis. If the diagnostician made a diagnosis of microsporidiosis 
in every such case coming to his a t tent ion he would probably be right 
90 percent of the time. However, before arriving at a definite conclusion 
(prior to rnicroscopic examinat ion, of course) he should consider the 
probabil i ty of its being a Coelomomyces infection, or a ciliate infection. 
Moreover, even though among the "Don' ts for Diagnosticians" medical 
men list "Don ' t be too clever" and "Don ' t diagnose rarities," in insect 
pathology, it behooves the diagnostician to bear in m i n d the rarities, 
especially when confronted with a difficult diagnosis. Many of the dis
eases of insects are not well known, and what today is a rarity, tomorrow 
may be common. 

Unfortunately, scarcely ever are specific probabili t ies known—even 
in the intensively studied diseases of man, let alone the diseases of in
sects. Rarely are numerical values associated with the occurrence of 
signs and symptoms; words such as "frequently," "usually," "almost al
ways," and "occasionally" are common substitutes for mathematical 
precision in this area. I t is entirely possible, however, to collect and 
use precise statistics. 

Inasmuch as diagnosis does involve the mat te r of probabil i ty it is 
not surprising that medical diagnosticians have, in recent years, been 
giving increased a t tent ion to the statistical and mathematical approach 
to diagnosis. Especially is there increased interest in the use of com
puters as an aid to diagnostic processes. T h e computers can be of 
simple or complex types, depending on the needs. They may consist 
of a set of hand-sorted cards, to mechanical computers, u p to large 
digital electronic computers. T h e use of electronic computers in insect 
pathology to help collect and process disease information, and to help 
in making diagnosis, is a present possibility and should be considered 
from a research s tandpoint and from the s tandpoint of eventual prac
tical application. Th i s is not to imply, however, that today's computers 
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are about to take over the duties of the diagnostician in the field of 
insect pathology. T h e computer is a tool of the diagnostician, not the 
diagnostician the tool of the computer—at least at the present writing. 
Nevertheless, there is little question that the collective knowledge of the 
diseases of insects could be integrated in a single ins t rument and en
riched at a rate impossible for a single brain. T h e pathologist could 
then transmit to central electronic files a record of the symptoms, signs, 
and pathologies of an insect, and receive a repor t indicat ing the disease 
consistent with these manifestations. 

T h e role of computers, and the reasoning processes inherent in med
ical diagnosis have been considered by Ledley and Lusted (1959) and 
others seeking to ascertain the reasoning foundations of diagnostics. 
According to these authors, diagnosis involves processes that can be 
systematically analyzed, as well as those characterized as intangible. 
They feel that since the reasoning processes are susceptible to precise 
analysis, errors from this source can be eliminated. According to Ledley 
and Lusted, the most likely diagnosis is determined by calculating the 
condit ional probabil i ty that an animal presenting a certain symptom 
complex has each of the possible disease complexes unde r consideration. 
Th i s probabil i ty depends upon two factors: (1) T h e condit ional proba
bility that an afflicted animal (they l imited their discussion to humans) 
with a certain disease complex will have a par t icular symptom complex. 
(2) T h e effect on the diagnosis of the circumstances sur rounding the 
sick animal—i.e., the geographical location of the popula t ion sample, 
the season when the sample was taken, whether or not the sample was 
taken dur ing an epizootic, etc. 

Considering the role of probabil i ty in diagnosis, one must keep in 
mind, as pointed out by Ledley and Lusted in the case of humans , 
that an impor tan t factor in making a diagnosis is the total probabil i ty 
that the afflicted insect has the disease complex in question, irrespective 
of any symptoms. As we ment ioned earlier in connection with taking 
the history, knowledge of such matters as climate, geographical location, 
season of the year, presence or absence of epizootics in the general area, 
etc., all enhance the probabil i ty of render ing the correct or most logical 
diagnosis. O n e must also bear in m i n d that there are certain limita
tions in the statistical approach to diagnosis; these are largely concerned 
with the absence of uniformly reliable diagnostic criteria for defining 
symptoms, signs, and pathologic states. Moreover, the rate at which 
data and knowledge are made obsolescent by new advances requires a 
constant revision of statistical analyses and conclusions. 

One of the results of miniatur izat ion in electronics has been the 
development of computer units of small dimension bu t of enormous data-
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handl ing capacity. Such units make it possible to have central stations 
for storing epizootiological, symptomatological, and pathological data, 
all correlated with specific diseases. Computer diagnosis thus becomes 
a practical reality for individual well-equipped laboratories. T h e value 
of computers as aids to diagnosis will become ever more obvious as 
the volume of knowledge in insect pathology increases, as it extends to 
ever more species of ar thropods, and as it exceeds the grasp of the 
h u m a n bra in . 

8. Review of Evidence 

T h e analysis of collected facts can best be completed by re turn ing 
to the list of findings and reconsidering each in the light of the diagnosis 
that appears to be the most probable. If a single diagnosis does not 
account for all the pr incipal signs and symptoms, may those that do not 
per ta in be ignored? Perhaps a revised diagnosis or two diagnoses are 
called for. Jus t how significant are the symptoms that do not appear 
to contr ibute to the diagnosis? Are they normal variations? W h a t 
about negative findings—symptoms or signs one might expect to find, 
bu t did not, if the diagnosis is correct? 

An effective method of reviewing the data, observations, and evi
dence u p o n which one has based his diagnosis is in consultation with 
other insect pathologists. A diagnostic conference in which the partici
pants have different technical backgrounds, different pathology ex
periences, different approaches to the study of disease in insects, will 
probably be the most profitable. After a vigorous exchange of view
points, it is reassuring if one's diagnosis is generally confirmed; chal
lenging if it is not. In the final analysis, however, a responsible diag
nostician, after carefully considering the opinions of his colleagues, 
makes his own decision. If this review of the evidence confirms his 
diagnosis, well and good; if not, he is obliged to reanalyze the evidence 
he has, or seek new data, or both. In any event he must not close his 
m i n d to the value of new evidence and the significance of new data. 

Finally, the entomologist or person who submit ted the diseased in
sect for diagnosis has the prerogative of rejecting the diagnosis as it 
pertains to the disease, especially when the diagnosis is based entirely 
upon laboratory findings. H e has this right not because he is more 
expert in the study of disease than the insect pathologist (naturally he 
usually is not) , bu t because when considered in the light of the occur
rence of the disease in na ture , the changes, contaminat ion, and secondary 
infections which may have taken place while the insects were en route 
to the diagnostic laboratory, and the addi t ional information that may 
have been obta ined in the meant ime—when considered in the light 
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of these variables and influences, the laboratory diagnosis may not be 
representative of the malady as the submit ter knows it. T h e diagnosis 
in reality pertains only to the insect or the sample actually examined. 
T h e following case is an example: Unknown to the Farm Advisor a 
certain field of alfalfa was treated with an insecticide. H e happened 
to observe that the alfalfa caterpillars in the field were dying in large num
bers. H e gathered some that were only slightly affected, and sent them 
in for diagnosis. En route the crowded insects developed a nuclear poly
hedrosis, and this was reported as the diagnosis. In the meant ime the 
submit ter learned that a chemical insecticide had been applied to the 
field and was responsible for the high mortal i ty among the caterpillars. 
Latent virus infection in the insects became active under the effects of 
the stressor of crowding, bu t this disease was not responsible for the 
mortali ty that had been observed in the field. 

Most of what has been covered in this chapter with regard to the 
diseases of insects may apply equally well to the diseases of invertebrates 
generally. 
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