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Tropical medicine includes not only those diseases which arc 
peculiar to the tropics but a large number of diseases which are 
highly prevalent in temperate climates. It is true that there are 
diseases which are common in temperate climates and which are ap ­
parently absent 01' extremely rare in the tropics and the reverse of 
this is also true. W e are concerned in this review with a group 
known as the " F ilter able Virus and Rickettsia" diseases, and for 
the most part these affections are found both in temperate climates 
and in the tropics and arc in no way peculiar to the former or the 
latter with the possible exceptions of one or two diseases which will 
be described later. It is interesting to note that most of the dis­
eases of this group do not diffe r in this respect from definite bae ­
terial di seases, many of which are common both to temperate and 
tropical climates. 

It is the purpose of this revicw to make a survey of the filterable 
virus diseases of human beings whieh are present in the tropics with 
particular emphasis upon what is known concerning the d iology of 
these conditions. It must be remember ed, however , that the human 
diseases which fall into this field represent only a Iraction of the 
total number of diseases now classified as filterable virus in origin. 
Various plants, lower animals, insects. fowls and fish are affected 

• by diseases of filterable	 virus ori gin. Indeed, according to dHerelle 
2", bacter-ia may also be affected h,\' a filtera ble virus as demon­
strated by th e phenomenon of baet eriophagy, 'l'h is question, however, 
is st ill open to debate. In all, the writer has recently collected data 
on nearly seventy diseases of man, animals, plants, ins ects , fowls 

'%Th is i" th e fir st of u ~ cr it ~!'l. or t 'i~ht nr t ic·!t'ri on F' iltor uble Yinn, and Rickettsia. diseases. 
Other nrt ir-Ios will 1I1I rH' :l r in ~Uhfl,(~Clu ('nt. houmr F. uf th e Rev iew . tfhls article a nd subsequent 
pupt-r's of this H'rit's ure taken trom 3. monneraph on t hi s tmhject now in press (Philipp'no 
Jouruu! or S(:i(~lIc t! ) . 
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awl fish which fall into ' the category of filterable virus and rickettsia 
diseases, A delaih'(l ami comprehensive treatment of each of these 
diseases will appear shortly ill a separate monograph "". For a crit­
ical analysis of t he lipId the reader is referrerl to a recent work on 
this xuhject (~dited by Rivcrs" and to a recent paper by Xlae 
Callum 4, 

"That is a Jilterahle "vir us disease? What is It filterable virus Y 
How do filterable virus diseases differ f'rom well known diseuses of 
haetor-ial origin 7 TIow do the filterable viruses differ from bac­
teria '! Is immunity the same in the filterable virus diseases as in 
bacterial diseascs ? Are the virus diseases transmitted ill the SIlIIIC 

manner as bacterial discases ! .Are the epidemiological aspects of 
t he filterable virus diseases the same as other diseases '! How do the 
virus diseases differ from each other '! These are only a few of the 
questions which modern iuvcst igat iou« are tl'ying' to solve. Within 
the last. few years the sujeet has become more 01' less specialized. 
1n<1('('(1 one large University has established a chair in its medical 
school for thl' study 01' vi rus diseases, New impel III' and intel'el't 
has developed in this field as II result of recent discoveries find will 
continue to develop as other new discoveries are II iade, Tt is to be 
lamented, however, that many diseases or unknown etiology have 
been placed in the eategory of virus diseases, in many instances, upon 
meager scientific data. Indeed t.he field has offered a convenient 
waste basket in which t.o throw those diseases, the causes of which 
are unknown, and much time and labor will be necessary to extricate 
and reclassify some of these according to fundamental scientific 
facts, 

IIIS'l'OItIC.-l.L AND GENER,\L 

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 Berkefeld or Cbmnberland filter. An ultramicroscopic Virus 
is a virus which is too small to he seen with a microscope, It. is 
most difficult to formulate a definition of a virus which will fit even 
the meager facts known about viruses today and at 1he same time 
provide a concept for hypothetical viruses of which we know prac­
tically nothing, Undoubtedly we all have a mental concept or mind 
picture of what we consider It virus. We may adhere tenaciously 
to the belief that all viruses are living agents or pnrticulate units 
or we may consider the vast majority of viruses in this light and 
recognize the further possihility that viruses may exist ill an un­
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organized state, ~Ve may even be willing' to admit of the possibility 
that. some viruses are non-living. 'I'he facts are that we do not 
know the exact nature of many so-called viruses and we do 1101. pos­
sess enough accurate information to enable lIS to make a decisive 
statement in the matter. \Ve have impressions, ideas. and theories; 

we have personal convictions haserl on experience, experiment, logic 
and reason i but with regard to man." filterable viruses, the great 
majority in filet. we lack both cultural H1U} mor-phological data and 
our information is essentially limited to the relation of tlu-se viruses 
to external physical agents. Wh» t t hen should he OUl' attitude in 
defining' a virus t F'uturo studies ill the field of the filterable virusea 
or protohiology lIla,\' lead to startling d iseoveries and the nature of 
these minute structures. whell it is definitely known, may alter some 
of our most fundamental theories of life and evolution . 811mN~ it 
to sa,'" that in the light of our present knowledge we believe the state­
ment is justified that at least. one type of virus (perhaps all types) 
may he 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, etc. In ad­
dition to this group we are further willing to admit of the pos­
sibility of the existence of a grou p of unorganized agents which may 
or may not cause disease. In this g'l'Ollp we should place poisons, 
both chemical and animal, toxins, e~zymes, etc., and any other hypo­
thetical disease-producing- substance or substances which, at present, 
are part 01' thp 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' poison. Time has modified OUI' understand­
ing of the original translation of this word , Several "virus terms ", 
have been in common usag-e since the latter half of the nineteenth 
century such as "virus animatum ", "dehumanized virus ", "human­
ized vinls", "virus fixe" and "street virus", with all of 'which the 
student is familiar. Some of these tenus arc little used today. Other 
word" have been compounded with the term virus such, for example, 
as "viruJifel'Ous" (L. virus (poison) and ferre (to hear); hence the 
definition "conveving 01' producing a virus or infective germ"), 
Still another term more recently introduced into the literature ill 
"virueidet " or "virucide" (virus (poison) and L, caedere (to kill) 
and is defined as "destnll:tiYe to Yi"URe.<;." 
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History: . 

In 1659 and 1675 a Jesuit, Kircher, and a contemporary, van 
Leeuwenhoek, 11 Dutch linen-draper, invented the simple microscope. 
'I'hese 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 upon 
the possibility of living agents still smaller than those seen with their 
microscopes, or the compound and ultramicroscopes which were to 
come later, will always remain a matter of conjecture. We do know, 
following the invention of the microscope and the discovery of these 
minute living beings I,S 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 "an Leeuwenhoek and the diseov­
ery by Pollcnder 6 in 1849 of the anthrax bacillus which was the 
first bacterium to he proved definitely to he the etiological agent in 
an infectious disease. 

It is a matter of record, however, that in 1804, forty-five years 
before Pollendel' discovered th e anthrax bacillus, Zinke had studied 
the filterable virus disease of Rabies in dogs. and demonstrated the 
infectiousness of the .saliva although this disease was not trans­
mittcd to rabhits hy artificial inoculation until the experiments of 
Galtier in 1879. 'I'he method of immunization perfected by Pasteur 
during the next few years is one of the landmarks of medical history. " 
• Before bact eriology then was established as a science in vsstigators 

were concerned ,,·hlt the study of at least one disease which we now 
classify with the fllterabla virus diseases. While bacteriology in 
general has widened its frontiers to almost undreamed-of limits in 
many directions, comparatively small progress has heen made in the 
study of the filterable viruses. "TIle beginning of the study of filter­
able viruses is usually given in texts at a later date than that men­
tioned above. 'I'he foundation of this study is usually dated from 
1886 when Loeffler and Pfeiffer t : demonstrated minute bodies in the 
lesions of smallpox which they thought resembled protozoa. Shortly 
after in 1892, Iwanowski S when studying. mosaic disease of tobacco, 
found that filtrates of this material remained active for several months 
and tllis work is usually considered the corner stone of the study 
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of filterable viruses. The work of Iwanowski was independently 
confirmed by Beijerinck 0 in 1899, who advanced the theory of the 
possible existence of a "contagium vivum fiuidum". During the 
preceding year Frosch and Loeffler 10 demonstrated the filterable 
nature of the virus of Foot and Mouth disease ill cattle. Since that 
time the study of the filterable viruses has developed in increasing 
importance and many discoveries have been made which will Ill.' 

diserihed in this series of papers. Briefly SOme of the more im­
portant landmark!': 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 a1'(' as follows: In l!)O~ Negri 11 de­
eribed the bodies which now bear his name, in the central nervous 
system of animals dying from rabies: the same year Borrel " demon­
strated minute granules, which stahl with Lo~filer's stain, in sheep 
pox (so-called sheep-pox bodies); in 1907 Prowazek I demonstrated 
the so-called trachoma bodies in the epithelial cells of the conjunctiva 
from eases of this disease and during that year' published a review 
of filterable virus diseases up to that time; Heyman ,:1 in ]909, de­
monstrated "inclusion bodies" in a form of conjunctivitis present 
at birth known as conjunctivitis neonatorum; Linder 14 during the 
same year differentiated this disease from gonoblcnorrhea Rhowing 
that there might be two diseases, one due to a filterable virus-s-the 
other to the gonococcus. During 1908 Landsteiner 1111(1 Popper 15 

succeeded in transferring poliomyelitis to two monkeys from spinal 
cord emulsion taken from human cases which had died of the disease 
and demonstrated that the 'v ir us is filterable. 'I'his work was later 
confirmed by F'lexuer and Lewis I". 

Tn 1911-12, HOllS 11 IS demonstrated the filterable nature of a 
sarcoma of chickens, a monumental piece of work which attracted 
attention' again ill the work of aye and Barnard 10 inl~12ii. In 1918 
there were several important contributions to the filterable virus field, 
Flexner and Noguchi so succeeded in cultivating the virus of polio­
myelitis; Noguchi and Cohen 21 described the cultivation of minute 
bodies described by Prowazek as OCCUlTing in trachoma; Rocha 
Lima ~2 demonstrated t he filterable nature of UI(' causative agent in 
Verruga poruviana, or perm-ian warts, thought to represent It later 
phase of the disease known us Oroya fever. The interpretation of 
this work, however, may have to be modified in the light of more 
reeent work by Noguchi 2~ (1927) which appears to have established 
the true etiology of this disease. And finally during the same year 
Lipsehiitz 2. published a complete survey of the entire subject of 
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fllterabh. viruses and presented a list of forty-one diseases affecting 
man and animals in which the filterable nature of the causative 
ageut was established with more or less certainty. In 1915-1917 we 
find the work of Twort 25 and d 'Herello 26 011 the subject of bacterio­
phage. Up until 1fJ18, yellow fever was thought to he due to It 

filterable virus and temporarily at least this became quite doubtful 
when in that year Noguehi 2, described the leptospira ieteroides as 
the l'anse of this disease. Tn view of the recent work 01' Sellards 28 

on this subject we arc again in doubt regarding the etiology of Yellow 
Fever and for the time being at least we have included it in this 
review. In 1HHl Strauss and Loewe 29 claimed to have demonstrated 
and cultivated a flltcrahlo virus as the cause of epidemic encephalitis. 
'I'hls work, however, has not received confirmation. Levaditi, Harvier 
and Nieolau "? have also described a filterable virus as the cause of 
this disease hut re~earch('s of other iuvestigators as well as our own 
81:12 have shown this virus to be closely identified with the 'lints of 
herpes, if indeed it is not the same. During 1920, 1921 and 1922 
appeared the work of Olitsky and Gates :t" describing Bacterium: 
pnewmosinl cs as the causative agent ill 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 
eorrulate the mass of work on this subject ; and lastly the cultivation 
of the causative agent of trachoma, the trnnsmissihility in series of 
the experimental conjunctival disease and the recovery of the micro­
organism from the experimental lesions by Noguchi 3t in 1927. 

Ultrafiltration: 

Filterable viruses, so we have Seen by definition, are so designated 
because they arc small enough to pass throug-h the pores of a Berke­
fehl or Chamberland filter, 'fhe sole requisite, then, for an agent. to 
he so classified, is for it to pass through one of these filters. ' It must 
be pointed ont ill the beginning that filtration is only a matter of 
gradation, Therc is no sharp dividing line and it has been said 
"like diffusibility, filtration is only a relative concept." There are 
several kinds of filter's used in the study of filterable viruses but 
tller'l~ a re none frce from objection. In the first. place the technical 
habits of the in vostigator in the use. of these filters is of great im­
poi-tanee when results are to he analyzed and evaluated. Pressure, 
whether- sunction or force pressure, time of filtration , the dilution of 
the material to he 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 fa ctors which 

____________1
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mould be taken into consideration. Add to these factors the fact 
that each filter, whether made of porcelain, diatomaceous earth, col­
lodion, asbestos, plaster of Paris 01' any other substance, differs from 
other ~lters,. made of the SUlDe 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 
mterpretation of results. If these two points were always kept in 
mind the results of filtration experiments would be exceedingly more 
eonvineiug. For example the spirochaetcs which 'Volhach s:; passed 
through a Berkefeld filter are not regarded as filterable viruses be­
eause it is believed that due to their flexihil ity this type of organism 
may be pulled or sucked through the tortuous pores of t.he filter. 
Wherry 30 has shown that an organism which causes a f01'111 of 
pneumonia in guinea pigs and which measures .5 to .7 of a micron 
may pass through a Berkefeld filter , von Esmarch 37 has passed 
spir-illa through a Chamberland filter while Burrel 3~ has su cceeded 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 arc extremely minute in 
size, either as a natural condition in th e life cycle of the organism 
or as an almormully dwarfed form exist ing as a result of heredity 
or environment. Recent work on filterable forms of Bacillus tuber­
culosi« bv Calmette and Valtis 30. ' 1lellon and .lost ~ O , Potter ~3 and 
others; re cent invesr igutions Oil filtera ble Forms of Bacillus pestis 
by Burnet ~ 3; on filterable yeasts by Lewis II and the discovery by 
Noguchi ~ r. of a filter-passing virus obtained from Dermacentor ander­
soni, all lend support to this concept. Undoubtedly the gradations 
brought about hy 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 '" 011 bacterial filters and of Zinsser and Fci-Fang Tang 17 in 
their studies in ultrafiltration. Kramer IIlIS shown that by preparing 
a filter of calcium 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 mater-ial 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 . Th e "t'sn}fs of th ese exper-iments show an order 
of magnitude of th e vnr ious S II list an ees tes ted as follo ws : Cry stall ized 
egg alb ume n j cryst all ized ser um alb umen : t rvpsin ; eollargol , 
casein ; ba eteriophage : Rous sa rcoma, and herpes virus : an d lastly 
arsenic t ri su ltidc. 'fhpse result s, (IS point ed out by Zinsser and Fei­
F ang' 'rang do not agree wit h th e work of L enu]iti and Nieolau is 

and Levaditi, N icolau 111111 Halloway l~ in that these in vestigators 
found that th e vi ru s of fo ot and mouth disease wa s filte ra ble through 
rnemh ranes whi ch held hack t rypsin. On t he oth er hand the work 
of Z i.ll ~st'r awl Fei-Fang Tang agrees I av orahlv with th e measure­
ments made by Olitsky aud Boez :.lJ 1"01' th e virus of foot and mouth 
disease. 

Our own ohservatious >' have been that well controlled exper i­
ments with collodion membranes filt ers are wry difficult. For ex­
ample, part iclc-, of hnctcriop huge 1I1'P Ior thl' most part absorbed 
OIl to the iueru braue though it i:-; possible to recover 1he aetive prin­
ciple by successive feedings, of th e filtrate wi th t he susceptible 01'­

ganisru. th us showing t ha t som e of the bact eriophage pa ssed the 
filt er although a substance like hemoglobin W /IS withheld . 

The sb~(. of th ese min ute viruses is importa nt without doubt. and 
at prese nt there is no way in wh ich to arrive at t hei r ap p roximate 
size CXC('p t. th ro ugh com parison with other kno wn substances. Fur 
more impo rtant , however, is t he ir n atu re, their !iff' eyele, the moth­
od s of cu ltivating- th em aud the study of the ir I uuctiona l aetivities, 
Th ese arc all p roblems fo r the future since 1'01'. most. of t he filterable 
"irusl:'s 1I0ne of these t hing» are kn own . Rawl ins liZ ill wr iti n g re ­
cen tly of research on viruses caus ing plant d iseases calls attention 
to t he work of Mines r,:< \\'110 IHIS shown that the add iti on of certain 
'p rotcet ive proteins to collo id a l gold 111l1,\' cause t he latter to exhibit 
properti es eha ract erixt ie or pr otv in«. In this respect Ituwlins sug­
gests t hat it is possible that prote ctive colloi ds and other factors in 
the complex plant extract may so modify th e propert ies of CI virus 
as to give an erroneous impression of its real nature. Zinsser and 
F ei-Fang Tang clearly r ecognize th is possibility in t heir exper imen ts. 
Rawlins ill his vic\\' of th e field of virus di seas es of pl an s suggests 
several lines of study such as selective adsor pt ion, treatmeut with 
microorganisms , p]'e(~ip it a rion, eataph or esis, cent ri fugnt ion , sedi­

mentation and dialysis such as have heen employed h~' She rman, 
Cal dwell and Adams Ii . ill their attempt to isola te en zymes. Some 
of these methods have already been used in the study of filterable 
viruses cau sing human di seases though th e possi bil ities have ,by no 
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means been exhaus ted. Inact ivation hy methods simi lar to that 
used by Johnson-Blohiu G:; in rea ct ivat in g rennet is al so sug-gpsted hy 
Rawlins. 

In the en d we inevitably re tu rn to mil' conce p ti on of filtr a t ion 
which is pr ac t ically our sole cri te rion in th e class ificat ion of t hese 
ag en ts . Contrar y to gen eral thought Bronfenbrenner and )!ue}{en ­
fU SH · 

6 have recently shown tha t filtt'I's hecome more permeable th e 
longer th ey a re employed in a given operation, F'iltering 11 strain 

of hact er iophage and its s uscept ible organism 0"1'1' long per iods or 
tim e these aut hors demonstrated th at whil r; ill the heginuin g' t hp 
active principle passed th e filt e'r ill a eertuin coucent rat ion , free 
from bac teria, after prolonged tilt ration the susceptible microbe itself 
passed th e ba rrier. :'IIol'e recently there have been seve ral atlpmpts 
to e mp loy animal mcinbrunos ill vivo in lil trat ion expcriuicnts. In 

our laboratory II'C have attempt ed filtration expctiments with 11 

s trai n of bacteriophage through t 1](> 1I0l'II1a l haniel's of til(' cen t ral 

Jll'I'\,OIlS sy stem ".7, '1'hl' bacterio phage was injected into ruhhit s in­

traspin onsly and recover ed f rom t hI' hlnod s t1'1'11 111 of the un inia l at 
a Iater peri od. l{ad el'lopha ge iut re duced into tho a nima l int rn vr-no­
usly could not 1)(' demonst rated in t he spina l fluid . L(' I' evre de 

A r r ie " has shown t hat certain dyes. S \I(' !J as methylene blue. trypau 
hi lit' , noutra I rod , arid (0erta in drugs >;11(:h as pot assi um iod ide. 111'0­
trop in, etc.. ex ert a fuvora hle influ enco u pon the tixutio u hy t he 
central ne rv ous system 01' cert a in neu rot ro pic viru-es suc h as the 
v iru s of herpes and of rabies, prcsu mah lv act inu upon t he vaseular 
endot hel ium of the menin ges. Grus-ot :." in jected gru vid ruhhit s an d 
g'lIin ea pigs wit h a filt ra te of colo II bacil l us ba ct e r iopha ge a nd demon­

st r ate d th e p res ence of the bacteriophage in the muternal blood 
though it wa s absent ill thl' fet al blood . E,' id eJltly bacteriophage 
dol'S 1I0t t1'1\\'('1'",1' th e pla cent a and d iffp!".,; f'r oiu an t itoxin in this 
r espect t hough t oxins and unu toxin s HI'(' also withheld, 

Theories concerning the nature of filterable viruses: 

Wh en ('ollsi<!t'l'ing t he d\(:OI ies COllccI'II111 g the nature of. the filt er­
able viruses ())IC of th e first . qu est ions which arises is whether these' 
agents are au imut e 01' inanimate 01' whether some of th em are living 
substance and others non-living. At present it is impossible to ma ke 
a preemptory statement concerning this qu estion which will apply 
to th e entire g)'OUP of viruses. Doubtless there are f ew who would 
quest ion t he living nature of the vir us of rabies, 01' poliomyelitis , of 
herpes, of hog cholera , of rinderpest , of smallpox a nd a host of 
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ot he rs, hil t tll PI'P are ma ny , for ex ample, who have questioned the liv­
ing natur e of t he bact eriophage. 

Life (L .vit a ) is loosely defined as an aggregate of vital plre 

nomena , II certa in pec ul iar s tim ula ted cond it ion of organized mattor , 
t hat obscure pr incip le whereh v or gauized beings a 1'1' peculiarlv endowe d 
with certa in powers and func t ions 1I0 t ussoeint od with ino rganic 

matter , One of these functions , and pe rhaps th e 1I10st f unda mcutal 
of a ll , is ro p rod uc t ion, FOI' if t lwl'l' W PI'(' 110 repro duction li fe would 
cease t o exist 11 fter a t imo, C l o~·>l'1 r I ol lowirur in im port a nee 1he power 
of r ep rod uet inn wh ich is POSS('s";I,d hy 'living things comes adaptation . 

Living t hings haw th e pOWN in general of adapting t hemselve s to 
th eir environment. If thev d ill 1101. possess this power tl1l':" would 
GI l'. Still. anot her fun ction of liviujr bein gs is re xpir'at ion . ]o;n'1\ 

bacter -ia I'psp il'p and their respit at ion can he measured quautitut.ivelv 
by the lIU'tllOcI,., descri bed bv ~O\' ~ ', Hho :'m awl Soule '", II~' Hron­
fenbrenner? ' and l\ldGnley an d Coult er "". Th t'se IIII'll a re ail fun­
dam ental eons idc r nt iOIlS and \I' hile th ere a re many utl iers, su ch as 
the assim ilati on 01' food , the power of locomotion, sens iti ve ness to 
externa l age;lls su ch as ligh t, heat , chem ieal s and cold, ete .-thl'se 
a re t he most important. '1'llI' re CU ll he 110 qu est ion t ha t 1I10st of t he 
fil terable vir uses posse:.;s th e P OW4~ I' o r multiplu-arinn and 110 further 
conunent is neeessarv in this rega rd. Upou t his poi n t hilS hi nged 
our concept ion of the' hact PI·iophagc fo r t he past tell y ears. T here 
an' sti ll muuy who will admit that in crease in number or hact cri o­
phage part iclcs t ak e...; p lace under cert ain cOlllli t iollS but. who do not 
nl ~ og1lize its l iving- llel t llre. 68 Both hacte r-iophagn und he r pes v irus 

H e suseept ihle t o the destruct ive action 01' ultra violet nl~ 's ye t t his 
critor ion is 1I0t. suffieieut to det ermine the living nature of t hese 
a gx-nts since enzymes 1.11'1' al so destroyed by this Iorm of en ergy." 

F'ilternbl e viruses possess the ability to adap t t hemselves to th eir 
1'1Iyil'Ollll1ent. oth erwise th ey would cease to exist . '1'0 be sure, like 
nil Iiving thiuzx, t hev are f'rcquently modified ill th e process of un­
dergoing adaptation as, 1'01' example. t he modification of rabies street 
virus wh en passed throu gh rabbits. That the filterabl« viruses IlS­

sim ilute var-ious clem ents for th e purpose of surviving ami reproduc­
in g their kind is indica ted in th e f ew successful cxpcrimeuts on 
eult ivati on in artificial med ia, as fo r exa mple th e v irus of vaccinia 

and poss ibly that. of pol iomyelit is. Furthermore it is well known 
th at th is group of agents is suscepti ble to external changes brought 

about by che micals and cha nges in temperature. . although in gen eral 
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they appear to be more resistant than ordinary hactei-ia ill this 
regan]. 

The state of being of the filterable viruses meets f'ullv 0111' defini­
tion of life. They are, beynnd peradventure, endowed with certain 
powers and functions not associated with inorganic matter. Having 
the power of reproduction or multiplication, the function of adap­
tation, susceptibility to physical find chemical agents, ability to as­
similate food in artificial culture media, can there he doubt that 
they are Iiving beings ! To he MIre it. has not been denionstrated 
that filterable viruses respire though this may he due to the lack of 
a suitable method fine enough in its technique to permit demonstra­
tion () r what may be an extremely small interchange of oxygen and 
carbon dioxide, 

It: was first Sl1!1:g'cstcd by Hcijer'iuck " in his study of (he mosaic 
disease of tobacco that 11 possible" contagium fluid lITlI vivum." might 
exist. Simon 3 has suggested another term in his "contagiulll inani­
matum ". 'l'heso two eoneopts are diametrieally opposed to each 
other as regarrl« the lh'illl{ nature of the "contagium" but both 
suagest in their meaning that the filterable virus may exist in 11 

chemical form. There is no direct evidence to support this concept 
though the theory is of great. interest. 

..:\ concept which is quite wide-spread is that the liltel'll hie viruses 
(~xist as filterable 01' ultramicroscopic forms of baeterin and perhaps 
ill SOllie (~flSCS as protozoa, 'I'he physicist regards them as purtieulute 
brings which IHlYe tip to the present been undemoustrable because 
of the lack of suitable optical instruments with whieh to see or 
photograph them. The particulate -nat ure of a few viruses has heen 
demonstrated, especially tho.~(' which have undergone art ificinl culti­
vation. The suxr-optibility of herpes virus 10 nlt ruviolct light is also 
suggestiv« of this while in the case of the bacteriophage actual part i­
-t ion has actnally hl'l:lI aeeoruplished by d 'Hcrelle ~ ,; by Br-onfenhren­
ncr and Korb f):' and in our Own oxperiment." It has heen sug­
g·C'stcel hy many investigators that the filterahl» viruses arc more 
resistant to externul agents than bacteria because 01 adsorption of 
the filterable agent upon protein aggregates or vice versa thus in­
troducing the «onccpt of protective colloids. 

Opinion is divided regarding the signifieance of the so-called t ell­
inclusion bodies such as trachoma bodies, sheep-pox bodies, tile in­
clusions of herpes, Negri hodies of rabies, vaccine bodies, intranuclear 
inclusions in visceral disease described bv von G1ahn and Pappen­
heimer ?", the cellular inclusion in the salivary glands of ~ninea 
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pig-s, Knrloff bodies in guinea pi!:,"S, and others. It is quite evident 
that these bodi es for the most part are uniformly present and as­
sociated with many virus diseases. Prowazek 1 in 1!)07 suggested 
the name "chlamydozoa" for this grou p of " cell-inclusion bodies ", 
a term derived Irom the Greek meaning " elouk " and " an imal " and de­
fined as protozoa consist ing of a cell surrounded by material secreted 
hy the invaded cell. Hef('1'CllCC has already been made to the theory 
that. Nc!!ri bodies are in realitv protozoan in nature. Lipschiitz % 

has suggested another term "strollgyloplasma" f'or this gronp of 
bodies. a term also derived from the greek, meaning' "round.' aud 
' t o mol d' hen ce the detiuition " to mold round". One school of 
Ihought considers t hese bodies as representing the virus proper, either 
singly 01' ill groups, while another believes them to he simply the 
reaction products of the cell massed together and capable of taking 
stains hy which they are demonstrated. The inclusion bodies will 
be «onsidercd ill detail in a paper devoted to this subject. 

Classification of filterable virus diseases: 

The filterable virus diseases represent 011e of the most difficult 
groups of diseuses to classify. This is partly dill.' to the fact that 
new developments in their study necessitate frequent modification 
but chiefly difficult because of OUT lack of exact knowledge concern­
ing many of them, 'I'hay cannot. he 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 t.o baeteriologie 01' protozoan cr-iteria for so 
little is known of their nature. They cannot be grouped according 
to transmission beeause the method of transmission in many instances 
is doubtful 01' unknown, They cannot be classified from the cy­
tological point of view for as Cowdry or has stated "'l'he inclusions 
themselves, occurring as they do not only in man and many verte­
brates, hut also in certain insects and plants, are characterized by 
great diversity . For this reason genet-alizat ions are difficult to make. 
and lire often stultified hy the Humber of qualifications and excep­
tions which must be noted." Further, Rivers " in an ahstract of his 
review on filterable viruses states: "it can be said thai they exhibit, 
when compared one with another, a divcrxity of characteristics equal 
to , if not greater than, that exhibited by ordinary bacteria and 
other known forms of life". 

In 1912 Wolbach (lR 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 indirect. While Rivers b does not offer his table of filter­
able viruses as u 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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