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Tropical medicine includes not only those diseases which are
peculiar to the tropies but a large number of diseases which are
highily prevalent in temperate climates. It is true that there are
diseases which are common in temperate climates and which are ap-
parently absent or extremely rare in the tropies and the reverse of
this is also true. We are concerned in this review with a group
known as the ‘‘Filterable Virus and Rickettsia’’ diseases, and for
the most part these affections are found both in temperate climates
and in the tropies and are in no way pecullar to the former or the
latter with the possible exceptions of one or two diseases which will
be deseribed later. 1t iz interesting to note that most of the dis-
eases of this group do net differ in this respect from definite bac-
terial diseases, many of which are common both to temperate and
fropieal climates.

It is the purpose of this review to make a survey of the filterable
virus diseases of human beings which are present in the tropies with
particular emphasis upon what is known concerning the etiology of
these conditions. It must be remembered, however, that the human
diseases which fall into this field represent only a fraction of the
total number of diseases now classified as filterable virus in origin.
Various plants, lower animals, insects, fowls and fish are affeeted
*by diseases of filterable virus origin. Indeed, aceording to d’Herelle
% hacteria may also be affeeted by a filterable virus as demon-
gtrated by the phenomenon of bacteriophagy. This question, however,
is still open to debate. In all, the writer has recently collected data
on nearly seventy diseases of man, animals, plants, insects, fowls

1 Thig is the first of u series of eight articles on Filterable Virus and Ricketteia diseases.
Other articles will appear in subsequent issues of the Review. This article and subsequent
apers of this series are taken from a momnograph on this subjeet mow in press (Philippine
Journal of Science).
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and fish which fall into the category of filterable virus and rickettsia
diseases. A detailed and comprehensive treatment of cach of these
diseases will appear shortly in a separate monograph **. TFor a erit.
ical analysis of the field the reader is referred to a recent work om
this subject edited by Rivers™ and to a recent paper by Mae
Callum *#,

‘What is a filterable virus disease? What is a filterable virus?
How do filterahle virus diseases differ from well known diseases of
bacterial origin? THHow do the filterable viruses differ from bae-
teria? Is immunity the same in the filterable virus diseases as in
bacterial diseases? Are the virus diseases transmitted in the same
manner as baeterial diseases? Are the epidemiological aspects of
the filterable virus diseases the same as other diseases? How do the
virus diseases differ from each other? These are only a few of the
gquestions which modern investigations are trying to solve. Within
the last few years the suject has become more or less speecialized.
Indeed one large University has established a chair in its medieal
school for the study of virus diseases. New impetus and interest
has developed in this field as a result of reecent discoveries and will
continue to develop as other new disecoveries are made. Tt is to be
lamented, however, that many diseases of unknown etiology have
been placed in the category of virus diseases, in many instances, upon
meager scientific data. Indeed the field has offered a convenient
waste basket in which to throw those diseases, the causes of which
are unknown, and much time and labor will he necessary to extricate
and reclassify some of these according to fundamental seientific
facts.

HISTORICAL: AND GENERAL
Definition:

Loeffler in 1898 defined a filterable virus as ‘‘the virus of an in-
fections diseases which is so small that it will pass through the pores
of a DBerkefeld or Chamberland filter. An ultramicroscopic virus
is a virus which is too small to be seen with a microscope. Tt is
most diffieult to formulate a definition of a virus which will fit even
the meager faets known about viruses today and at the same time
provide a concept for hypothetical viruses of which we know prac-
tically nothing. Undoubtedly we all have a mental coneept or mind
picture of what we consider a virus. We may adhere tenaciously
to the belief that all viruses are living agents or particulate units
or we may consider the vast majority of viruses in this light and
recognize the further possibility that viruses may exist in an un-
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organized state. We may even be willing to admit of the possibility
that some viruses are non-living. The facts are that we do not
know the exact nature of many so-called viruses and we do not pos-
sess enough accurate information to enable us to make a decisive
statement in the matter. We have impressions, ideas. and theories;
we have personal convictions based on experience, experiment, logie
and reason; but with regard to many filterable viruses, the great
majority in fact, we lack both cultural and morphological data and
our information is essentially limited to the relation of these viruses
to external physical agents. What then should be our attitude in
defining a virus? Future studies in the field of the filterable viruses
or protobiology may lead to startling discoveries and the nature of
these minute structures, when it is definitely known, may alter some
of our most fundamental theories of life and evolution. Suffice it
to say that in the light of our present knowledge we helieve the state-
ment is justified that at least one type of virus {perhaps all types)
may be defined as a living particulate agent which may be capable of
inducing disease. In this sense we may recognize living particulate
agents which are both pathogenic and nonpathogenic and include in
this definition bacteria, protozoa, the filterable viruses, ete. In ad-
dition to this group we are further willing to admit of the pos-
sibility of the existence of a group of unorganized agents which may
or may not cause disease. In this group we should place poisons,
both chemical and animal, toxins, enzymes, ete., and any other hypo-
thetical disease-producing substance or substances which, at present,
are part of the great unknown and do not form part of our knowl-
edge.

The term ‘‘virus’’ is an old one and originally it was derived
from the Latin, meaning peoison. Time has modified our understand-
ing of the oviginal translation of this word. Several ‘‘virus terms’’,
have been in common usage sinee the latter half of the nineteenth
gentury such as ‘‘virus animatum’’, ‘‘dehumanized virus'’, ‘‘human-
ized virus’’, ‘‘virus fixé’’ and ‘‘street virus’’, with all of which the
student is familiar. Some of these terms are little used today. Other
words have been compounded with the term virus such, for example,
as ‘‘viruliferous’’ (L. virus (poison) and ferre (to bear); hence the
definition ‘‘eonveying or produecing a virus or infective germ’’).
} Still another term more recently introduced into the literature is
} “virueidal” or ‘‘virucide’’ (virus (poison) and L. caedere (to kill)
f
l

and is defined as ‘‘destructive to virnses.”
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History:

In 1659 and 1675 a Jesuit, Kircher, and a contemporary, van
Leeawenhoek, a Duteh linen-draper, invented the simple microscope.
These two men were undoubtedly the first to see living cells too
small to be seen with the naked eye. From all available records
there remains little doubt that these men actually saw bacteria.
Whether the imaginations of these two pioneers ever rested upem
the possibility of living agents still smaller than those seen with their
microscopes, or the compound and ultramieroscopes which were to
come later, will always remain a matter of conjecture. We do know,
following the invention of the microseope and the discovery of these
minute living beings by Kircher and van Leeuwenhoek, the march
of events in the science of bacteriology was very slow. It was not
until 1762 that Plenciz wrote of the possible relation between bacteria
and disease although the conception of ‘‘contagion’’ had been written
of by philosophers for hundreds of years prior to that date. History
records the fact that nearly two hundred years elapsed between the dis-
covery of bacteria by Kircher and van Leeuwenhoek and the discov-
ery by Pollender® in 1849 of the anthrax bacillus which was the
first baeterium to be proved definitely to be the etiological agent in
an infectious disease.

It is a matter of record, however, that in 1804, forty-five years
before Pollender discovered the anthrax baecillus, Zinke had studied
the filterable virus disease of Rabies in dogs and demonstrated the
infectiousness of the saliva although this disease was not trans-
mitted to rabbits by artificial inoculation until the experiments of
Galtier in 1879. The method of immunization perfected by Pasteur
during the next few years is one of the landmarks of medical history.

Before bacteriology then was established as a science investigators
were concerned with the study of at least one disease which we now
classify with the filterable virus diseases. While bacteriology in
general has widened its frontiers to almost undreamed-of limits in
many directions, comparatively small progress has been made in the
study of the filterable viruses. The beginning of the study of filter-
able viruses is usually given in texts at a later date than that men-
tioned ahove. The foundation of this study is usually dated from
1886 when Loeffler and Pfeiffer © demonstrated minute bodies in the
lesions of smallpox which they thought resembled protozoa. Shortly
after in 1892, Iwanowski® when studying mosaic disease of tobaeco,
found that filtrates of this material remained active for several months
and this work is usually considered the eorner stone of the study-
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of filterable viruses. The work of Iwanowski was independently
confirmed by Beljerinek® in 1899, who advanced the theory of the
possible existence of a ‘‘contagium vivam fluidum’’. During the
preceding year KFrosch and Loeffler 1®* demonstrated the filterable
nature of the virus of Foot and Mouth disease in cattle, Sinece that
time the study of the filterable viruses has developed in increasing
importance and many discoveries have been made which will be
diseribed in this series of papers. Briefly some of the more im-
portant landmarks in the study of this group of viruses, since the
work of Frosch and Loeffler in 1898 on Foot and Mouth disease, set
down in chronological order are as follows: In 1903 Negri' de-
eribed the bodies which now bear his name, in the eentral nervous
system of animals dying from rabies; the same year Borrel * demon-
strated minute granules, which stain with Loeffler’s stain, in sheep
pox (so-called sheep-pox hodies); in 1907 Prowazek' demonstrated
the so-called trachoma bodies in the epithelial cells of the conjunectiva
from cases of this discase and during that year published a review
of filterable virus diseases up to that time; Heyman ** in 1909, de-
monstrated ‘‘inclusion bodies’” in a form of conjunctivitis present
at birth known as conjunetivitis neonatorum; Linder ™ during the
same year differentiated this disease from gonoblenorrhea showing
that there might be two diseases, one due to a filterable virus—the
other to the gonococcus. During 1908 Landsteiner and Popper *®
succeeded in transferring policmyelitis to two monkevs from spinal
cord emulsion taken from human cases which had died of the disease
and demonstrated that the virus is filterable. This work was later
confirmed by Flexuner and Lewis *°.

Tn 1911-12, Rous'?'® demonstrated the filterahle nature of a
sarcoma of chickens, a monumental piece of work which attracted
attention again in the work of Gye and Barnard ' in 1925. In 1913
there were several important contributions to the filterable virus field,
Flexner and Noguchi *® suceceded in eultivating the virus of polio-
myelitis; Noguehi and Cohen ** deseribed the eultivation of minute
bodies deseribed by Prowazek as occurring in trachoma; Rocha
Lima ** demonstrated the filterable nature of the causative agent in
Verruga peruviana, or peruvian warts, thought to represent a later
phase of the disease known as Orova fever. The interpretation of
this work, however, may have to be modified in the light of more
recent work by Noguchi®® (1927) which appears to have established
the true eticlogy of this disease. And finally during the same year
Lipschiitz 2* published a complete survey of the entire subject of
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filterable viruses and presented a list of forty-one diseases affecting
man and animals in which the filterable nature of the causative
agent was established with more or less certainty. In 1915-1917 we
find the work of Twort * and d’Herelle > on the subject of bacterio-
phage. Up until 1918, yellow fever was thought to be due to a
filterable virus and tempovarily at least this became quite doubtful
when in that year Noguchi?® described the leptospira icteroides as
the cause of this disease. In view of the recent work of Sellards?s
on this subjeet we are again in doubt regarding the etiology of Yellow
Fever and for the time being at least we have included it in this
review, In 1919 Strauss and Loewe *® ¢laimed to have demonstrated
and cultivated a filterable virus as the cause of epidemic encephalitis.
This work, however, has not received confirmation. Levaditi, Harvier
and Nicolau *® have alsg deseribed a filterable virus as the cause of
this disease but researches of other investigators as well as our own
182 have shown this virus to be closely identified with the virus of
herpes, if indeed it is not the same. During 1920, 1921 and 1922
appeared the work of Olitsky and Gates* describing Bacterium
prewmosintes as the causative agent in epidemic influenza. More
recent years have seen the development of the work on the Rickett-
sias, diverse studies on the various inclusion bodies in attempts to
correlate the mass of work on this subjeet; and lastly the eultivation
of the causative agent of trachoma, the transmissibility in series of
the experimental eonjunctival disease and the recovery of the miere-
organism from the experimental lesions by Noguchi ®* in 1927.

Ultrafiltration:

Filterable viruses, so we have seen by definition, are so designated
because they are small enongh to pass through the pores of a Berke-
feld or Chamberland filter. The sole requisite, then, for an agent to
be so classified, is for it to pass through one of these filters. It must
be pointed out in the beginning that filtration is only a matter of
gradation. There is no sharp dividing line and it has been said
“like diffusibility, filtration is only a relative concept.’”’ There are
gseveral kinds of filters used in the study of filterable viruses but
there are none free from ohjection, In the first place the technieal
habits of the investigator in the use of these filters is of great im-
portance when results are to be analyzed and evaluated. Pressure,
whether sunction or force pressure, time of filtration, the dilution of
the material to be filtered, its viscosity, the amount of solid matter
present, the reaction of the material, the possible variation in size
of the virus at the time of filtration—all are important factors which
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should be taken into consideration. Add to these factors the fact
that each filter, whether made of poreelain, diatomaceous earth, eol-
lodion, asbestos, plaster of Paris or any other substance, differs from
other filters, made of the same materials even though it is only slight
in degree,—then the margin of safety is even much less, when the
investigator attempts to interpret his results.

Aside from the mechanical objections already pointed out there
are two factors which should be emphasized: (1) New filters vary
each from the other, and (2) control filters are most essential in the
interpretation of results. If these two points were always kept in
mind the results of filtration experiments would be exceedingly more
convincing. For example the spirochaetes which Wolbach 5 passed
through a Berkefeld filter are not regarded as filterable viruses be-
eause it is believed that due to their flexibility this type of organism
may be pulled or sucked through the tortuous pores of the filter.
Wherry ** has shown that an organism which causes a form of
pneumonia in guninea pigs and which measures .5 to .7 of a micron
may pass through a Berkefeld filter; von Msmarch ** has passed
spirilla through a Chamberland filter while Borrel ** has succeeded in
passsing water flagellates through artificial filters. It is possible,
however, that cultures of organisms such as have been mentioned
above may contain forms, some of which are extremely minute in
size, either as a natural condition in the life eycle of the organism
or as an abnormally dwarfed form existing as a result of heredity
or environment. Recent work on filterable forms of Bacillus {uber-
culosis by Calmette and Valtis 3, Mellon and Jost *°, Potter ** and
others: recent investigations on filterable forms of Beactllus pestis
by Burnet **; on filterable yeasts by Lewis ' and the discovery by
Noguchi ** of a filter-passing virus obtained from Dermacentor ander-
soni, all lend support to this concept. Undoubtedly the gradations
brought about by the filters now available are not fine enough and
reports of filterable forms of bacteria which have never heretofore been
classified with the filterable viruses give rise to many forms of specu-
lation. Encouragement may be found, however, in the recent work of
Kramer ** on bacterial filters and of Zinsser and Fei-Fang Tang ** in
their studies in ultrafiltration. Kramer has shown that by preparing
a filter of caleium carbonate and magnesium oxide of positive elec-
trical charge, bacteria, viruses and colloids used in his test may be
withheld though these agents readily pass through filters made of
siliceous material carrying a negative charge. Zinsser and Fei-Fang
Tang have attempted to arrive at the relative size of several dif-
ferent. substances by filtration at a known pH through graded filters
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prepared of collodion. The results of these experiments show an order
of magnitude of the various substances tested as follows: Crystallized
ege albumen; erystallized serum albumen; trypsin; collargol;
casein; bacteriophage; Rous sarcoma, and herpes virus; and lastly
arsenic trisulfide. These results, as pointed out by Zinsser and Fei-
Fang Tang do not agree with the work of Levaditi and Nicolau *®
and Levaditi, Nieolau and Galloway ** in that these investigators
found that the virus of foot and mouth disease was filterable through
membranes whieh held back trypsin. On the other hand the work
of Zinsser and Fei-Fang Tang agrees favorably with the measure-
ments made by Olitsky and Boez ™ for the virus of foot and mouth
disease.

Our own observations ** have been that well controlled experi-
ments with collodion membrance filters are very difficult. For ex-
ample, particles of bacteriophage are for the most part absorbed
on to the membrane though it is possible to recover the active prin-
ciple by successive feedings of the filtrate with the susceptible or-
ganism, thus showing that some of the bacteriophage passed the
filter although a substance like hemoglobin was withheld.

" The size of these minute virusges is important without doubt and
at present there is no way in which to arvive at their approximate
size except through comparison with other known substances. Far
more important, however, is their nature, their life e¢ycle, the meth-
ods of cultivating them and the study of their functional aetivities.
These are all problems for the future since for- most of the filterable
viruses none of these things are known. Rawlins® in writing re-
cently of research on viruses camsing plant diseases calls attention
to the work of Mines ™ who has shown that the addition of eertain
protective proteins to colloidal gold may cause the latter to exhibit
properties characteristic of proteins. In this respeet Rawlins sug-
gests that it is possible that protective colloids and other factors in
the complex plant extract may so modify the properties of a virus
as to give an erroneous impression of its real nature. Zinsser and
Fei-Fang Tang clearly recognize this possibility in their experiments.
Rawlins in his view of the field of virus diseases of plans suggests
several lines of stndy such as selective adsorption, treatment with
microorganisms, precipitation, cataphoresis, centrifugation, sedi-

mentation and dialysis suech as have been employed by Sherman,
Caldwell and Adams?®! in their attempt to isolate enzymes. Some
of these methods have already been used in the study of filterable
viruses eausing human diseases though the possibilities have by mno
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means been exhausted. Inaetivation by methods similar to that
used by Johnson-Blohm * in reactivating rennet is also suggested by
Rawlins.

In the end we inevitably return to our conception of filtration
which is praetically our sole eriterion in the classification of these
agents. Contrary to general thought Bronfenbrenner and Mucken-
fuss ** have recently shown that filters hecome more permeable the
longer they are employved in a given operation. Filtering a strain
of bacteriophage and its suseeptible organism over long periods of
time these authors demonstrated that while in the beginning the
active principle passed the filter in a certain concentration, free
from bacteria, after prolonged filtration the susceptible microbe itself
passed the barrier. More recently there have been several attempts
to employ animal membranes in vive in filtration experiments, In
our laboratory we have attempted filtration experiments with a
strain of bacteriophage through the normal barrviers of the central
nervous system "". The bacteriophage was injected into rabbits in-
traspinonsly and recovered from the blood stream of the animal at
a later period. Baecteriophage introduced into the animal intraveno-
usly could not be demonstrated in the spinal fluid. Le Fevre de
Arrie ** has shown that certain dyes, such as methylene blue, trypan
blue, neutral ved, and certain drugs such as potassium iodide, uro-
tropin, ete., exert a favorable influence upon the fixation by the
eentral nervous system of certain neurotropic viruses such as the
virus of herpes and of rabies, presumably acting upon the vascular
endothelium of the meninges. Grasset * injected gravid rabbits and
guinea pigs with a filtrate of colon bacillus bacteriophage and demon-
strated the presence of the bacteriophage in the maternal blood
though it was absent in the fetal bilpod. Evidently baeteriophage
does not traverse the placenta and differs from antitoxin in this
respect thongh toxins and anatoxins are also withheld,

Theories concerning the nature of filterable viruges:

When considering the theories concerning the nature of the filter-
able viruses one of the first. questions which arises is whether thesc

agents are animate or inanimate or whethier some of them are living
substance and others non-living. At present it is impossible to make
a preémptory statement concerning this question which will apply
to the entire gronp of viruses. Doubtless there are few who would
question the living nature of the virus of rabies, of poliomyelitis, of
herpes, of hog cholera, of rinderpest, of smallpox and a host of
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others, but there are many, for example, who have questioned the liv-
ing nature of the bacteriophage.

Life (L.vita) is loosely defined as an aggregate of vital phe
nomena; a certain peeuliar stimulated eondition of organized matter;
that ebscure prineiple whereby organized beings are peculiarly endowed
with ecertain powers and functions not associated with inorganie
matter. One of these funetions, and perhaps the most fundamental
of all, is reprodunction. For if there were no reproduction life wonld
cease to exist after a time. Closely following in importance the power
of reproduction which is possessed by living things eomes adaptation.
Living things have the power in general of adapting themselves to
their environment. It they did not possess this power they would
die. Still another funetion of living beings is respiration. FEven
bacteria respire and theiv respiration can be measured quantitatively
by the methods deseribed by Novy, Rhosm and Soule ™, by Bron-
fenbrenner ° and McKinley and Coulter **. These then are ail fun-
damental considerations and while there are many others, sueh as
the assimilation of food, the power of locomotion, sensitiveness to
external agents such as light, heat, chemicals and cold, ete.—these
are the most important. There can be no question that most of the
filterable viruses possess the power of mulitiplication and no further
cominent is neeessary in this regard. Upon this point has hinged
our coneeption of the bacteriophage for the past ten years. There
are still many who will admit that increase in number of bacterio-
phage particles takes place under certain conditions but who do not
recognize its living nature.®® Both bacteriophage and herpes virus
are suseeptible to the destruetive action of ultra violet rays vet this
eriterion is not sufficient to determine the living nature of these
agents since enzymes are also destroyed by this form of energy.™

Filterable viruses possess the ability to adapt themselves to their
environment, otherwise they would cease to exist. To be sure, like
all living things, they are frequently modified in the process of un-
dergoing adaptation as, for example, the modification of rabies street
virus when passed through rabbits. That the filterable viruses as-
similate varions elements for the purpose of surviving and reprodue-
ing their kind is indicated in the few successful experiments on
cultivation in artificial media, as for example the virus of vaccinia
and possibly that of poliomyelitis. Furthermore it is well known
that this group of agents is suseceptible to external changes brought
about by chemicals and changes in temperature, although in general
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they appear to be more resistant than ordinary bhacteria in this
regard.

The state of being of the filterable viruses meets fully our defini-
tion of life. They are, beyond peradventure, endowed with certain
powers and functions not associated with inorganic matter. Having
the power of reproduction or multiplication, the funetion of adap-
tation, suseeptibility to physical and chemical agents, ahility to as-
similate food in artificial culture media, can there be doubt that
they are living beings? To be sure it has not been demonstrated
that filterable viruses respire though this may be due to the lack of
a suitable method fine enough in its technique to permit demonstra-
tion of what may be an extremely small interchange of oxygen and
carbon dioxide.

It was first suggested by Beijerinek * in his study of the mosaie
disease of tobacco that a possible ‘‘econtagium fluidum vivam’’ might
exist. Simon * has suggested another term in his ‘‘econtagium inani-
matum’’. These two concepts are diametrieally opposed to each
other as regards the living nature of the *‘contagiwm’ but both
suggest in their meaning that the filterable virus may exist in a
chemical form. There is no direct evidence to support this concept
though the theory is of great interest.

A coneept which is quite wide-spread is that the filterable viruses
exist as filterable or ultramicroscopic forms of baeteria and perhaps
in some cases as protozoa. The physicist regards them as particulate
beings which have up to the present been undemonstrable hecause
of the lack of suitable optieal instruments with which to see or
photograph them. The particulate nature of a few viruses has been
demonstrated, especially those whieh have undergone artificial culti-
vation. The suseeptibility of herpes virus to ultravielet light is also
suggestive of this while in the case of the bacteriophage actual parti-
tion has aetnally been aceomplished by d'Herelle *° by Bronfenbren-
ner and Korb® and in our own experiment.®* It has been sug-
gested by many investigators that the filterable viruses are more
resistant to external agents than bacteria because of adsorption of
the filterable agent upon protein aggregates or viee versa thus in-
troducing the concept of protective eolloids.

Opinion is divided regarding the significance of the so-called cell-
inclusion bodies such as trachoma hbodies, sheep-pox bodies, the in-
clusions of herpes, Negri bodies of rabies, vaccine bodies, intranuclear
inclusions in visceral disease deseribed by von Glahn and Pappen-
heimer °®, the cellular inelusion in the salivary glands of guinea
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pigs, Kurloff bodies in guinea pigs, and others. It is quite evident
that these bodies for the most part are uniformly present and as-
sociated with many virus diseases. Prowazek! in 1907 suggested
the name ‘‘ehlamydozoa’ for this group of ‘‘cell-inclusion bodies?”’,
a term derived from the Greek meaning “‘cloak’’ and ‘‘animal’’ and de-
fined as protozoa consisting of a cell surrounded by material secreted
by the invaded cell. Reference has already been made to the theory
that Negri bodies are in reality protozoan in nature. Lipschiitz?
has suggested another term ‘‘strongyloplasma’ for this group of
bodies, a term also derived from the greek, meaning ‘round’ and
‘to mold’ hence the definition ‘‘to mold round’’. Ome school of
thought considers these bodies as representing the virus proper, either
singly or in groups, while another helieves them to he simply the
reaction products of the cell massed together and capable of taking
stains by which they are demonsirated. The inclusion bodies will
be considered in detail in a paper devoted to this subject.
Classification of filterable virus diseases:

The filterable virus diseases represent one of the most diffcult
groups of diseases to classify. This is partly due to the faet that
riew developments in their study necessitate frequent modification
but chiefly diffieult because of our lack of exact knowledge concern-
ing many of them. They cannot be classified according to the pa-
thologic changes they produce because in many instances the pa-
thology is unknown, as for example in Dengue fever. They cannot
be classified according to bacteriologic or protozoan criteria for so
little is known of their nature. They cannot be grouped according
to transmission because the method of transmission in many instances
is doubtful or unknown. They cannot be classified from the cy-
tological point of view for as Cowdry *® has stated ‘‘The inclusions
themselves, oceurring as they do not only in man and many verte-
brates, but also in certain insects and plants, are characterized by
great diversity. For this reason generalizations are difficult to make,
and are often stultified by the number of qualifications and excep-
tions which must be noted.”” Further, Rivers® in an abstract of his
review on filterable viruses states: ‘‘it ean be said that they exhibit,
when eompared one with another, a diversity of characteristies equal
to, if not greater than, that exhibited by ordinary bacteria and
other known forms of life”’.

In 1912 Wolbach ** published a chart of the diseases presumably
caused by filterable viruses. In his tabulation Wolbach attempted
to set down the transmission as well as the occurrence of the disease
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but in many instances the transmission was not known to be either
direct or indireet. While Rivers® does not offer his table of filter-
able viruses as a classification, he has attempted to correlate the
known facts in the grouping of filterable virus diseases and his table
is exceedingly interesting.

Probably the most general classification of this group of diseases
can best be made upon the basis of host susceptibility. This factor
is quite generally known and in grouping the diseases according to
their occurrence the finer known characteristics of the viruses may
be taken into account and upon these points the place of each par-
ticular disease in the grouping may be determined. A classification
of the human diseases follows: '
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