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The present paper is t he fourth of a series of eight arti cles 
dell lin g w ith t he filt era hie virus and Riekett sia diseases, The t hree 
pl'('(·pd ing papPI's hay!' dealt w it h th e genera l w·q )P( ~ts of th e problems 
ill this field a nd slJ(' cilica l l~' with I-'O!lW or t he disl'HSPS which helung 

t /l t he g'I'Otlp of ti l/p l'alllp vir ux disPIISI'S, As Wt' IHI\'(' pointed out 
in our la st al ,tit ·le. m ost of t ht'sp. <lisellsps 0('('111' ill tropi ca l coun

1Ti t's as \\'1' 11 as ill eoldl'r d ililat t's lind fol' thi s rv nsnn t hey shoul d 
hI' t'o lls id!"l'('d IlS part 01" 1I'opi l';)1 1I 1( 'd iciIH', So I'al' w e 1111\'e to uch ed 
11111 ,\' Iq ~OII the <o-culled filt uruhl« virus d ist'as('s, 'I'lH' J{iekl·ltsia dis

I'IlSt·s will Ill' disClIss('d in ou r next u r t iel« alo ng- wit h s('\'I'I'al other
d isel1';es, all of whivh a rt - thought, III p l'l'S('lIt to he ilJsl'ct h 0 1' II<' , In 

th is pa per WI' will l',olls idel' SOIllt' 01' t lu- viru« d:I-'('IISI'S which involve 
tbl' ccnt ra l ner vou s ~,\' SI I ' lll a l1d th« t wo very important con di t ious 
IOHl\\'n as till ' .. COlliilion colt!" mill " epillem it: i nfluenzu." 

HERPES SIMPLEX
 
Feve: llliJtcrs; H erpes (French ) ; Blas chenllech t e (German)
 

r>E~' ! 1I;J'I'101l; 

l l r l"I)('s :-: im plex is a II nvu t t' 1'1'11pt in> clisl'ilsl' of t Ill ' s ki nan d 

IIlIll'OIiI-' uremhranes ami IISI llI lJ ,v oecu rs IIP OII ti ll' I"a t e and I!t'lIit.alill. 
11 is chu raet erized h,\" a VI'Siellhll' «ru p t ion, t Itt' \'psi ,.)",.. Ill' pea I'inl! in 
J,:: !'OlipS Il IHHI a mild in flunu untn rv has«, accom panied hy sensations of 

heat II l1d bu rn ing. T he disl'ilSt' is ('11111-"'11 hy it filt erahlo vir m:: HIe 

manif'estution s of which are influenced h,\' a nu m ber of factors sueh 

as local iri-itat ion. PXPo<': Ill'(~ t o th r- SI1I1 'I-' 1' 1I ~' S , d r nft« or enId ai r , 

t ra umuti sm. vnrinus consti tu tiona l 111Hl in f'ect inns di seasnx, e t c. 

H I' !' p I' S is tlt'Sig-l wt l'd, aecol'll il1 g' 10 lm-at iou 1:l1d condi t.ions undnr 
which it oeeurx. /I S herpes f l'l n-iIis, lIPI'» ('S la bi a l is. co ld SOI'I';" herpes ' 
Rl'llita Iis , IWI'pl's !"'l'fll1 ti a li l-'. alld 1!(' I1I' !'ali;rl'!l hl'!'pl''-: , 

• This i . th e tourth ot II . erir s of eilCht· arr iclus on F ilte r ab l" Virus an d Ri ckelfJlia 
Diseases. Oth er- nrricles w ill appear in subsequent. iSSUf'8 of the UE\"IEW. This art ielc aDd ~ 
subsequent p aper « of fh iK se ries arc taken from a mon ogea ph on t his subjec t now in pre.
(Ph ilippim ' .l our-nnl of Srif'n r-{·). 

II I 



FII:n;H.UU.l·: vmu s ,\ :-;1> HICKET'rsI.\ Dr S EASE~ 1:-< T ilE THOI'ICS 445 

OCCIJRR f::-;CE (W fn:RPE.<; 

This di sease has been k nown since anc ient t imes. I t occurs in 
connection wi th a number of in fec t ious d iseases. A ccor d in g t o 
various dermatologi sts the di sease is sa id t o be present in about 
40 per cent of cases suffering with cerebros p inal meningitis, lobar 
pneumonia , and mal aria; in about Ij per cent of scm-let fever putients ; 
6 p CI' ce nt o f influenza cases : ii (1('1' cen t of typhus cas t's i and in a 
comparatively sm a ll number of patients having dip hthe r ia , typhoid 
fever, relapsing fever, and smal lpox. 'I'he aff ection is common in 
prostitut e- ami accord in g- t o Unna it OCClIrs , in Hamburg', in about 
2;'; pel' cent of these women , 'I'ln- disea se Frequently manifests it
self in women a bout the time of t he menstrual period . It OCCII1'S 
in eonnecti ou with th e acut e eoryzas and various gastric and in
testinal eom lit inns. F ocal infoer ions iu the mouth may also he ae 
companied h~' herpetic les ions, [II ot lu-r c m ;p ': herpes has ap
pu rentlv lx-eu "elated to t he ingest ion or certa in foods. III mauy 
in dividuals th c a!fr('tio n tends to l)l ~ n-currcut and the lesions may 
appear in the sam e a rea ove r a long peri od of time, Tllt'se "('CU I'I'l'nt 
les ions al 'p pnrticularlv 1I0 t ('(1 upon t lu- fa ce, ahou t the huttoeks. nnd 
upon tht' g r-ni tal ia . 

Sy :.l1 '1'O ;\(:; 

H erpes lII ay in volve an." part 0 1' t he cut aneous su rf'ae« but is 
more commonly fou nd Oil t ht' face and about t he gcn italia , 'I'h« af
f ecti on is st'l f-l illlit ed a nd llsn ally term inates within a week or ten 
delys , )[OI'e often the lesions 1lJ'(' few an d loca lized but occas iona l 
generalized d isn-ihution OCCUI'S. :\1 ild const itut ion al symptoms may 
he present and t ilt' part a n't-d l'd is sull,it'ef to sensations of Iwat 
a nd hu rn itur, 'I'he re lIlay ht' 11I ' PS(~lIt ,",OIllC s lig ht. ele va t ion ill t ern

pera tu re and ehill iness a nd Oil this account th e d isc':!sp is f'rvqucnt ly 
re ferred t o as .. fever bl isters " . In 11 few east's t ilt' lesions appear 
upou th e mU COUS membrunr-, 01' ti lt' t ougue, che ek , pharynx, a nd 
larynx, Occasionally the vesi cul ar patche s a re q uite Illl'got', an d may 
coalesce , bccominc cloudy 1I11d purulent. Aft er II few days the 
\'t'sidt's d ry and yellowish cru st s a rc f'orm ud which drop ofI within 
a short. t ime lea ving a hrown ish red st a ill wh ieh SOOIl d isa ppears. 

Epidclllil'S of herpes ha ve heeu re ported hy Ravagl' (' ) an d hy 
SPHton (2). Both epidemi cs occurred in schools for hnvs and were 
eharaetcrized by sudden OIl SCt. elevation of temperature, chills, 
headache, nausea and vomiting, and herpetic er up ti on chiefly 'on the 
lips an'd ot he r pa r ts or the f aet', The oceurrunce of the disease in 
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epidemic form is str ong indication that the disease is caused by an 
infectious agent. 

THE vmus 

. In 1913 Grueter CS) demonstrated that th e inoculation of the 
rabbit cornea with scrapings from lesions of dendritic keratitis pro
duces in rabbits all inflammatory process which is transmissible from 
animal to an imal. 'I'his observation was confirmed later by both 
Loewenst ein (.) and hy L uger an d Lan da (") and these Huthors 
further demonst rated that precisely t he sa me process can be in
duced in ra bbits hy inocula ting th e rabhits cornea with the fluid 
from herpes vesicles. Lowenstein believed tha t the in fect ious agent 
existing in the fluid of the herpes vesicles is filt erabl e and this belief 
wa s f ully est ab l ished in th ~ lat er work L uger lind Landa, Blanc and 
Cam inopetros ("), and Levadit i, H urvi er , and Nieolau (' ) . 

Lipsch ut z C) in I!J21 was th e first to demonstrate cell inclusions 
in t he lesions of herpes simp lex. herpes geu it a lis, and herpes zoster. 
'I'hesu inclusi ons are withou t doubt speci fic as indi cated b;\' th e fact 
that th ey arc also found in t.he epithelial cells of the inoculated 
rabbit 's cor nea, Th ese bodies are found onlv in the actual seat of 
the lesion in herpes simplex (f'elu-ilis) an d herpes gcn ita lis. They 
have been found to appea l' in ser ial inoculat ions, Un like most of 
the in t raeellula J' in clusions described in connect ion with oth er filter
able virus diseases, t he inclus ions in herpes are found almost ex
elusively within t he nu cleus and not in the cytoplasm of the cell 
as in most of the ot h(~r filt erable virus condi tions. 

More will be said of th e inclu sion bodies lat er (la st arti cle of 
this seri es) . 1<'01' th e present we may state th at the exact nature 
of these bodi es is unknown, However , it is well known that such 
bodies nr e frequ ently met with ill connection with several of the 
diseases which are cau sed by azent s of the filt erable vi rus group 
and their presence is now considered as evidence of the acti vity of 
a filtera ble virus, In deed in th e case of th e virus of herpes simplex 
and of herpes gen italia, th e filt rahili ty of th e virus ha s been demon
strated, 

AN indica ted Ileeorc th ere a re many other fac tors which ap parently 
contribute to the -develop meut of herpes lesions, It is well known 
that in certain i~di\'iduals herpes has never occurred during an 
entire life time. I t is evident from the beginning, then, that there 
exist varying degrees of susceptibility and r esistance toward this 
disease, Irritation, trauma, d iet , emotional d istu rba nces, and in
fectious diseases (meningit is , p neumonia, ma laria , etc.) may aU 
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contribute to the development of the disease. In certain men the 
simple act of coitus is sufficient to bring 011 an attack of the af
fection, Its occurrence in prostitutes and ill women about the time 
of the menstrual period has already been mentioned, We have suggest
that all of these influences are only contributing in nature and 
none of them are related to the real cause of the discase. Herpes 
is au infectious disease, caused by II filterable virus, The virus 
of herpes is apparently very wide-spread in its distrlbution. Similar 
viruses have been isolated from the saliva and from the nasal 
secretions. Presumably there arc untold numbers of healthy ear
riel'S 01' the virus. 'I'he extraneous factors mentioned above may 
contribute to the development of lesions by the herpes virus al
ready present, Iatcnf. in the individual h~' lowering- the general re
sistance 01' tho individual to the virus. We han! suggested this 
concept in another publication (~). 

Goodpasture and 'l'cugue ( '0) have shown that tho virus of herpes 
passes up the axis cylinder of the nerve f"01l1 its point of ent.rance 
to the spinal ganglia and th e central nervous system in rabbits, It 
has, of course, been known for Yeli,'s through the work of Howard 
(11) aud Mallory and Wright e ~) that degenerative and intlum
iuatory changes arc present ill the ganglionic ecntors supplying arcus 
upon th e face affected by herpes in eases oeeiu -riug with pneumonia 
and cerebrospinal meningitis. 

It appears then that the virus of herpes reaches the surface hy 
way of the nerves, If the virus passes up the IH'r\'(' trunk there 
is no reason to suppose that it cannot Jla~s down the nerve to the 
cutaneous area supplied hy that nerve. Does tho virus remain latent 
then in the tissues of man, and more particular-ly in the nerve 
tissues such as the spinal ganglia ~ The fact that recurrent herpes 
is frequently brought on as a result of great emotional or' nervous 
stress somewhat favors this idea. 

The changes found in the goang-liollie centers haw been thought 
by some authorities to he of toxic origin. While no toxin has as yet 
been demonstrated for the herpes virus it is logical to suppose, from 
our coneept of the mechanism of infection, that such de~('lH'l'lltive 

and inflammatory changes are caused by a toxin elaborated hy the 
virus. It must he le l't to future in vostigat ions to determine this 

-question. 
'Within recent years the herpes virus has received a great deal 

of attention since several filterable viruses have been demonstrated 
in the brain substance and spinal fluids from cases of epidemic enee
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phalifis which are apparently ident ieal. or at least closely related, 
to tho herpes virus. Doerr and Voehting (I ") have shown that the 
herpes virus is capable of inducing an enc ephalitis in rahhits when 
injected inn-aoeularlv. Since th« '\'01'1\ of Doerr andVodlting IlU, 

merous investigators have shown that. pnc('phlllitis in rabbits I'('g'llllll'ly 
follows the subdural inject ion of the herpes vir liS. Strains from 
herpes simpl ex ( febrrlis) Hill! herpes gt-nita Iis are pruct ieally all 
found to he potent in t hi« respe ct. ~o rill' no OIl(' has succeeded, 
in unquestioned experiments, in producing enc ephalit is in rahhits 
following the subdura l inoculation of Huir] f'roru tlu- vesicles or heqws 
zost er. ('oIl' 111111 Kuttner (1 1) Iuilt -d in this I"espl' ct with material 
taken from nine casl's a ml :'I leKillll'y '111(1 Holden (I :' ) fai led ill 
thre" instances, However, Ihe1'(' is strong evidence to suppose that 
h orpo» zoster i ~ ul-o a virus di seas r- , hilt so f'ar the hypothet ical virus 
has remained undemoustrntr-d. 

'1'0 sunnnarize we may eon cludr that IrPi"PPS simpl ex and herpes 
genita 1is arc euused hy a filt er-ahlp virus. Cult ivation ex periments 
with t itis virus ha ve so fa J' rexul II'd in only diseouraaiusr results, 
R,\' several methods L" 1,'cYI'e and ,\lcKinh'y ( '") failed ent irely in 
the CUltivation 01' this virus. Pal'hr and Nye ( " ) have reported 
mo re en couraging rexul ts, but their work canuot hI' accepted at present 
as having demonstrated bp,\"OIH1 dou ht th e art iIieial cult ivation of 
this agoI'm.. Herpes is a eounnon affection and as such it is indicated 
that. t.he virus is wide- spread. Wl' propose the th eory that th e herpes 
virus is 1ire sent , latent ill til .. ti ss\lt~s and secre t ions 01' mall who 
SI·1'\'I'S as its rosorvoi}. Und t· j' f'avorable t'Olll Iitions -aeenmpau ied hy 
a lowering of the individual resistance, brought about by a variety 
of influences. the atfel'lioll t akes root and mauif'ests itself in ell tun e
ous lesions. 

Th e relat ion of this virus tn ('p itl l'lllie ene ephalitis will Ill' dis
cussed ill tIle [ollowing section. 

EPIDEMIC ENCEPHALITIS 
(Encephalitis Lethargica) 

nn'[:-;I1'(OK 

Epidemic enccphulitis is an in fect.ioux diseas« of protean lII11ni, 
fcstat ions , Encephalitis means bruin inflammation. Epidemic cnce 
phalitis is all inflummatiou chieflv of the central IlPI'VO liS system 
lind is eharacterized in most cases by lethargy, paralysis of the 
eranial nerves, and in some cases there are spinal and peripheral 
!I('I'VC involvement. Not all eases of epid emic encephalitis uumifcst 
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lethargy, 1'01' in many patients, depending UpOIl the location and 
severity of the involvement, marked excitement- may he 11 predominat
ing symptom. This diseas e is also sometimes referred to as epidemic 
stupor, infective enc ephalitis, epidemic polio-enc ephalitis, and sleep
ing sickness ( E u ropean). 

IIISTORY .\ :\D 1l18THIIH;'I'I01\ 

Little is known regarding t he carlv history or epidemic once
ph 111itis, Early after 1700 a disease broke out in parts of Germany 
which epidemiologists ll('lieve may han been related to epidemic 
encephalitis. Again in lSHO in parts of southern I~Ul'ope there ap
peared 11 peculiar dis ease, wh ich was designated " Nona " at the 
time, and which may have been related to encephalitis lethargiea. 
From the records it is impossible to state definitely whether either 
of these diseuses was related to epidemic encephalitis. 

In lH17 Eeonomo (1' ) des cribed, under the nann- or e nceph al it is 
lethargic», a disease whi ch he observed in eleven cases at Vi enna. 
TI1l'sC cases had oeeurred during; th e Winter of 1!116-17. During the 
Slll'i/\~ of l!)]S the disease Iwgl1n to appeal' in various parts of Eng
land, and towards the end of 1918 the first indicat ions of th e (lis
ease were noted in the Un ited States. The ea rly cases of oucephnlitis 
lethargic» were apparently regarded <IS hrain inflamm ations due to 
botu lism . The di seas e was eh nraeterized hy d rowsiness passing in to 
lethurzy, a progressive m uscula r weakness, and op ht hal moplegia, 
Often the fir st sym p toms not ed were a sl ight indisposit ion , mild 
in definite umseular pain , and a rl'eling of drowsiness. Ro t h mul es 
mill females a rc aflccted and in abo ut equa l proportions, ;\Iost of 
th e eases hav e appea red in iudividual s 0\'1'1' tw cuty yeal's or ag e. 
This is qu ite th e op posite of poliomyelit.is which occu rs ehiotly ill 
children, While most cases of ep id emic encep halit is OCCIII' ill indi
viduals in th eir tw ent ies or thirties. the d isease a lso occurs in la ic'" 
years nf'tr-r th e age or fift~ ·. 

S ince 1817 epidemic encephalit is has spread to all parts of the 
world. In England alone thousands of cases are now being reported 
eael: year. During 1!J2-l England r eported over ::i.OOO ('IlS!' 1> or t his 
diseas e according to th e Epidem iolog ical Report of the H eal th Sec
tion 01' till' League of ~llt.i()n s . 'I'his report states that in most conn
tries epidem ic en cephalitis is decreasing at t he present time, E Ilg'

land, for exa mple. has OJlI~- reporrcd ~.2 (17 cases for the yoar l!)::G 

with 1,:~2;; d eaths from th is tliseasp. in England th e disease is more 
preval en t. in u r ban than ill " III 'al di strict s . In Nt'''' York Ci t >-· cas es 
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of epidemic encephalit is arc not at all uncommon, the same being 
true of oth er large cit ies in t he Unite d Sta tes, The disease is not 
limited to u rban communities however and is f requ ently met with 
in the r ura l communities. Th e d isease has a hi gh mortali ty and 
sh ows a predil ection for t he winter months, 

The only ep idemics of a sim ila r di sease, which have been men
t ion ed above, occurred in con nec t ion with, or following epidemics of 
influenza , In 1918 when ep idemic encephali tis began its march over 
the world it was thought that th e disease was r elated to influenza 
and perhaps resulted as a sequela, in certain cases, as a r esult of 
the same infection, E xcep t. for ep idemiolog ical data there is no 
evidence th at epidemic en cephalitis is related to epidemic influenza 
except as a concurrent infection, It is true that in England the 
incidence of ep idemic encephal it is is hig-hest in the north of England, 
d ecrea sing through the south, and lowest in Wales, Al so influenza 
is more pre vale nt in the north of England hut th e mortality of ence
phalitis is highest in urban commu nit ies while influenza ha s II g reater 
mortality in rural d istricts. Th e d isease is net, limi te d to - cold 
cl imates, Th e writer has seen eases of ep idemic en cephali tis' in trop
ica l countries such as the Philippine Islands and more recently t wo 
cases have como under my observation in Po r to R ico, one of which 
has been proven at auto psy. 

SY::\lPTOMS 

T ho usual picture of epidem ic encephalitis is lethargy, associated 
with i hi rrl-nerve and facial paralysis, and weakness - in the lower 
ex tremities . Thcre are many cl inical f'orins of the d isease wh ich 
<l1'PI'IHl upon t he location and d('I!I'('l~ of involvement of th e central 
nervous system. SOllie of t he different types of the d iseas e have heen 
described as follows: (1 ) C'as(~..; r-x hih it iug gP1H' ral muni fcstat ions 
of t he disease hut no locul izing sign s : (2 ) casp,; with facial para lys is; 
(:1) cases wit h th ir d-nerve pa ra lys is; (4) cases with spina l-cord 
iunnife...; tat ions; (;; ) cases wi t h polvueu riti e s ~' lll pt ouis ; ( G) cnses 
sho wing- per iods or l!rpal excitemeut., (7) mild cas es of th e abortive 
ty pe ha "ing' on ly t rausicn t mnn i ('esta tioll s, A II (11'g' I'ces, variat ion s, 
and combinn t ions of the /lIJo\'(1 types ha ve been met with. 

P rod roma l symptoms JIl/lY hI' p resent 0 1' absent , .If p resent. they 
may be noted t'rom 11 few hours to a f'ew weeks and are elmracterized 
chie fly b~' headache, <l iffllsl' pains, lethllrg:,,- or drowsiness, stiiTne!':s 
of the back 01' of one 01' 11\0l'e lim bs, cou j u nct ivit. is, and vert igo. 

1.('1ha rgy, a PI'OI1\ inent sym ptom of the <l iscase, occurs in a1I0n t 
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80 pel' cent of cases, It comes on as a rule very gradually but may 
000111' suddenly. It may develop gradually from a slight drowsiness 
to a stupor from which the patient can be aroused and then pass on 
into a deeper stupor or coma. Ocular palsies , with double ptosis 
and diplopia occu r ea r ly . Th e temperature ranges f rom 1000 F. to 
1040 F. It usually lasts but a few days, may then disappear only 
to reoccur, in some cases, within a f ew days. 

Th e disease is slowly progressive, 'rhe patient takes on an 
apathetic look, t he pupils may be dil ated. and unequal with complete 
third-nerve paralysis. The fa ce becomes smoot h and expressionless, 
the muscles being moved with great d ifficult-yo Cata lepsy is not 
uncommon. Th e patient may become delirious and develop a violent 
mania. 'I'he memory is lost gradually and the patient cannot re
member one moment what he has been told a few mom ents before. 
Arouscd he may answer simp le questions inte lligent ly. Tremors, 
and , choreiform movemen ts may occur in some cm;es and persist for 
som e time, 

Sensory di sturbanees su ch as hy peraesth esia . may occur but arc 
rare, Paralysis of th e arms and legs may occur, Th e reflexes 
mayor may not he normal. Some cast's exhibit paraplegia . Other 
cases may show bulbar Iear ures and signs of polyneuritis, Sigolls of 
mening-eal in volvemen t a re r an '. T he cerebros pinal fluid is clear, 
may sh ow 10 to 20 cells pel' c. mm . an d in some cases a la rge in 
crease. Both uionunuelcars and polvuuelears are round . The dum
tion of t he d isease is variu hle, It may las t weeks. month s, or years. 
As a r ul e its du ration ranges from t wo to tw elve \\'I'('k8. Seco nd 
attack!' do occu r :J1Il1 appa reu tly. in 1I.,1ll:,· rases, art' more severe 
than t ho fi rst illness. 'r hese ,II'e p roba lily not n-in f'cet ions but a 
flarin g' up of th e old process wlu-n conditions a l'e fuvorahle. 

Th ere arc oth er [OI'llU; or l'IH·pphal itis f ro m which epide mic onee
phal it is mu st be d ifl'el'en ti at e(l aloiu: wi t 11 5C \'l' I' :l 1 ot her cond it ions 
which a l'p similar in some r ef-oppcts. Acute encepha lit is i llll ~' result 
from a n umb er of ca uses such as trmuuu, int ox ications. (alco hol. food 
poisoning, and gas poi sonii ur j , foll owing acute iufcct ions, an d as a 
form of pol io-myclo-cueepbnlit is, The geIH'1'lI1 S.\"I lIl' t OIllS are head
ache. 501 I1 nol (,11ce, COIll Il . del irlu m. nu usea and vomiting, etc. Cases 
may OCClI ; ' following certa in fevers, such as intl uenza and typhoid , 
A re cent ease observed by t ill' "Thee in Sa n -I unn was or th e very 
acute type. .1 t occurred in 11 I it ti c gil') or l'i ~ ht years. The first 
symptoms noti ced by t he parents was t hl' inability or the child to 
swallow water 01' other fluids such :1;'; oransn- j uice, T he child had 

d 
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complained of drowsiness some three days previous though she had 
attended school the following" two clays in apparent good health, 
"I'ho child died four days after the first symptoms were noticed. The 
post-morton examination of the brain presented typical lesions of 
epidemic encephalitis, It is interesting to note that this ease stands 
alone in the above-mentioned community, No others have been re
ported though there exists at the time of writing a chronic case 
of this disease in one of the local hospitals, of over one year 
d u ration, in a child of about two years of age. 

THE vruns OP ~;pmE:MlC E:"CEPIIALTTIS 

The virus of epidemic encephaliti s is unknown. That the disease 
'is infectious and eommuuicable is agreed bv most authorities . What 
the infectious agent is or how it is communicated from individual to 
individual is unknown at present. In 1H}!) Loewe and Strauss (1U) 
described an organism as the l'anse of ep idemic encephalit is which 
they obtained from the brain substance and nasoplrarvngenl washings 
from cases of tliia disease ami cla imed to have reproduced the disease 
ill rabbits and monkeys with this material. Later thev cultivated 
their organism and reproduced t.he disease with t he euli ivut ed micro
organism. Th ese expe riments have IWl'n open to grave doubt and 
1111"1', not been confirmed, 

In] H22 L evaditi and Harvier '(') describnd a Iilterahle virus 
which they beli eve to IJe till" ('aUSc of epidem ic encephalit is. III 
reality th ere wer e two st ra ins of t his virus obtniued f\olll cases of 
this d iseas«, Th l~ Iirst and most virulen t vi I'IIS was ohtniued f'roui 
the ln-ain ,slIb t ancc of a caSe of ence phalit is, while th e second, and 
weaker Vi l'US, \\'l IS obtained from nasal secret ions, F'lcxncr e") has 
point ed out that "cxa mina t ion of Levadit.i« reports ind icates that 
from among inoculations mad e with thirt y se pa rate sets of specim ens 
from casps of epi dem ic en ee p hul it is, he su cceed ed in cstahlishinu in 
rabb its only one active virus " and that his CO il .lusions arc " based 
really Oil a s ingle unequivocal expe l'inw llt.nl result " , P IIl'tIIl'r it is 
HOW well known 1ha t. the ease of eucuphul it is from which Le vadi t i 
obtained his first virus possessed II herpes infect ion over th e entire 
ri ght ~ i d ll or tlt e fa ep and subseq uent expel'illlf'lIts with t he Lovaditi 
virus ind icates that th is viru..; is ident ical with known herpes st ra ins, 
01" closely Illl ie<l 10 th em. 

Other Iilterable viruses have 1l(~('11 obt a ined from th e brain sub
8 1 111 l(~e and cere brosp inal fluid from case s of epidemic encephul itis , 
There arc t he so-cal led " Baspl" viruses, The first of t hpse was 
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obta in ed from t he cerebrosp ina l flu id of a patient ha vin g ence phali t is 
lethargicu by Doerr and Sc hnabel (21) . The second stra in was ob
tained by Doerr and Berger (Z2) from t he brain subst a nce of a ty p
ical case of ep ide mi c encephalitis, The t hird strain was derived 
from an ot her case of epide mic encephalit is from the brain subst ance 
by Doerr and Berget'. Zdansky (23) found tha t the brain lesions 
produced with the Basel strains n and IU were identical wi th those 
produced in rabbits wit h t.he Levaditi so-caned encephaliti s virus 
and also with th e herpes virus . 

Th e " Be rlin " virus was described by Schnabel (24) and was 
obtained t'rou i th e cerebrospinal fluid of an acute case of e pidem ic 
en eephulitis , CI'OSS immunity exper imen ts with this virus and a 
known herpes virus were found to he positive. 

'rile so-called " \Vicn " virus was isolated h~' Luger and Landa (5) 
and was obtained from the cerebrosp inal fluid and brain substance 
from a case of epidemic encephalitis, 'I'hi s strain firs t exhib it ed 
an' in cubation period of 18 days which gradually became shor t er with 
animal pa ssage. Symptoura tically in rabbits the d isease produced by 
this virus is typical of that induced in rabbits following inoculation 
with herpes virus, These au t hors also studied a virus wh ich has 
been described by Kori tsch oner e~ ) which wa s der ived f rom the b rai n 
substan ce of a pa ti en t. who had been bit te n hy a su pposedly rabid 
dog. Th e pa t ient d ied aud a post- mo r tem oxamination reveal ed a 
myelo-en ceph al it is. Jnoeu lat ion of br ain m at erial from t h is case into 
two rabbit s and t wo dogs r esulted wi t hill a fe w days in paralysis 
and le thargy . L uger a nd L an da heliev« that. the Korit schoner vir us 
is endowed wit h herpet ifor m prope rti es bnt Doerr a nd Zdausky ( ~3 .l 

iden t ify it with t he vi rus of pseudo-lyssa 01' infect ious bul ba r para lysis. 
'I'heso authors ba se t heir conclusions up on its t ransmisibility to do gs 
an d t he abs en ce of l'\('g l'i bodi es ill t he b rains of such infected 
all ima 1:>, 

Bessciuuns an d Van Bo eckel e") ex pei-imonted with mat er ial Irom 
five lu-uius, twenty cere bros p ina l fluids, and the nasopharyngeal 
wushinus Irom severa l cases or epide mic enee ph ulit is . Sixty-one 
rnhhits and thirty gn in(,ll pig'S \\'('1'1' in ocul ated with t hese mater-ial s. 
Of t hese o nlv S I'\' I ~n ruhhi ts xhnwrr ] svuiptoms and I('sious a nd on l,\' t wo 
guinea pi gs s howed lesions but 110 sy mpto ms. Sym ptomat ically these 
nu ii ual s exhihited ty p ical p ictures or t hose due to h r-rpet ir- infection. 
The lesions consisted of ditfus« infiltrat ion of t he ln-ain snbsta nee 
wi t It II10nOll ueleuI" cells a nrl in one euse per]vascu la r inti!t ru t ion. 
This virus possessed on ly a modera te virulence and was soon lost 
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entirely, In regard to this virus Da Fano (27) states "these experi
ments seem to indicate the possible occurrence of weak encephalitis 
struins endowed with properties similar to those of likewise weak 
or somewhat anomalous herpetic viruses. T'his supposition is sup
ported by the report of Netter, Cesari and Durand, who claimed to 
have recovered an apparently weak strain from the brain of a case of ' 
lethargic encephalitis 15 months after onset. This virus was reg
ularly active when prepared with the brain substance of successfully 
inoculated animal!', while the salivary secretion of the infected' 
animals was uniformly virulent. Also Sicard, Paraf, and Laplane 
claim to have isolated an apparently weak encephalitis strain from 
II case of post-encephalitic Parkinsonism". 

In addition to the above viruses which have been obtained 
Perdrau ( 8

) in England has apparently had unusual success in 
isolating viruses from the brain substances from cases of epidemie 
encephalitis which he helieves possess herpetiform properties. 

As will be noted, the various viruses described above have aU 
(with the exception of the virus of Loewe and Strauss, which is no 
longer taken seriously) been obtained Irom cases of epidemic ence
phalitis in Europe, Flexner and Amoss ("" ) IlIHl others in the 
United States 118"e been uniformly unsuccessful in isolating a single 
virus from cases of this disease. F'lexner e") in 1!12:~ reported 
transmitting It dis ease to rabbits with the cerebrospinal fluid from a 
patient. with neuro-syphilis and from these' rahhits he obtained a· 
strain of. herpes now known as the "Heekley" strain. In this case 
there was no CJ uost ion of eneephali t is hut, it S('l"\"CS to illustrate that 
the herpes virus mav occur in the' spinal fluid of patients affected 
with some other disease process. 

General opinion is that the various viruses described by European 
investigators as obtained f'rorn cases of ep ide mic pnceplllliitis are 
id entical with the herpe« virus 0)' th('~" are very clos elv related, 
Doerr a nd Schnabel and later Levaditi, Ilurvier a nd Nicolau all 
f01l1111 that. cross immunity experiments with Levaditis en cephalitis 
virus and th e herpes virus nre positive. Th e lat1l',· also (lemon
strated that. 11w L cvadit i en cephalitis virus produces all herpetiform 
eruption when inoculated 011 the skin of II ruhlril. Lcvudit i and his 
assoc iates th en cons ide r that the virus of encephalit is and hC~I'PCS 

are ident ical va rving 0111,\" ill d egTec or virulence. Do err- eO) also 
leans towards this concept and heliovos that the herpes virus is 
rela tNI etiologicallv (0 ep idem ic enc ephal itis, ' 

III 1!)2-t: in discu ssing this qu est ion Parker et ) stated " T lwr e is 



r"ILTEIUHLE nRU~ AXn /{[CKJ<;TTSf.\ DISEASES IN TIlE 'l'ROPICS 455 

one fact that would seem to establish definitely the lack of identity 
between the virus of herpes and that of encephalitis lethargica , 
namely, the occurrence of the intranuclear bodies characteristic of 
herpes in the former and the absence of such bodies in the latter. 
Lipschutz described certain intranuclear, acidophilic bodies that oc
cur, espec ially in the epithelial cells, in herpes in human beings and 
in experimental herpes of the rahbits cornea. These bodies are 
perfectly definite and their. demonstration renders the diagnosis of 
herpes positive in animals and also in human beings, provided that 
in the latter varicella can be excluded . Whether they represent the 
virus or a reaction Or degenerative product of t.he cell is undeter
mined, hut this does not detract from their d iagnostic importance. 
Since the work of Lipschutz they have been described by Goodpasture 
and Teague in the brains of rabbits dying' of herpetic infection". 
Parker goes 011 to state that " nO\\' if th e virus of herpes and that of 
encephalitis lethargica are identical, these bodies should occur in the 
brains of human bein gs, dying of encephalitis lethargiea. However, 
to date, no such bodies have been described". 

The entire que stion of the relation of the herpes virus to epidemic 
encephalitis has become a very important one. Indeed the question 
has hecome one of controversy, Investigators are, Ior th e most 
part, agreed that the cause 0 i' en cephalitis lethargica is probably a 
filtera ble virus. Flexner and his associates have consistently held 
that the hypothetical virus of ep idemic encephalit is remains to date 
undiscovered. European investigators have II tt ach ed more and more 
etiological significance to the herpes virus as a enuse of th e dis ease . 
ZinssCi' and Tang (32 ) ha ve brought further evidence against the 
herpes virus in it s possible relation to epidemic encephalit is. These 
authors ha ve shown that th e serum from eneephalitis patients pos 
sesses no virucidal effect £01' th e he rp es virus in vitro though t his 
p rop erty is present in the serum of rabb its immnnized with herpes 
virus. 

Tn a recent publication McKinley and Holden (") suggest that in 
th e absence of a definite et iolozi e ag'('nt 1'01' encephalit is lcthargiea, 
lind since herpes strains nrc oeeasional lv met with in the nerv e ti ssue 
01' eases 01' this disea se, it. is advisable to retain an open mind on 
th e entire qu estion and attempt in everv way possible t () prove or 
d isprove lilly relation which J1111~' exist between the herpes virus 
and encephalitis. Th e idea of encephalitis hein/.{ du e to a toxin, 
"as previously ' suggested by PfIJ'kC'l', \\'lIS aga in emphasized. 'r ile oe
easional presence of the herpes virus ill th e centra l IH'I'YOU S S,\'stCIlI of 
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patients might he explained on th e basis of the cent ral 1)('I'\'OUS system 
barriers becoming permeable to the virus as a result of some other 
constitutional disorder or infectious process which lowers the resist
ance of the patient, and consequently alters those barriers which 
normally do not permit th e herpes virus, 01' any other virus, to gain 
entrance into the central nervous system. Such an hypothesis might 
explain the occurrence of encephalitis lethargiea following in the wake 
of influenza for. example. If such were true it might expla in the 
occurrence of these cases in which the herpes virus has been found in 
the brain substance. Also, as Perdrau has pointed out, the virus 
may he more easily obtained during the first few days of illness when 
the symptoms are acute, Parker suggests that the actual virus of 
encephalitis may be growing ill some other reg-ion, su ch as the gastro
intestinal tract or nasopharynx, without causing local symptoms, 
but producing a poison whi ch has II marked affinity for the central 
nelTOUS syst em. Analogies of this are of course found in t etanus 
lind botulism. Such a virus might als o be present, latent in the 
spinal ga nglia and produce its toxin from this focus. 

In one of his IHOst recent papers }'ICXIICI' ("~) states in comment
ing upon the ense with which herpes viruses may he implanted 
in rabbits. " On th e other hand, it has proven extremely difficult to 
imp lan t such a virus in rabbits with material taken fr01l\ cases of 
opidemie encephal it is in man. The severa l hundred or more trans
fers of these materials [rom man to rabbit have yielded, as F'l exner 
pointed out and Doerr con cedes, six successful inoculntions at most, 
The percentage of successes is almost min inial . Th e matter at is'\lIe 
is the explanation of the disparity, th e bu rden of proof of course 
being- plac ed upon those iuvesti gutnrs who wOIII<! identify the herpes 
vlrus with the supposedly mi crobic incitant of epidemic eneophalitis " . 
'I'h is JlJlI~' be taken as th is author 's atti tude in the 11111t.tpr, as far 
as the herpes virus is conc erned. 

Up to th is p oint we have onrit tcd ont.iroly from consideration th e 
possihilitv of the st rep tococcus as til e Inierohi« iueit» lit in PII C('· 

phalit .is le!hargica . In H)2·1 Hosenow C') reported the isolation of 
a strept ncneeus Iroiu th e tonsils, teeth and nasopharynx 01" eas es of 
en cep hal it is and hom th e ln-ain su bsta nce of such cases aftel' death . 
Evans and Freemun e O) ha re also deser'ilH'd a s t reptoeoceu « isolated 
by them from nasal washings, heart blood . aud mesencephalon of a 
patient with cpirlcmi« en eephal it is, The struptocoeeus ohtu ined hy 
these authors is similar according to eomparn t ive test, with th e strop
toco cci d(',sl,,'ih,·d by VOIl Wiesner and by Rosenow. 'I'hi s OI'g'Hllism, 
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so it. is cla imed, shows a tend ency to elective localization in the brain 
and is said t o produce nervous sympt oms in rabbits and monkeys 
which, in some instances, simulate th e di sease in man, III anot he r 
publica tion Evans (". ) r ep orts t he isola tion of six strains of strepto
cocci from vesicles in eases or herpes, one from til e cere brospinal 
flui d from a case of sy phi lis, and one f rom the brain substa nce from 
a case of epidemic encephalit is. F' rec mun C,) has ell~S eJ'jhl'd th e lise 
of an antiserum prepared in horses with the st r ep tococcus whi ch was 
lll'scrilwd earlier hy Evans fwd him self , Administrat iou of specific 
an ti -st J't:!ptO('OCClIS serum to ea..;es of encephalit is WaH eon trnl led II,\' 
t lu- udministrat ion of normal horse serum, antipueumocoecus SC I' U Ill , 

HUll st re ptoc occus bacterin. F reeman states" The injection of 1I00'lIml 
horse serum duri ng one r elapse, or untipneumococeus SPI'\l1I1 during 
another, and of st reptoeoccus bacte r in during a third thus had the 
same beneficial effect that th e encephalitis serum had ill the first 
plnc e". Russell C") has also d t'scrihed a number of recoveries of 
('<lS('S of eneepha litis following administration 0 f ant idipbthcritie 
ser u m. As p ointed OH t by Freeman such results indicate th e need 
for propel' controls in attempt iug' t o eva luat e the efficaey of sp ecific 
serum th era py , Cer tain ly th ese results as l'eportl'd by him lend 
little evide nce in favo r of t he st re p tococcus et iology of thi s di sease. 
'1'11(','" in d icate. however, t ha t non-s pec ific protein th erapy may have 
some beneficial effect s. 

In a recen t r ev iew of the Iil terahlo virus d iM'as,'s ilIac Ca llum ( R" ) 

ill spea king' of epidcm i« enec phn li t is a lid t he l'Xperimontal wor k wit It 
the va rious vi r use s which we- have descl'ihpll abo ve sta tes : ' ; . . . 
di fferen ces hl'tWPI'U t ht' ell I'Yp,; s how iiur !hI' effect of inocula !inn of 
unceph al it io; ma teria I Oil t lu- one hand a nd of h Cl 'l H'S materiaI 011 

III(' ot her. into rabbits ( Ford a nd Am oss ) , make one ';UX!H'ct. very 
~t l'on ~ I ~' t hut a ll of th e so-ca lled viruses of ence pha lit if; are n 'a II~' 

accirlcutnl ly recove red he r pes viruses. Thi:; seems a f UI' safer eon
elusion than t hat ventured h ~' some that th e viruse» of encephalit is 
and herpes are i. leutieal, and it is pr ·fe l'ab l' l to eom-edc that as 
yet. we know nothing of the ca use of eneep ha lit.is. All of this has 
lle!"'11 clea rly brought out by Floxner " , 

'I'h is is l'tuthcr' indicated hy t lie Iact t hat Bastai and BIlSHl 'I ~,t 

have found th e herpes vir-us ill t he blood and cere bros pinal fluid of 
I )(~rSOllS su bj ect to herpes but at the t ime possessin g- no lesions. .1n 
such peop le slight indisp osition I'reqnently ln-inus on lin attack of 
herpes, 

This su mmary lIIay he taki-n as represen ting th e though t of th e 
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American school on the subject of the etiology of epidemic encepha
litis. With regard to the streptococcus as a possibl e etiologic in
citant, there are few who consider this organism seriously, 

The chief: changes found in epidemic encephalitis are located in 
th e upper part of the pons and in the basal nuclei lind consist of a 
perivascular infiltration (large and small mouonuelear lymphocytes), 
in some cases the areas of extravascular infiltration forming foci 
which may be seen with the naked eye. 'I'he destruction of the 
~~allg-lion cells :IS found in poli omyelitis is not common, The spinal 
cord lesions are very mild, Changes ill the Purkinje cells are noted 
but cortical lesions and extensive lesions of the gray matter are not 
common. 

According to l\fcCrlle (H) hemorrhagsa jn th e meninges and in 
the region of the basal ganglia may be found. Lesions also occur in 
the cerebellum. Lesions are both nodular and diffuse, The nerve 
cells show degeneration, either localized or general. Thrombosis lind 

necrosis have been noted but are rare. 'I'ho gray matter at th e base 
of the brain is particularly involved . Altogether, according to this 
author " t hc anatomical lesions arc like those found in rab ies and 
sleeping sickness". He states further "the lethargy mar be toxic 
but is possibly mechanical due to interruption of stimuli in the 
thalamus, which is frequently involv ed. The latter changes involve 
(1) the vessels with hyaline and calcareous degen eration of the media 
and adventitia especially IIlId particularly in certaiu areas, such as 
th e basal ganglia, (2 ) hydrocephalus, chronic 01' intermittent, from 
imperfect drainage of tile ventricles, and (3) meningeal thickening". 

PREVENTIO~ 

Very little can he said regurding the prevention and control of 
epidemic oncephalit is, That the disease is eonununica ble is agreed by 
most authorities. Howev er, it is only mildly so, Its relation to 
other infectious disea ses is little understood. While the disease is 
apparently decreasing in certain parts 01: the world (England) 
it still r emains in other countries us a serious and increasing menace. 
Unt il its cause is definitely known it is impossible to formulate rilles 
for its prev ention. .At present it is only possible to employ ordinary 
hygi ene measures which arc indicated for any infectious and com
municable disease. No vaccin e or serum is as r et available for its 
prevention 01' treatment, 
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AOUTE ENCEPHALITIS 
(Australian X Disease) 

In 1926 Kneebone and Cleland (42 ) reported an acute encepha
litis condition which a ppeared again in Australia during -Ianuary 
.and February 01' the year H)25, Tn previous reports Cit-lan d and 
Campbell ( 4:1) had reported an epidemic of acute encephalo-myelitis 
in Australia which appeared in ID17-UJ. Aecording to these au
thors the Austrnlian dis ease ( X diseuse) does Hot correspond with 
that or oneephalit is lcthargiea reported in other parts of th e world, 
Aust.ralian X disea se is characterized by its high mortality, very 
high temperature, coma, convulsions, relative absence of eye symp
toms, rapid approach to death ill fatal cases, its general resemblance 
to eerobrospinal fever, and leucocytosis. Furthermore these investi
gators have offered evidence that the virus of X disease may be 
transmitted to sheep. 

During 1917-18 the virus X di"pase was transmitted success
fully to monkeys and at the same time was upparcntlv transmitted 
to a series of sheep. Successful " takes " were obtained into the third 
series of sheep, by sheep to sheep inoculation, but failed in ·the fourth . 
In 1921l Kneebone and Cleland again attempted to transmit the 
virus to th ese animals. Five sheep were inoculated. The first 
animal inoculated directly into t he brain substance with 1Jh ee. 
of n erve tis sue emulsion from a fatal human case of the dis euse, died 
eight days later with general convulsions . The second animal died 
with similar symptoms nine days following inoculat ion. The third 
1iheep died with general convulsions sewn davs following inocul ation. 
Sheep 4- was inoculated with brain emulsion from slwep a and died 
with general convulsions nine days after inoculation. The fifth slwep 
was inoculated with hrain substauec from sheep ':I: and suffered no ill 
effects following the inoculation. Brains from sheep 1, 2, :J and 
4 all showed intense pial congestion hilt no evid ence of su ppuration. 
Bacteriologic cultures were uni formly negative. 

The case described from which brain substance was obtained for 
-the sheep inoculations is perhaps typical of th e fatal cases of this 
disease. Th e authors described it as follows : " Case 3. (From 
this ease the sheep inoculations were mad e). Luey S" aged two years 
and ten months was admitted all March 1, 1925. She had whooping 
cough ten months before, but since then had heen quite well up to 
two days ago. 1"01' the last two days she has had " turns" each day, 
Jasting up to 'six minutes at a time, and three convulsions, followed 
by general twitchings during the day be fore admission. 'I'he bowels 
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had been opened once da ily . She hnd refused food sinee she became 
ill. J~xam inati on sho wed t hat she was in a semi-comatose condition 
with generali zed t witc hing». H ead retract ion and Kel1lig 's sign were 
p resent. Not hinu abnormal was de tected in the chest or abdomen . 
Th e uri ne sh owed no abnorm ali ty. T he te mpe ratu re WlIS 101.6° F " 
the pulse , 140, and res p iration 48. Nex t clay her condition was worse, 
although the t.wit clrin gs wer e not so severe. Th er e was left abduce nt 
parnlys is. Lumbar punc t ure yield ed 60 ee. of clea r flui d under 
sl igh tly in creased pressu re, This fluid con taine d no in crease of 

glohllli n, no pus cells, IIlld no organisms either ill smears 01' on eul
t uro, Th e temperature, em admiss ion rose ill 12 hou rs to 105" F, 
and main t a in ed a hi g h lev el , r ising to l OGOF. a few hours hcf'ore death, 
whi ch occurred :W hours a l'ter admiss ion, At th e post-morten ex
a!l\inat ion , 12 hours after death, t he bruin Wl~ S remov ed with strict 
ase ptic precautions. Ve-ry marked congestion 01' th e Yl'ssels of the 
pi a mater was pre sent, hoth at th e vertex awl at the hase, Th ere 
was no evidence 01' t il ln- rculosis 0 1' su ppu rat ive meningit is, lind the 
01 her orga ns WCI'C hea lt hv, 1\1 icrosr-opi c exa m iuat ion of sect ions f rom 

t he br ai n and sp in a l-cord f'uiled to reveul t Ill' presence or pe r ivcuous 
sheaths of cells 01' of cell u lar isla nd s, These see tions included the 

basal nu clei . There was marked cap illa ry congestion in t he f ro nt al 

and oecipital a l'eas," 
F rom the description of 1his CllSP t here can he no cion bt 1hat 

it is in many wa y s d issimilar to epi d emic e ncep ha li t is bot h in it s 

~ ~'lllptOllHlt ology and in its 1I!00'h id una tomy . 'While t he transmis
sion of the virus to sheep is 1I0t concl us ive, th ese exper iments may 
he considered as strong ev idenc e t hat suc h t ransmission is possible. 
If this point is accepted. t his is also important evidence that t he 

disl'llSC is lit va ria nce with ence p halit is lethnrsrieu !'C)(' no v iru s has 
(' \'(' 1' hecn t ran smitted to shee p fro :n cases 01 epidem ic encep halit is 
01' 1'1'0 111 CaSl'S or poliomyel it is, Indeed ill 011 1' ex pe r-ience it ha s been 

impossible to inf'ect sheep with hl" I'!" ';'; vn-ns or 1'01' t hat matter to 
slitisfa l'1c)1'iIy d cm on st rnt e l1lJtihodi (", in the bl ood st rea m 0 1' shee p 

whi ch IUI\'c receiv ed mol'!" than a dozen inject ions of herpes virus 
em uls ion ill an attempt to immun ize them. 

Wha t th~ exact nature of .Austrul iun X clispasp is an d its m icrobic. 
in citant must hp- left for Iuturr exper imenta l work to decid e. For 
the present we mu st l'p-gllrd it liS st iJI II 1l0thl'I' Iorm of encephul itis 
and most prohahly it is un related to encep hal it is lethar gica . 
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JAPANESE ENCEPHALITIS 
(Taka.ki virus) 

In 1!}24 t here wa s an p pi( lrllli l~ of eur-eph alitis in .Iapan. This 
epidemic occ urred in t hr- SIlIllJ11 1'/' and involved uhout li,OOO cases, 
VariouR invest igators at tempted to t ransmit t he lli ~l'a s (' t o an imals, 
Takaki (44 ) has re po r ted tha t he suceeedcd ill six t ran smissious of 
the vi rus of t he dispase to rabbit s with ma te ri al from six fat al ('asps . 
Accordin ~ to t h is invest igator t he virus ill inoculable h)' hot h COI' I1t' ll 

and brain as well as other orga ns. It cou ld not hp cul ti vated nrt i
fieially. Takaki states t hat t he symptoms pr odu ced ill rahh its by this 
virus are not simila r to thos e in duced in rabbits wi th th o herpes virus, 
Furthermore cross immunity t ests with the Takaki virus and herpes 
virus show that th er« is no relation between th e 1.'\'0 vir uses. 

Commontimr II pon the .TIIpHlll' SI' <1 iSl'ase in a r eeent paper F'Iex net" 
(4ft ) states : " In view of this d iscord ant fiindiug, th e question arises 
whether ti ll' .Iapnn cse awl t hr- Ell ropl'an ( 'pi rll'l1Iil~ ,ji St' II:-: I'S are patlio
Jogically th e same. F ortunately t his qu esti on can he answered, and 
apparently in the affirmative, TI1l' clinica l and pa thologi cal (It';;<:I'i p

~ i ons which have been publ ish ed show (,Ios(' simi la r itv. Through the 
kindness of Professor Kimura , of t he Imper ial Univr-rsirv in :-i/-' llCl lli. 
I have been ena bled to exa mine specimens t aken from t he brain of 
fatal eases. These sp ec imens show pHt hologieal eh lllll!I'S dos!'ly re
sembling 1hnse found in rh v hra in of Europeans aud Aiucrieuns who 
have succu m bed to epidemic en eep hal itis. T he chauges 01' lesions a re 
of tw o SOI'ts : III onouuelear ( Ivmphoirl ) infilt ra ti ons of t hc blood vas
CIlIaI' sheaths ami brain tissue, and deJ!l'nel'ation of ga nglion and gli a 
cells, 'I'he d istribut ion of t he loxiun» iii also typica l. Especial a t
tention may he drawn to t ill' les ions in t he substa ntia ni gT Il which 
lire pr oiui ucntl v p resen t ill t lIt' .Japanps\" .'s well as in th e EUl'opl'an 
cases of th e disease." 

'!'hi s au thor ca lls attention t o ti ll' virus r eport ed It,\' Kl illg and 
Liljonq ui st ( 4" ) in Sweden in 1!)21 wh ich thes e invest igator s obtai ned 
from a case of ep idem ic ence phal it is. Th e expe ti urent nl dist'ase pro
duced by th is virtu; shows a ch r on ic pathological PI'OCPSS rather 
than an acu te process and in this r espect <litrers £1'011 1 all th e other
viruses whi ch ha ve been rep orted . Some invest iga tors take the stand 
that K ling an d Liljenquist we re dealing' wit h t he virus of spontaneous 
encephalitis in I'llhbits but Flexuer states" T here is no doubt that the 
Swedi sh cases of ep idemie ence phal itis are identical wit h the oth er 
European and the American cases. . .. . . th ere iii strong reason to 
believe th at th e Japanese epidemic disease is of t he nature of t he 



462 PORTO RICO REVIEW 01" PUBLIC llEALTII AND THOPICAI, )(BDICINE 

European and American disease. The essential differences relate to
the microbic incitant described by Kling and by Takaki. As tested 
by these discrepancies, the epidemics would have to be regarded as 
distinct. The fundamental question raised by the discrepancies is 
therefore, whether the experimental findings arc not open to the sus
picion of not revealing the real incita nt of the epidemic disease." 

For th e present the -Iapanese epidemic of encephalitis III list be 
regarded as related to epidemic enecphalitis as it OCClIl'S in other 
parts of the world, Its virus is aile of the few which has been 
isolated frnm th e brain tissue of human cases of the disease and is 
unique in its unlikeness to the herpes virus. 

VACOINATION ENCEPHALITIS 

. Within the lust two or three years there have appeared cases 
of encephalitis which have apparently been related to vaccination. 
Turnbull and J\lclnt()~h (-I. ) , TIeYlIlaHll ("), Aldcrshofl' ( 411 ) and 
others have written reports I1POI1 this subject. Heymann quotes 
.Tenner's observation on till' inhibition of the development of the 
smallpox vaccine pustule ill patients with herpes. . Turnbull and 
Melntosh have reviewed seven cases of eneephalomyalitis which were 
definitely connected with vaccination. 'I'he only virus demonstrated 
experimentally in the brain and cord was a vaccinal virus. The post
vaecina I encephalit is develops from nin e to fifte en c.1a~·s after the 
vaccination. 

Levaditi, Nicolau and Bayarri ( :;0 ) regard this ~orm of encepha
litis as the flaring up of · a latent virus of epidemic encephalitis 
already present in th e ct'ntral nervous system. Thi s theory is also 
concurred with by Netter (51). Bastiaanse, Hijl and 'I'erbnrgh (G2) 
SUPPOT't a similar idea. F'ielder (53) states that 52 instances of dis
ease of the central nervous system, after vaccination are recorded 
and he helieves that vaccination activates viruses already present 
in the system. 

Luckseh C4 
) on the other hand maintains that encephalitis fol

lowing vaccination is caused by the vaccine virus. 'Wilson and 
Ford CO'- ) point out that a diffuse nonsuppurative encephalomyelitis. 
HIlly occur as a I'HI't' hut specific complication of variola , vaccinia and 
var-icella. These authors further state that the vaccine virus has been 
demonstrated in the cases ef encephalitis following vaccinia hut not 
in connection with variola and varicella. These authors believe that 
the condition is in reality uncommon and that. many such cases have 
been mistaken for tetanus. 



Jo' II /I'I-:H.\HLE VIR Ul'; AND RICKI,TTSIA DISEASES IN 1'HE TROPICS 463 

Luekseh has suggested the use of the Paul test with sp inal fluid 
from t hese cases. He beli eves that corneal lesions may be obtained 
in rab bits with spinal fluid fro m t11('se cases whi ch ma y he rega rded 
as charac te r ist ic of smallpox virus. 

This question is of special in te res t fro m the medico-legal point 
of view parti cularly if the possibi lity of tetanus in fect ion is invol ved. 

SPONTANEOUS ENOEPHALITIS IN RABBITS 

The st udy of ex peri menta l ence phalit is in r abbits has been tom
pli cated hy t he presence in tlwse animals or spontaneous encepha
lit is. Spo ntaueous encepha litis ill rabbit s was first noted by Bull call ) 
in H1l7. Bull wa s st udying th e brains or rabbits ino culated with 
streptococci and f'ound l'oeilI areas or necrosis surrounded 11y lympho
cytic cel ls. Th ese areas wer e near th e blood vessels. showing a peri
vascular infiltration extendi ng f rom the meninges. Snhseque utl y 
Bull exa ml nc d several hu nd red l'libhit s having snu ffles a nd found one 

wh ich had ac ute iuenin gi ti s wit h pei-ivaseulur infiltrati ons wit hin 
t he eerehrum. Reasoner (57 ) in HIHi 11l1l1 noted simila I' changes in 
an imal s which had received intra venou s inject ions of sy p hilit ic ma
ter ia l. Th ese obscrvat ions indica ted th at th e stock ani ma ls might 
be or igi na lly affected h,\' th is process an d tha t it 1Iorl' no relat ion 
to t ht, exper ime ntal proced ures ln-ing' st ud ied. 

In 1922 Oli ve r e~ ) first spo ke of a xpoutnueous el rronio meningo
encephali t is of t he rab hit. Tlds a ut hor found about 2lJ per cent 
of stock an imals an d an imals bough t 01.1 t hu market showing t he 
l'hlinl!t's uot od above, 'I'he an imals were in a ppa re nt henlt h y COlI 

diti on. Du ring the same year Tw ort en) descri bed spontaneous ence
pl mliti s in a ha tc h of r abb its whi ch was cha racterized Ii,\' definite 
symptoms. The onset was in sidiou s, til l' t emperature subnormal, the 
hai r fell out, the animals lost weight and th ere was a di scharge from 
th e eyes . Later mu scular weak ness progressed, the an imal developed 
conv u lsions and died in coma. 'l'wort and Archer lat e I' transmitted 
the ma lady 10 fou r yo ung rabbits and attempted to link up this virus 
with neph ritis in anima ls. 

1\lcCal'tney «(.0) found that about half' of :372 rabbits exa mine d 

ha d such lesions and tha t in certain groups of animals as high as 76 
pel' cent wer e affected. Th e les ions consisted of pcrjvnscular, 1I1en
in geal, parenchymato us , and su bcpc ndy mal infi lt rat ions wit h mono
nuclear cell s. Here and tho ro WCI't' focal a reas cons isti ng of ag
gregat ions of cells. T hese areas were dist r-ibute d t hroughout t he 
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brai n, Neerot ie foci W!'I'e found in )i>...-pC l' cen t of the b rains ex

amine d, 

Later several iu vestiga tors made a st u dy of this condition in 
I'll bbirs and amomr them Levad it i. Nicolau and Schoe n (111 ), These 
au thors noted a m ic ro -organ ism in t he lesion s which t hey d esi gnated 
"Encephalitozoon eunic u li " . The pa rasi tes W (' I' I' f ou nd next to t he 
suhcort ica l nodules of f'p it IH' lioi d an d Iymphoeytoid cells and 0('

cas ionally in the bra in su bsta nce. 'I'hoy ap peared to be in eys ts mid 
usu a lly 20 t o 40 mieroonra n ism s W(' J'(' fo und i n each cys t, Si mil ar 
orga ni sm s hall a lr eady heen desl'I'ih l-'(l b,\' V.'ril!h t and C ru ighcad in 
Hl2 2 a nd h,\' Doerr a nd 7Jda nsk,\' . Lntor in H12-! sim ila r organisms 
werp d l'scrihpd by Cowd rv a nd Nieholson ( " ~ ) wh o t ermed t !lPlII 

Prorozo an -like parasites. 

That sp on tan eous en eep ha lit is ex ists in appa reutly healthy rah
hit s is now all est uhlished fa d . This knowl edge should 11(' (:/lI'C

ful ly cons ide r ed in connect ion with cxp eti mcu t ul stndi(,s with cnc e
phal it is material. 

POLIOMYELITIS 
(Infantile Paralysis; Acute Anterior Poliomyelitis) 

Infantile pn ral vsi« is a u neuto , systcmic. in f'eet ious disease, oe
cu i-ring hoth epHll'l lliealiy and spol'lHlica ll,\' , an d is caused 11,\' a 
spcc ifir- ti lt r- rnb lc vi r us, ' I'h« virus or pol iomy elif is attacks t he 
nervous svstem an d nHI,\' a tr!'et 1'\'1'1'." pari or ti lt' co rd alt hou uh it. is 
p rom- 10 localize chiell," ill t l1{' an t .... rio r horus o f t he grav ma tter. 
T hl' posh ' l'iol' horns, ho we ver. muy h I-' seriou sly ill \' 01vcd, III SOIll(' 

ins tu nee« Ih l' hra ill it sel f mav Ill' all'('eted , t il e chuupes as it r ille be ing 
mOI'(' pronou ucerl in I h p llasp o i' t hI-' h rai u. Sym p to ms of spast i« p nra
iysis il1dieul ps 1ha t t he ltH'llill ~ e .~ art' also in volved in ('('I't ai n cases, 

m :-;TOIlY 

Pol iomvclit is has undou htedlv ex i;,1(' ~ i sin ce ancient t imes. '1'0 
l l n d erwood is g(" J(~ I'a ll ," g iven th e r- ri-d it [lI) ' l.h« first doseripf ion of 
thi s (lis('Wo,(', \VI' have h('('11 una ble' t o read a hook by this author 
«nt it lod .. A 'rl'(';-Itisl' Oil t.!w Di:-\'II S(':' of Child reu " published in 17H4 
but WI: M 'C 101(1 hy Vuu gh an wh o ha s "twlif'd his work that t his 
author undouhn-dlv dl'scl'iht,d infa ut ih- paralvsi» a t t hat time under 
th e titl c " 1J1·bil it ,\' of the L ower. E xt romit ios " . Tut il 1'('( '1"111 Yl'lII'S 
p oli om veli ti s " 'I1S 110t r ecognized as 1111 infecti ous d isease. The l itera
tUI'C of t he last cen tury spoke of th i» di sease as the Hein e-Medi u (Us



PILTERAllf.l·, vmus .vxn /HCK ETT SJ.\ J)ISEASES rx Til E T IW /' ICS 465 

MI se because H eine (03) in 1840 definit ely est ahlished t ho di sease as a 
clinica l entity and :\Iedin (64) in 18HO wa s th e first to carel'ully study 
an epidemic of the disease and describe its va r ious cl inical ruani
fest at ions. 

'rhe first outbreak of in fant ile paralysis in th e Un it ed States 
in 1 8~J-t. was descri bed by ellverly (' l:'). T his ep idemic occurred in 
th e sta te of Vermont. Th e first re ported ep idemic of t his disease hall 
occu rred in Sw eden in 1881, the d isease appearing the next year in 
Ita ly and in 1 8 ~ (i smal l outbreaks were noted ill Germa ny, F'ran ce 
an d Norway. During t he decad e l 8!JO t o 1non t he re wer e minor 
outhrenks of the d ist'ase in lt aly, F'ranee. Australia, England, and 
in th e In it ed States. The ep idemic at Rutl and, Vermont, ill 1894, 
consist I'd of 1:{2 cases. Between 1900 and HllO epid emics of the dis
ease in cr eased ill proportion and sever i tv . '1'1)(' disf'ase was . prac
tically pandemi c in Norway and Sweden from 1!)Oa to ]!J07. 1"1'0111 

1!)07 to 1910 large epidemics occurred in several of the Eastern and 
~Iidw e s tern stMes including KI'W York, )Iassaelmsetts, Iowa lind 
~rinnes ota . At th e same time t he di sease was endemic in various 
parts of Europe. U p to 1!11 0 the Uni te d States ha d contributed OYeI' 

five t housand of about eig ht t housa nd eases which had been reported 
in various pllrls of th e world (';'1). Rosenau states t ha t 1'1' 0 111 .1 ~}l O 

to J !l1 4 the re \\'('I'C over 18,llOO cast's or t his d isease r eported ill t he 
Uni ted S tutes and du ring 1!l1 5- lli th en ' wer e :31,500 1II0r e, In 1!.l 1G 
al one t his author st ates t here were 29,000 easf'S, and (i,OOO deaths 
res u lted f rom t his d isease, New York City reported in t his ep idemic 
uea r ly !l,O()ll r-ases wit h 0\'('1' ~,.lOO (It'a tl ls. 

DISTRIBU'l'W N 

Poliomyelitis is esse ntia lly 1I wa rm-weathe r disease yet cases arc 
excee di ngly 1'lII' e ill tropica l eounrr ics. It. docs oeCII I' in t he tropics, 
howovor , but never in large epidemic propor t ions. 'I'h« disease alse oe
cu rs in cold cou nt ries as evidenced hy th e epidemic in I celand in 1924. 
'I'ho greatest number of eases arc re por ted during th e summer months. 
As a r ille the disease is manifested only h~' sporadic cases during t he 
winter months alt hough cold-weat he r epidemics hav e been n-ported . 
(Sweden 1911 ,) 

E pidemi ologi sts sta te th at infaut ilo para lysis is usuallv I1IOI C 

preval ent in sparse ly sett led commu nities th an i ll th e lal'g'c cit ies. 
Its in cid ence wa s ext re mely high in New Yo rk City during I tl1ti hut 
as a rule it is highest in r ura l commu n it ies. From ava ilable s tatist ics 
males arc slightly mo re suscept ible than females an d Dil per cent of 
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cases are found ill children under ten years of age. Tn th e New 
York Cit y epidemic in 1916 th e ease mortal ity rate WIl S 26.96 per 
cen t. 

TI U; VIRUS OF I'O J...IO)IYELITlS 

In 1905 Geirsv old (") isola ted certain ba cte ria and especi ally 
cocci from spinal fluids and tissue specimens f rom caws of in fantile 
paralysis. In 1!JO!1 Landst einei- and Popper ("~ ) attempted to infect 
two monkeys with emulsified spina l cor d obtained from a child who 
died on th e fourth day of an attack of in fantile paralysis, Both 
monkeys were injected intraperitoneally an d one monkey died on the 
eight h (lay following the ino culatio n. Th e second monkey developed 
paralysis 011 the seventeenth day and was sacr ificed for study on the 
ninet eenth day. Twn monkeys were inoculated with cord emulsion 
f'rom til(> second monkey but neither were apparently affected by the 
injeetions. 

While Landsteiner lind Popper were unable to transmit the dis
('lise from monkey to monkey th ey were able to study care fu lly the 
anatomical chan ges produ ced in th e fi rst two monkeys. The examina
tion of the cords of t hesc tw o anima ls showed the pia to he infil t rated 
with sma ll, round , (l fleply-sta i n i ll~ cells ehicfly along the an ter ior 
medi an f .ssu re, T he substance of t he cord exhibited areas of inflam
mat ion chiefly in the cervica l area , These areas consisted of per ivas
eula r in filt rat iou and di ffuse infiltration int o th e su bstance of t.he 
C01'(!. H emorrhagos were also no ted in t he gra;\- matter. These 
lesions wer e also found in th e medul la, pons and brain st em th ough 
th('y were not so intense. Th e ganglion cells of t he anter- ior hor-ns 
also shOll-cd evidences of invasion and. degeneration , TIIP lesions in 
t ho seco nd monk ey were simila r- hut 111 01 '( ' pronouueed in t he lumbar 
regions, Llemorrhngos \\'I' )'C ahsen t awl t hen' W CI'P Iewcr infil t rat
ing polvmorph onueloni- leu cocvte s ill t he' ('01"(1 su hs tanes . 

:\ bout th e sa me t ime Knoep l'clu rach m- (' ;;') reported t he success
fill t rausm ission of t hi» (li st'usc to a monkey in Vi en na. This animal 
WlIS a lso injected int r a peri tonou llv and deve loped sy mptoms o f para
l~'i;j s on [lIP twelf' t h da v , A sl'('O! IlI moukov injected with mater ial 
f'ro iu t h(' (il'st monkey rema ined unnfl'ected al though t hl' histological 
find in gs in the first an imal 1lg"I'eed with th e descr-iption given hy 
Laudstoin er a nd Popper . During t he Same vcar Lundstciner and 
Levad iti ( ;0 ), Lehw r anr l Wiesner' C1 ) , and H OIll CI' e~.> succee ded 
in t ransmit t iug the virus of pnliomyel it is hy t he int racerehr al rout e 
to 1I10nke;\Ts. Lan dstcin er :lIlcl Levudit i a Iso demonstrated tha t th e 
virus is filt er a ble, a fuet wh ieh, 11II knowiI t o them a t t he time, had 
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been learned by F lexner and Lewi s in the United States, Lainer and 
Weisner al so found that paralysis r esu lted following the injection of 
the virus into the intestine or stom ach, 

In 1909-10 F'lexner and Lewis e:l) demonstrated in depen den t ly 
that the in fections agen t in poliom yeliti s is a filterable virus. These 
authors were able to inf ect monkeys at will with bacter ia free fil
t ra tes by both subcutaneous and in tracerebral inoculations, They 
were also abl e to pa ss this vi r us fro m monkey to monkey by means 
of filtrates and ill t h is way st udy the incubation period of the d isease 
in this animal, t he clinical forms of d isease, and the anatomical 
changes produced by the virus. Unde r the dark field microscope 
F'lexner a nd L ewis obse rved innumerable brig ht, dancing poi nts and 
when st aine d with Loeffler 's flagella stain they found minute roun
dish or oval particles which wer e absent. in filtrat es prepared with 
normal rabbit spinal cord emu lsions, 

F'lexner ul1 d Lewis used fOI' material t he sp inal cords from two 
cases of infa nt ile paraly sis in human beings, One patient had died 
on the fifth or sixth day of th e disease whil e the second succumbed 
on the fourth day . T he spinal cord obta ined from th e latter case 
conta ined wide-sp re ad lesions affecti ng hoth the gray ma t ter and 
white. S ixteen ho urs after death t he cord wa s emuls ified and in
jected intraecre hral ly into monkeys. Sym ptoms of the disease began 
to a ppea r in from six to forty-e ight hours before paralysis developed. 
Symptoms of paralysis \\'l're found to develop in f'ro iu four t o thi r ty
three days with an average per iod of about nine days. Altogether 
these au th ors infected 83 monkeys in their fir st. study, In regard 
t.o the vir us, F lexn cr and Lewis found t ha t in comm on with many 
other flltc ra hl e vi r uses, the virus 0 I' poliomyel itis resist s the action 
of glvecriuo 1'01' at least seven clll~-S an d also I't\s i'sts clr:,;ing over eaust ie 
pota sh for th e same pe rio d . T lll'j' also demonst rated t ha t t he virus 
of po liomvelit is r eta ins its virulence when kept constunr ly l'roxen 

a~ 2° to 4° C, for a t h-ust I'or ly d a ~' s , '1'1)(' virus ;s dest royed in 
the filtrat e when heated for one hal ]' hou r at 4iio to iiO° C, 

Ou t of 8:3 monkeys (of several species ) infect ed with th e virus 
of pol iomvelit i~ hy F'lexner and Lewi s only (i fa iled to develop para
lysis, T hese auth ors hel ie\'c t ha t t hey hnve de tec ted some evide nce 
of immunity in monkeys which had been previou sly infect ed a nd at 
least partially r ecovered , find were t hen re inoc ula ted . The." st at e 
"in no in st ance <lid t he second in oculation p rod uce II Fra nk re newal 
of th e disease or ap pear t o r et ard th e progress towa rd reen very ", 
In eth er ex pe riments a he ated vaccine prepared of infce1cd spinal 
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cord \VII!; tried for preventive purposes but in each case failed to 
, protect the animal when given simultaneously with the test dose of 
virus, 

'rile cultivation of the virus of infantile paralysis yet remained. 
F'lexner and Lewis noted the clouding of serum bouillon when. a 
Berkefeld filtrate of the central nervous system tissues of poliomyel
itic monkeys was added to it, an observation which was also confirmed 
by Levadit.i (,.1) but which proved to he due to protein precipitate 
and 1I0t to virus, In 1913 Proescher (1(;) found in stained smears 
from th e nerve tissue of poliomyelitis-infected monkeys certain eoeens
like bodies. Such bodies have also hcen described in rabies and their 
precise nature is unknown. 'I'hey have not heen found in poliomyel
itis material taken from human cases. 

In 1!Jl:3 Flesner a!HI Noguchi (Til ) described the cultivation of 
the virus of poliomyelitis. The . medium consisted of human ascitic 

.fluid to which was added a Irugment of st('rile fresh tissue. In the 
initial cultures the exclusion or oxygen is necessary hut . it is sufficient 
to covel" the liquid with paraffin oil for this pu rpose . Also cultures 
were obtained without. fresh rabbit tissue by using fragments of 
poliomyelitis brain in ascitic fluid. Brain tissue extract and sheep 
serum water served nearly as well as ascitic fluid, especially when 
fresh rabbit tissue was added to the medium. 

'I'he supposed virus of poliomvelitis stains hy both Giemsa and 
Gram methods and appears in stained SIIIt'l-Il'S as variable numbers of 
minute globoid bodies, arranged in pairs. 01' short chains, 01' in small 
aggregated masses. In the fluid eultur« the pairs and chains pre
dominate. Once growth has been obtained in fluid medium sub
cultures ran be made on solid medium consi sting of agar, ascitic fluid. 
and <L fragment of sterile tissue. On solid medium the organisms 
develop as pairs and as aggn'g-atecl groups. Cult ures of the sup
posed poliomyelitis virus were obtained by tl1\'s(' authors from fresh 
poliomyelitic brains (monkeys), from filtrates prepared from in
fected In-ains, and from glycerinnted poliomyelitic brains. 

Th« individual organisms are sair] to average about 0.2 micron 
in diameter, the limits of visible bodies being 0,15 to 0.3 of a 
micron. The minute glolloid bodies usually appeal' if; cultures by 
the sixth 01' seventh day. Growth begins slowly hilt increases rapidly 
later on and is usually complete by the eighth to the twelfth day. 
The cultures remain unchanged for several (lays in the ineu bator" and 
are preserved for several weeks in tlie icc box. 

The virus of poliomynlit is is sensitive to ordinary disinfectants 
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being destroyed by a 1 :500 solut ion of pot assium permangnn at e ; 1 
per cent menthol in oil ; O.ii per cent salol ; ii per cent boric acid : and 
one per cent hyd rogen peroxide. The vi rus remains virulent in milk 
and water for about thirty days according to Levaditi and P asti (17). 

The virus cultivated by Flexne r an d Noguchi is open to grave doubt 
as bein g the cause of this dise ase and mu st await further confirma
tion. 

I~c un.\TION PERIOD 

The incubation period is usually ShOI1, from one to three days, 
np to four t een days, with many instances of seven days. Ay cock and 
Eaton (7") have studied tho disf'a sp in. families and judging from. 
secondary cases which become infected they est imate th e incuba tion 
period to be tell days to e ighteen days with the average at fourteen 
days. The exper imen tal disease in monkeys demonstrated, in the 
hands of F'lexner and Lewis. an average in cubation period of 9,82 
days. Th is was ca lculated from th e time of in oculation until the 
first symp toms of paralysis occur red. It is not t hought t hat the 
incubat ion period ill human beings varies much from that in mon
keys. 

S Y:\l l"I 'O)IS 

TTl monkeys t he\'e is no iuunedi ate efTed following inoculation. 
Nothing unsua l is noti ced unt il six t o for ty -eight hours preceding 
the onset of para lysis. The animals then may show certa in prodromal 
manifest ati ons. These consist of ner vousness an d excitabilit v, tremor 
of t he head, fa ce or l imbs, shifting gaze, hairs somew hat erect, 
and the animals prefer to re main qui et. Th e paralysis develop s 
suddenly . F' loxncr- and Lewis stat e ., In ge nera l it. may be stated 
that any of th e larger groups of voluutarv muscles 1Il 1l." he firs t 
involved. " Til 81 an imals inoculated by 1.1l('8e authors. 40 monk eys 
developed paralysis in the lef t leg, 21 in the left a rm, 10 in all 1'0111' 

Iimhs, and S monk eys ha d bulbar and cerebral sy mptoms , With t ile 
development of pa ralys is ill 11 large !.!'roup of muscle s other mu seles 
may he found wpak or paralyzed . The puralvsi« is associated with 
marked in coordination r esulting in violent pseudo-convulsions: epil
eptiform con vulsions with ton ic an d clonic muscle-spa sms ; and fi
nally, accord ing to F'lexn cr and Lewis, sudden death wit h th e a pople c
tiform type. These authors state that death ha s OC<:11I'I'e(\ within 
-thir ty minu tes of t he first appea rance of cel'ehr al sympt oms. 

In the nat urallv oceu rri ng disease -in human beings the diseuse 
.eomes 0 11 suddenly unrl is cllnnwtf'I'i7.er! hy feve r. irrita hil ity, and 
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in many cases with nausea and vomiting. Paralysis usually appears. 
within a few days (three or four ). I n som e cases the paralysis is 
the firs t symptom noted. Abortive attacks without paralysis may 
occur in epidemics. - During thc acute stages of thc disease the spinal 
fluid contains an increased number of cells (usually 200 or more) 
and an in crease in globulin . . Paralysis usually remains stationary 
for a few weeks, improvement is gradual but in some cases recov
ery takes place within a few months. Residual paralysis is usually 
permanent but improvement may follow proper treatment. 

ANIMAV;: SUsCEP'rIBLE TO TIlE ")RUS 

Man is apparently the natural host for infantile paralysis. MOD

keys of many different kinds are susceptibl e to the virus, Flexner 
and Lewis were unable to infect guinea-pigs, rabbits. ho rses , calves, 
goats, pigs, she ep, rats, mice, dogs or cats with this virus, Man 
and monkeys alone remain susceptible. 

l:\{l\!U!\"I'I'Y 

One attack of infantil e paralysis confers a high degree of im
munity. Second attacks have been report ed but are rare. As men
tioned above Flexner and Lewis found that monkeys whi ch had re
covered from an attack of the disease were f'ound to have developed 
immunity. 'I'he serum of immune 1Il01l1{l:'~Ts possesses virucidal prop
erties for th e virus in vitro. There is 110 ra cial immunity t o polio
myal it is although the majority of cases have occurred in whites, 
Various preparation s of infect ed nerve ti ssu e have been -t ri ed for 
vaccination, such as dessicat ed cord, heated cord emulsions, ehern
icnlly treated I'lIlu!s ious, ('\e.. h ilt none of t hese methods have been 
sufficiently eStllhlisherl to warrant their use in human beings. A 
se rum in horses is Said to h ave been prepared hut its preventive and 
t reatment qualities have not heen st udi ed sufficien tl y to make any 
statement regarding it. :H(H'(' r(,c( ~lltly couvalesec n t human serum 
ha s heen employed with what. appears to he verv eneonrag ing re
sn its. 

TRANSMISSIO!\" 

There are many theories regarding the tl' an SIIIISSI OIl of thi s dis
ease, 'I'hcre is evidenc e that t he di sease is spread Irom person to 
person and that. healthy carriers of th e virus may exist. Flexner 
and Amo ss ('(' ) have shown that the "il'IIS, is presen t ill the naso
pharynx of both monkeys and human cases of infantile paralysis 
early in the course of the disease. Other invostigutors have abo found 
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the nasopharynx of monkeys infected following experimental inocula
tion (Osgood and Lucas). Rosenou, Sheppard and Amos ('0) 
were unable to demonstrate the virus in the nasal 01' oral cavities in 
convalescent cases. Amoss and '1'aylor (51) were ahle to produce 
infection by placing the virus upon this membrane. 

Other theories of . transmission have been considered such as the 
insect-horne theory, milk-borne infection, air-horne theory, the animal
reservoir theory, transmission through wounds, etc. 

Rosenau and Brues ("' ) have demonstrated that the virus may be 
transmitted from monkey to monkey through the bite of the stable 
tiy. This work was confirmed hy Anderson and Frost (~:l). Epide
mics have been described as being due to infected milk supply (lD16 
and .1925). It is possible to induce infection by way of the gastro
intestinal tract, hut it. is not thought that infection usually takes place 
in this way. Neustaedter and 'I'lrro (8i) have been able to induce 
infection in monkeys with dust. collected from sick rooms and SUg'

gest this mode of transmission in certain cases, In regard to a pos
sible animal reservoir fOr the virus of poliomyelitis there is at pres
ent. no evidence of it and the theory of infection through wounds 
possesses nothing in its favor. 

For the present it seems best to regard poliomyelitis as a contact 
disease though many features of the disease cannot be explained 
upon this basis. Future epidemics may give us more definite infor
mation upon this point. 

PA'.rHOLOGY 

The anatomical (·hangl's found in monkeys han! alroadv been 
briefly described. In human beings the lesions are not only in 
the nervous tissues hut also in the parenchymatous organs and lym
phoid structures. In the nervous system the virus attacks the men
illgTS particularlv of the cord and medulla. There is a cellular in
flanunation of the pia most marked uronnd the hlood vessels. The 
walls of the vessels arc also infiltrated and their lumen narrowed, 
The YCSsP]s entering the nerve tissue a re also affected, Anemia, 
edema and hemorrhages result. The sceondarv degenerative changes 
ill the nerve cells of the pons, medulla, eerehrum and cord, are sec
ondary to the lesions in the vessels. Transient paralysis may be due 
to edema 01' temporarv vascula r ohstru et.ion f'rnm pressure. Penna
neut puralvsis is due to degeneration and actual destruction of the 
ganglion cells. Any part of the r-ent ral llCl'YOIlS system may he in
volverl. The symptoms depend upon the extent of this involvement, 
The changes arc chietiv ill the gnl~' matter of the a nt erior hOl'IIS and 
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consist of acute deg enerat ion. The nerve cells 11111:>' di sappear en
tirely being replaced hy leucocytcs. Hound-cell infiltration may he 
noted in the posterior: horns, t he columns of Cla rke, and th e white 
matter of the cord . Similar changes are also note d in th e spinal 
ganglia. Also in some cases similar lesions may he found in the 
pons, medulla, cerebellum, lind cere br um. Lesions may he found 
in oth er organs su ch as broncho-pneumonia, acute pare nchymatous 
degeneration of the liver and kidneys , Th e thymus, Peyer is patches, 
and mesen teric lymph glands may he swoll en, Gross elianges at 
autopsy are found in the sp inal cord , ganglia and mu scles, The 
affect ed part of cord .may he smaller t han normal , th e anterior nerve 
roots are degene rated, the affect ed mu scles atrophied. 'I'hs affected 
Iimb may he shorter and th e hones may even he smaller than those 
upon the normal side. 

1'ln:VJo:N'fION 

Isola tion of cases of this disease is indicated . All di scharges 
should be properly disinfected. All art icles with which th e patient 
has come in contact should be sterifized. Visitors should not be 
permitted . . Prophylatic pa st eurizat ion of milk is ind icated. In gen
eral common-sense methods of preven tion apply, No definite program 
has as yet been formulated by epidemiologists for th e prevention of 
th is diseuse and p robably will not be until more de fin ite knowledge 
or its mode of sp read an d transmission is ava ilable. 

RABIES-LYSSA
 
(Canine Madness, Hydrophobia); Wutkrankheit, Tollwut (German) j La Rage
 

(French) ; Rabb1a (Italian)
 

D E ~' I:-<lT IO=--

Hah ies is an acut e, rap idl y fata l in fecti on of the central ner vous 
system. Highly spec ific it, is II <1isl'lIse pr-imm-ily of animals and is 
trausmit ted direct. 1'1'0111 one animal to another through a wound 
usually prod uced hy biting. I t. is IIIOst p revalc li t a mong curuivoru 
but. it is infectious l'or nearly <il l mammalia. Hahies is communicated 
to man fr om lower nniumls 11,\' means of in l'eetious sa liva introduced 
into th e ti ssu es t hrou gh a hit ing wound OJ' through suinll abrasion s 
ill th e skin 01" t he host . The di sease ill man is lllosl eonnnonly trans
mitt ed by dogs. 

IIlSTORY 

Although the actual virus of Rabies has not been demonstrated 
lJl t he saliva of infected dogs II )! to th e p resent ti me, it was dem on
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strated by Zinke as early as ] 80 -t- tha t the xa liva of r abid dogs is 
infectious. Se venty-five year« elapsed after this discovery befor e 
Galti er (>:.) was able to sh ow that t he di sease could be transmitted 
to rab bits through ar tificial inoculation (18 79) . In ] 8Rl , Pasteur ('6) 
with Chamber land and Roux Iouud tha t th e virus has a special 
affinity 1'0 1' t h c central ner vous system. Th e work wh ich followed t his 
discovery by Past eur and h is collabor ators from 1881 to 1888 will 
remain forever' as a classical achi evement in th e science of mod ern 
medicin e. During these ye ars th e method of immun izat ion, now in 
genel'alllS{! through t he world, W /l S perfect ed h~' Pasteur, HOIlX, Cha m
berland and 'I'huil lie r. The sto ry of this nuumifici ent eontr ihution 
to medi cal science is beautifull y portrayed in mosaic in the tom" of 
Pasteur at the Institute Pasteur which stands as a monument to his 
brilliant work. It was not until l!)():J that R emlinger (" ) demon
strat ed t he Iilternbil ity of the rabies virus. This was confirmed in 
]90+ hy Bcrterelli and Volpino ( ' '') and later in En :.1 in the lnited 
States hy P OOl' and Steinhardt ("'''). ~e gl'i C"' ), an Italian of Pal-via, 
Italy, in 190:.1 descr ibed bodi es found in t he cells of the cen t r a l nerYOI1H 
syst em, especially in t he largo ganglion cells of the hip pocampus 
major an d in the Purkinje cell s, wh ich now hear his nam e. Kegri's 
work has lJ ,~ I'U ilmp ly confirme d hy Volpino ("' )_ Da :\[ato C'2), 
Berterelli (1'3), 130sc C''' ), P oor ("Co ) and other in vest igators. I n ]!)J:l 
XO~I1 c1li repo rt ed t he cultiva t ion of ~ egTi bodi es hilt h is wOI'I, has 
Hot IJ(' C1I continnod up to the present time, 

DJ:-;TR JIll;no:-- OF '1"11 E 1l1:-;E,\81'; 

I{ a hi\,s ex is ts praeti callv all 0 \'1 '1- t he wor ld. It is most <:OIlIIlIOll III 

Fra nee , Bl'lg iUI II . Hu:>s ia. corta iII )li, l"iS of til<' UH itt'd ~t a It's ami III 

the' Philippin e Islands. rt is " :-Iill never to have hPI' 1I I lJ'(':':(,111 III 

Alist I'l-I lia and for more than nft ~· ~' elll'''; has not heen kn own in 
DplllllHrk, B\\-edt'll and Nell'\ray . Hahios was eradicate d from Em!;
land up unt il t he Wcrld \VHI' awl t hen 11 ~!Ilin reup pea re .l. It is ss id 
to haw been H~ain in t r od uce d hy dogs carried in lIPl'?plillles. One or 
the lar!-\,l'st rabies (-linie known to t he ant1101' is in tht' Ph ilippine 
Islandx where there is a daily c linio at th e Bureau of Sc ience of 
about s ixty patients reporting' 1'01' iunnunization . 

J:-;'C UDATIOK I'F:HTOJ) 

Th ere is no d iseaso ill which the incuba tion peri od va ries more 
markedly . Th e usual per iod of incuhat ion is l'r om t wo to eigh t weeks 
although cas es ill whi ch sympt oms did not develop unti l two y ea rs 
had elapsed a rc on reco rd . V a t-ions ex planat ions have heen advanced 
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to explain the latency of the \"iI'US in th e 'tissues. The most plausabls 
theory perhaps is the time required for the virus to travel up the 
axis cylinder of the nerve trunk to the eent.ral nervous system. Fa
vorahle conditions may not exist for the multiplication of the virus 
at the time of infection and the Vil'US remains dormant though alive, 
awaiting optium environment. Though purely theoretical this concept 
has its adherents, The incubation period also varies in animals, with 
the amount and virulence of the virus, with th e extent and type of 
wound and particularty with the location of the wound 'with relation 
to its nerve su pply. '['he average incubation period for various 
animals is usually given as Iollows : Man, 13 to GO days ; dogs, ten 
to forty days; Co\\'8, twenty-eiaht to fifty- six days; goats and sheep, 
twenty to twenty-eight days, pigs , ten to twenty-one days. POl' 

birds the incubation period ranges from fourteen to fort;'.' days. 

SYllIPTO:\I~ or' 'rilE DISI';ASr; 

Generally speaking, in (logs the first symptoms of th o disease ap
peal' two to eight weeks after th e wound, During the first stage 
of the disease (stad ium prodromorum or melancholicum ) there may 
he so little manifestation of symptoms that the condition is entirely 
unsuspected. '1'he infected animal may be somewhat irritable and 
depressed, capricious 01' may avoid all noise and activity and hide 
away in SOme dark place. On the other hand the animal may appear 
mildly excited, moving from oue place to another, scratch with the 
fore feet and without cause bark and bite at th e ail'. Strange persons 
provoke growling and snapping and slight stimuli often cause the 
animal to become startled OJ' jump up fr- iglrteued. One may observe 
during these paroxysms dilatation of the pupils and slight respiratory 
disturbances. About this: time the animal loses his appetite and later 
refuses all food. Difficulty in swallowing is quite ch aracter ist ic and 
although the animal seeks water he is able to swallow very little of it. 
By this time salivation becomes manifest and increases. Sexual desire 
is increased and licking' of th e genitals is quite common. Within 
one to three days after onset symptoms the animal passes into the 
excitable stage, (stadium excit ationis 01' acmes). The an imal wan ts 
f'reedom, to he away fro ill his usual surroundings, TIe will lick the 
ground, chew any object and develop a violent rage. Once loose the 
animal runs aimlessly often cover-ing long distuuee« and attacking' 
people and animals along the way, Tile eves .are blood shot and in 
lighting' with other animals the infected dog remains quiet though 
the normal animal howls and barks, I nfeeted dogs when caged re
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main qu iet but develop Ii violen t rage when t eased , Frequently t heir 
teeth arc broken in grabbing th e bars of th e cage and attacking obj ects 
with wh ich th e,\" are teased, S uch an imals have been known to hite 
red hot iron or bin-ni ng coal. St ages of exhaust ion follow suc h at
tacks and t he auimal falls dow n in unconsciou sness for indefinite 
periods, Ab out thi s time the ea rly symp toms of pa ralvsis appear, 
The lary nx nUl,\" first become paralyzed and is evidenced by the 
peculiar hoarse ba r k. Swallowin g bl:'cOUWS very difficult as the inflam 
mat.ion in creases and later there is degeneration of th c 11th an d 12th 
pairs of nerves. The a nimal refuses all 1'0011 and drink and th e Hight 
Gf water may provoke an atf aek , hence t he term hydrophobia. Circus 
movem en ts II11 VC been noted in this sta g-e. The paralysis gradua lly 
progresses and involves other parts of t he body. The jaw muscles 
be<..'OlIle paral vzerl and th e t on gue hangs out. the sali va flowing out 
of th e month in copious quantit ies. Th e eyes are full IIIHI the pupils 
dilated and the face has a peculia r cunning and troubled express ion, 
Crddually as th e par alysis sp reads t he an inial becomes emaciat ed , the 
exhaust ion in creases and the pat ient dies in con vul sions. Duriug t ile 
excitable st age t he temperat ure rises one to t.hree deg rees, but later 
during t he paraly ti c s tage t he temperature is usually below no r ma l. 
The pulse is r apid accord ing to Blaine (Ull). Courmon t an d Lesieur 
(97) fou m] that th e poly morphonnclea r loueoevtes are gradually in
creased in the blood to t he end of t he di sease. Noeard (9S) states 
that the urine usually conta ins sugar. 

W hile t his descript ion of the cou rse of t he disease in dogs may 
eften be somewha t modified , the same course, wit II slig-ht modi fica
tions, is seen in other inf ected ani ma ls suc h as the eat, hOl'SP, catt le, 
,,:heep , goats and swine. T he d isease has H course of from fou r t o 
seven days hut may la st [rom eleven to thirteen days or in excep 
tional cases even longer, Ar tifi cially infected dogs ha \'e been kn own 
to recover from th e di sease hut generally speak ing, with few excep
tions, the di sease is fatal ( Pusteu r ) , Cases where dogs wer e st ill 
alive while persons bitten by them had already died f'rom I'll hies, 
have been reported hy 'I'alko und -Iohn e (""). 01' th e untreated 
pe~ons bitten by rab id dogs, about 16 to 20 pel' cent di e of rabies. 
According to Babes (11'0 ) flO to no pel' cent di e after bit es of wolv es. 
In human being s the symptoms of rabies are cha racterized first by 
depression, it chi ng in an d a round the wound and Iever . Soon the 
patient becomes uneasy , respiratory ir r egular ities develo p, swallow
ing becomes d ifficul t and for all liquids there is a di stinot aver
sion. Salivation becomes increased, and, with the increased. reflex 
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excitability which develops, attacks of delirium appear. ./:<~naUY 

p aralysis begins to appeal' fir s t. of t he muscl es of the fa ce, eyes 
a nd tou gue, and grad ually in vol ving the trunk an rl lim bs. 

A~I:Il .l LS S ' SCEI'TIIILE TO It .iDIES 

All mammals are suscep t ible. B irds haw heen kn own to contract 

the di sease. Rabies is com mon in dogs, wolves , j ackals, foxes and 

hyenas. According to Ros enau (' ''1 ) the d isea se is comp ar a t ively rare 

in cats and skunks, T he author, how ever, has observed on e ep id emic 

o f rabies in cats in T exm-i which was rather extensive. The disease 
is cons ider ed to be much less Freq uen t in cattle, horses, swine, goats 

and sh eep, hut it does occur with symptoms quite simi lar to those 
found iu (logs, Rabi es CUll he truusmitted to guinea pig-s and rats. 

Infected birds not infrequently recov er, bu t in those in which the dis

case is fatal only two or three da ys ela pse be tween thc fir st sy mp toms 
and till' d evelopment of paralysis lin d death. 

THE vmus OF R,HIIES 

That the filto ra bilitv of t he virus of rabies is beyond qu estion 
has been amply demonstrated II.Y R em hl inger ami con fir med by Ber

t cr ell i and \'olp ina, h,\' P oor and Steinhardt and others , 'I' he vir us 

w ay a ppear in the saliva, five da~'s hefore th e ani ma l sh ows syuiptorus 
and bas been de monst r ated in t he sa liva of reco vered dogs t we n ty 

d uvs la ter. The Vi l'US is fou nd in t he tea l' gl ands, the adrenals, 

p ancreas, t lte spermatic flu id, vit reous hUlIlOI', urine, lymph, milk, 
s p inal flu id , ven tricu lar fluids and oceas ionullv ill the blood . )t is 
d ist ri buter l throughout th e eeu t ral nervous s~'s t el!l and i II t he peri

phera l I \('I'\' (' S s upply ing affpd ell parts or th e body . 

The virus of rabies is supposed to h:1\'c bee n cultivat ed 11,\' N oguchi 

("'" ) in 1!Jl:l. Noguchi pla ced sma ll pieces of hrain ti ssue from 

rabid animals with pieces of kidney or ht'llithy rabb its into ascitic 

fluid, Aftel ' incubation at :H d f' ,l!'l'e SS C. and nl'tcr several genera

lions, he found minute p leomorp h ic bod ies which sta ine d red with 
Ui pllIsa's method . In oculation of thi s mnt ut-i al into s usce pti hl« rab

hit s p roduced typical ru bies. 'I'h \-::,p. PXP" !'i lllen ts have 110t been «on 
firm ed by other investi ga to rs. Volpius ( ''''') as well as Kraus (104) 

have observed s imila r bodies in st el'ile ascitic flu id and conclude 
tha t t hey a re id entical with lipoid d r-oplets. Th e ex pe r imen ts of 

Pf'e iler and Klump (' O~ ) who d escribed th e cul t ivat ion of rabies in 

pepton e: conta inin g 'J[ll i-tiIJ 's ' bro t h have n ot been confirmed. 
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R/!:::>IS'J'.\:-/CE OF '1'111:: \'lRVS 

Th e virus in nerve tissue. when protected from light and dried 
lit 20 to 22 degrees C. d ies ill from five to eight davs, It is destroyed 
·lty sunlight i ll about forty hours when exposed 011 glllsS slides in 
thin layers. It. is quit e resistant to putrefaction. Glycerin pre
serves t he virus. The virus is resistunt to freezing hnt is destroyed 
when exposed to 60 degrees U. tor one-half hour. Pi\'(' p el' cent 
phenol destroys the virus in about seven days though it resists D,5 
pel' cen t. phenol. Cumming (I nil ) ha s shown that the virus is de
stroyed in about three hours by various aldehyde compounds. The 
virus is destroyed h~' 0.08 per «out formaldehyde within two hours, 
and by a 1 :1O()() solution of hichlorid of mercury 01' iodin within one 
hour. 

I':\TtlOl,o(lY (CELL I:\'CLlJStO~S-KEIlRI BO"IE~) 

At. autopsy, in eurnivoron» animals, the stomach may be found I~OIl
traeted and empty 01' filIe(l with fOl'pig-n suhstnnce« 1'IIl'h as straw, 
hay, sand , piec es of wood , stones, bones, hail'. leather, feathers etc. 
The lllUCOU !> membrane of the stomach is injected lind the ru gal' show 
hemorrhasres and eros ions. F oreign hodies may also hI' found in 
the oesophagus 01' intestines. 1'11('1'{' may also he present a ca ta rr-ha l 
inflannnation of th e res pira to ry or gan », hyper emia of t he salivary 
glands. the liver, sp leen and kid neys and II U edematous inflammation 
of th e lIH' niug'l's and 0[ th e g ruy mntter of the bra in. ::-;clHdrel' C07) 

recently studied th e changes in th e cen tral nervous system in six 
cases of hydrophobia in man, H e Joiuu l cellula I' infiltration with 
either ea p itlury or Iurge hemorrhages ill th e segment 01' ti ll" spinal
cord where the nerves coming from the place of in fectiou enter, in 
the perivaseular lymph spaces, ill the walls of th e vessels of the 
gray matter of the unter-inr horn, ill th e vicinitv of the central 
eanal and abo along the connective t issue trabecula e of th e white 
substance. Tn the nerve cells he found filn-illut ion, hyaline and 
vascular degencrutiou, granular disiuregrution and pigmentation atro
ph)' of th e cellular bodies. In the medulla, below the floor of the 
fourth ventricle and around the oriuin of the 12th. 10th and 7th pairs 
of nerves. t Ill')'p wer e found hyperemia, perivascular cel lular infiltra
tion and small hemorrhages, Th e nerve cells showed signs of do
renel'lltioll. Slight hyperemia and cellular infiltration were fonnd in 
the brain, Csokor and Dexter (lOR) attach great importance to small 
foci of inflanimat.ion in th e brain and to the perivascular cell ular infi l 
tration hut 'l'rolldenior found that these lesions arc absent in about 
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Yet Galt ie r' eI' ) observed in te rmit tent I'ah ips ill t 11'0 llo~ s and Lig
ni e res e1(') ill one (log. A f'te r t he first attack II m a rked im p r ove
ment followed , ill :{fi, 2i a nd 2l'i d a ~·s. respe-r ively : however, an ag
gravation wit.h fatal terminat ion r esul t ed . Hecovery of do !!:> I'l'Om 

rahies has al rea dy 1Jl'l'lI 1I0te(1. There al so seems to ex ist souie degree 
of immunity in man aga inst t ile v ir us of r ah ios ax evidenced by the 
f'aet that or all persons hav iug 11(-'(' 11 hit t en hy rah id ( l l1~ s. sl\('h 
eases not receiving uny prot ective t reat ment, onl y s ixteen to tw enty 
1'( ' )' «ent develop til l' d isease , 

III genera l, however, cO II" it!l'l'illg' t he suscept ihl« f ClI"Jlls of life it 
ll Hl y h I' 'sa i(l t hat "olllparat i\'l' ly l it.tle .n nn u n itv ('xists III III the IW CI'S · 

sitv of' g iving pro tective iunnun ization ill inoculated eases , wheth er 
IIIUIl 01' an ima ls, is It i ghl~' import ant . 

A eeordimr to Horowitz- Wlassowa ( 1 ~ 1I ) til(> S("'1I 111 of rabies in
feetcd 01' iium unized rabhits g: i\"(' S fixation s with t !l(' ra hies vi rns 
(fixed vir lis ll S well as st reet virus ) . F ix ation \\'11'; nor ohta iued with 
the serum Ill' persons subj ected to preventive treatment against, r abies. 
Kraus and Mlehalk» (121) su gog-psl tIJI' IISC (}I' boiled anticens in 
d iagn osti c tests ill ease" suspected of hl' ing ' ra bies, The sa me an
1I 1OI'S ( 12~) lind that the complemen t fixation r ea ct ion , using both 
Kokt oan tigen and glvee rol extract of th e bra in of r abbits ill f'ectod 
wit h ra h ips, t Cll!et.l!I'I' with im m une serums, is as spt'eifie as it hils 
lu-en with other filtr-ruhh - viruses I'Ppo l'1I'd hy K I'1I11S. 'I'akaki ct al. 

According' 10 Xedrigailoff ami Sa wtschenko (1'" ) t he serum of men 
a nd anima ls t hat 11II\'p (li('c1 of rabies g ives a spe r-ifi« r eact ion wi th 

1111 antigen p repared from t he slI liYl\J'.\· g-lands of II ru hid a nimal. 

. \ rrifieia l imm u niza t ion lIIay hI' l'a rrh·t! ou t according to several 
methods. Dvtail s of 1Il t'~p metho ds may he foun d i ll st andard t pxts 
on h~'g i l Ill' a nd hal't (' I ' i ol og~' , '1'11 (' various methods wh ich have been 
U"I,J a1'(' as follows: 

1. Prot ect ive Ylt<'ci nnt iou w it h dl'iNl Joiuhst an ee or sp inal cord, 
1'1IS! ( 'lIl' ':; lII e t hod. 

2, I'l'o( ,(, !i\"(· vaceiuu t ion wirh d ilut ed \ iru s, Il og'y (-'s' II Il'tIIlHl. 
:t Protect in· vucciunt ion with d ('si.·catl"d.at -low-t pmpP!'!l1ul'e 

vi ru s, Hurri« nWlhod , 
J, Prot ect.ivc vncci nut iou with d ial ,vz \,(l viru s, Cu nuning m ethod . 
ii .� Protective va ccinatiou by in t ra venous in.iect iou 01" cor ehrul 

s ubsta nce (for ani ma ls ) . Galticr 's meth od. (Co ns ide red 
un sa ti s f'aet orv. ) 

n, Seru m innuun lzut iou and vaccjnnt ion. Ball('''; and L:' PP 's 
m et ho '1. 

7. P rotective vaecina t ion wit h ph en ol-g lvcer in ized virus, 
Umen o an d Doi method, 
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Of all th e methods of' prot ect ive vac cination ment inned above the 
Pasteur IIl1't11o<1 is still in most gen era l lise throughout the world. 
'I'her e art' many mod ificat ions or th is hilt the f und a ment als rest upon 
the orig inal Pastenr methods, It is impossibl e to compa re r esults 
wit h t lu- va r iou s methods l·it r(l although each has its adhere n ts, 

Artificia l imnmnity appears ill about two wl'pk:-; nf't er treatment 
and lasts for a varying period of t inu -. In genera l it is though t that 
immunity con ferred ill this way la sts abo ut a year a lth ongh it is 
known that in Some cases protect ion fai ls en t ir ely awl a sma ll per
(~(>n tagf of treated cases di e of 1'8 hies, Th e immunity produced is 
1I0t of th e nature of 1111 an titoxin. The serum of an imm u nized 
animal is virucidal for the virus 01' I'ahies in vitro, the immune hollies 
appearing ill the hlood a bou t twenty duy« following the last injection 
of vac cine, Recently the writer (12.') has called att ention to the 
work of Kel:.;er (13~ ) in which this author "'HS able to produce im
munity in rabbits against th e rabies virus hy the use of a chlo1'01'01'111
treated ti ssue vaccine. It is possible that hy this method Kolser' has 
been ahl e to product' a mitigated virus of low virulenc e which is 
capable of inducin g immun itv, These exper imen ts IUlYe not as yet 
been con fir med , 

CON TROl. O}O' RABIES 

Various con t rn l uu -asu re s al'(' ad vova t od to l,p<,p this di sease with ill 

boun ds OJ' to totally er ad icat e it . Th('s\, measures a re d iscussed 
u - detai l in 'sta nda rd n-xts 011 prc ven t ive med ici ne. In ~rll erul th ey 
cons ist of (1 ) Laws regulating im portation of dogs: (2 ) :'Ifllzxling; 
(:l) Quaruut ine : (4 ) licenc ing'; ( fi) ed uca t ion and r esponsihility, dud 
(6 ) im m unizat ion . W hi le prot ect ive vaccinntion of dogs (t he most 
importa ut reservo ir of the virus of ra hies) is just now hecoming 
general throughou t th e world , th is measu re h ills fa il' to alter mo st 
favorahly t he pictu re of this di sease as a publ ic-health p robl em, 

COMMON COLDS-THE ACUTE CORYZAS 

Under th e ,hellc1illg of common cold s We inc lude a group of neu te 
infections (exu da t ive and catar-rhal ) of th e !lOSP, throat, Iarynx. 
t ra ehen, and larger bron chi . In some ('aSl'S th e SilJllSCS a rc involved. 
Epid emic s of " colds" are common a nd the infection aPI H'ilI'S to 
sp read wi th grea t N ISC, Th e infect ion m ny local ize in one membran e 
such <IS th e nose ( r hin it is ) or in t.he pharynx (p ha ryng it is ) or' two 
or more meinhranes 'may lw involve d. Til so me cases t he sin uses, 
na sopharynx, throat, trachea, and larger bronchi may all hc affect ed , 
" Com mon colds" are to he r egarded as a n acute infeeti ous disease 
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and not merely us congestion of the respiratory membranes produced 
hy drafts of cold air, changes in temperature, etc, Under normal 
circumstances the ciliated epithelium of the respiratory tract pre
vents, to ' a large degree, the entrance of bacteria from without, 
However, this mechanism is not perf'eer and untold numbers of mi
crobes enter the respiratory t ract, ,Also it is now known that the 
laerymal and nasal secr et ions exert a mild germicidal action and this 
is likewise true for the saliva, There is some evidence that the secre
tions from other mUCOlH; membranes of the respiratory tract possess 
bacteriocidal properties. The mechanical lind chemical nature of the 
mucous membranes of the respiratory tract then tends to prevent 
infection under normal conditions. 'Wh y then are colds so prev
alent i It is estimated that about ten per cent of human beings are 
at all times affected hy "commOn colds" of a I-{reater or lesser degree. 
I ndou btedly thoro arc many predisposing causes to the development 
of " colTl mon eolds" hilt the chief reason common colds He so preva
lent is the fact that they lire due to acute infections caused by one 
or more specific infectious agents, 

'I'hc " COI1l 1ll0n cold" hal': attracted more attention in rec ent years 
than ever hefor e. 'I'll(> med ical profession and the public at large 
have begun to realize the importance of this disease especially in 
its relat ion to epidem ic in fluenza and pneumonia and its econ omic 
im por ranee to the nation in t ht' enormous 101'8 or working hou r'S wh ieh 
results from these infections. 

nactpl'iologists have long- been con cern ed with the 11roh1c111 of the 
comm on cold a11(1 many attempts have been made to isolate the 
cau-ntive organism. At. va r ious t imes suc h m icrobes ll S pnoumoeor-ei, 
influenza bacillus, strcptoeoeei (bot h heui olvt ic a IIII viriduns )', sta
phyloeoeci. micrococcus eat a rrha lis. lind diphthornids have heen cnl
tured fro 111 th e rcsp iratorv t ruet of cases of " common colds. " Of 
the relation of any of these hal't PI·jal forms to colds little is kn own, 
::;0 I'll!' tIH'l'l' is no llil'pet evidence that any of those buet eria should 
h(' incriminated as t h« shl l!le etiolog ieul I'lll'tor of t hl'St' infeet.inns, 

Huter ce ll) in 187:3 first tl/';,;cl,ihpd II mir-rococeus as the eanse of 
emrunnn colds. In 1888 Hajek (1 ~;) reported the presence 01' a Jarze 
diploeoeeu« (D iploCOl'CIIS cory zne ) found in the earl y st ag es of acute 
cold s. Paulson ( 12") in 1890 examined a number of cas es of COJII

mon colds am] found various eocci and bacilli ill th e nose and 
throats of these patients. Cant lev (1""), a few yea I'" luter diseovererl 
th e presence of a diphtheroid baci llu s in sew n our of eight cases 
of cold s of vurious types. H e beli eved t h is organ ism to hI' the ca use 
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of acute colds and designated it B, eoryzae segmentosus, Benham 
eSO

) qu otes Gordon as having found Cantley's bacillus in seven 
cases of colds. With this organism Gordon was able to p roduce 
illness in guinea pigs from which they recovered after a few daya, 
Benham also quotes White as having found Cautley 's bacillus in 
seventeen out of t wenty-one cases although inoculation experiments 
on guinea pigs, rabbits, and monkeys were negative. 

In 1906 Benham found a diphtheroid organism, which he believed 
to he identical with Cantley's organ ism, in twenty out of twenty-one 
case s of colds. He named this organism Bacillus soptus. . Mieroeoe
ens eatarrhalis was also present in several of Benham 's cases. In 
1902 Golm and Pfeiffer (,.11) found the micrococcus catarrhalis in 
81 out of 140 cases of infection of the respiratory tract, These au
thors regarded the presenc e of this organism in respiratory infections 
lUI a snprophy te which, under favorable conditions, gi ve's ris e to an 
acute in fection . Bezancon and de -Iong (' :;Z) during an epidcmic of 
influenza in Paris in 1905 found various organisms present in the 
respiratory tract. .Among th ese were microco ccus catarrhalis, Mi
crococcus puratetragenus, t he pneumococcus, F riedlander 's bacillus, • 
staphylo coccus, st reptococcus, and diphtheroids. Duri ng t he same 
year Dunn and Gordon eO") po inted out t he eti olog ical imp ortance 
of t he 1\1. eatar r halis in an epidemic in Hertfordsh ir o, I'~ n ghmd while 
Allen (1J4 ) during the following year isolatcll 1\r. entn rrhn l is From 
several cases of "colll lllon colds" in t hc same country. Neumann 
(135) in 1902, as a r esul t of his extens ive st ud ies on the cti ology of 
common colds, conc luded that d iphtheroids and pneumocoeei. ana per
haps other organisms, could produ ce colds . This investigator found the 
micrococcus pyogcn es albus presen t in 86 to 90 per cent, d ip htl u-rnids 
in 98 P Cl' cent. Ill.' sta tes that i H st "a ins of dip hthe ro ids isola ted 
by hi m WCI' P found to he non-pat hoce n ic when illocnJatcd int o g-uin ea 
pigs a lt hough pathogeni c stra ins of t his org an ism were found in in
fect ed cases. Bot h Lingol..heim e "';) a 1111 Ba ru es (l:lr) have shown 
that s t re p tococci may cause in fect ions of th e nose. pharyn x and 
ton sil s. Th e strcptoeoccus has, of cou rse . long h pPII est abli shed as an 
et iologic al agen t in ep idem ic. SOl 'C throat. :\lat hel's (, ::,) in 1!H 7 
and Floyd ( l::~ ) in 1!J20 deser ibed streptococci and stnphyloeoeei in 
relation to ep idemics of acute respiratory infect ions oecurri ujr in 
Chicago lind Bost on , 

Tn 1920 in the Boyl st on prize essay, ?\Tu lleI. Grant an d Goldma n 
(140) ha ve reviewed th e en t ire literat ure on t he acute resp iratory in
fections and a f'te r a careful ana lvsis of t he va r ious bacteriologic find
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ings state: " S ince the early days of bacteriology, attempt has been 
made hy tlie several proponents and opponents of the infectious th eory 
to ref er the I' common cold" on the one hand to th e action of a specific 
microorganism, and on the other hand to various environmental and 
constitutional causes, such as exposure to changes of temperature, the 
'(lithemic diathesis" and what not. Although perhaps laudable as 
philosophi« ideals, sueh efforts to explain the many phenomena in
volved hy a single cause are less deserving seientifleally, and have 
met with just failure, The common cold is, as a matter of fact, 
in most instances the result of a local infection, hut th ere are many 
types of cold and many infectious agents responsible fOJ' t liem ; and 
the effect of various constitutional and envit-onmental factors in 
determining infection is often of great importance. Further-more 
there are many acute inflammations of th e upper r espiratory tract 
not primarily due to the local act ion of microorganisms, hut rather 
to local expression of chemical or mechanical irritation, of thermal 
trauma, of ner"0118 reflexes, of drllg intoxicat ions, of constitutional 
disease, or anaphylaxis". 

In If)] :] 'I'unniel iff C·ll ) investigated 82 eases or common colds 
ill Chi cago and from !12 pel ' eent she isola tell a bacillus to which 
she gavc th . name B, rhinitis. AIso this investigator Found th e same 
organism in DO pel' cent of 20 CaNCS of chronic colds (rhinitis ) . In 
normal throats she was able to produce a slight inflammation with 
the B, rhinitis and the organism was recovered in most cases from 
the artificially iuf'ec ted throats 18 10 20 hours after inoculation 
and in a few eases two or tln-ee day later. 'I'1I1111icliff vaccinated 
two volunteers with t his organism and Jrom "a riations in the arsonic 
index she believed that th el'(' WIl S evidence t hat this organism is the 
cause of eouunon colds, 

Kruse (1.12) ill 1Vl.J- filtered th e nasal secretion 1"1'01ll a case 
having acute coryza and th en placed II f ew drops of th e filtrate 
upon th e na sal mueous membranes of 12 volunteers. In four of these 
eases acute colds developed. 'I'lll' period of incubation in th o posi
tive "lakes " ranged 1>Pt:\\"( 'l'lI one and 1'0111' da~'s , In Ihi's experiment 
the infected nasal secretions were diluted 15 times with salt solu
tion, In another expe r iment Kl'11Se diluted th o infceted nasal seere
'lions from an acute corvza pati ent with twenty t imes it s volume 
before filtration, I n t he test expe r iment with this filtrate :36 stu
dents were inoculated and 42 P CI' cent developed acute symptoms 
(If cOI'Y7.a within one to four days. 

'l'hc experiments of K"ll sc were repeated by Fost er (1n ) in 1915, 
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This in vestigator confirmed the pr esence of a filterable virus in the 
nasal secretions of cases of acut e colds. 1raterial taken from a ease 
,of acute coryza, diluted and passed through Berkef'eld N filters, 
when inoculated into nasal cavities of ten soldiers produced symp
1(1)n8 within eight to thirty hours in nine instances. In seven of 

Foster 's cases th e symptoms of acute coryza were definite and clear 
cut; two reacted questionably, while one case exhibited no symp
toms, Foster states : " 'Phe initial symptoms, as a rule, were dry
ness of the nose and throat aud , attacks of sneezing, dull frontal 
ltea<1achc and a sensation of pain and fulness over th e frontal sinu
ses. Sev eral of the men complained of alternate sensations of chil
liness. and flushing. 'I'here was copious rhinorrhea, usually on the 
seeond day, in a majority of the caSI'S. Six of the suhjeets oxhibiter] 
11 slight rise in temperature-fJ9.2-100 F. and in these cases tho 
pulse was accelerated. 'I' inni tus aurium 01' slight impairment of 
"hearing was record ed in four instances; SOI ' C throat in 5; cough in 
,5 ; and aching pains in the hack 01.' extremit ies iu 4. On « of th e 
men com pla ined of parotid tenderness and pain 011 moving the jaw : 
in another case a marked crop of herpes labialis was not ed . The 
-d n ra tion of th e symptoms varied :1 to 6 days-i-nsually 5," 

Foster was unabl e to obt ain growth of ally organisms from early 
-eul tu res of his filtrates but un der the darkfleld micr oscope he noted 
myriads 01' extremely active, minute bodies ueetu-r ing singly, in 
pairs, lind ill masses vary ing in size. In older cul tures ( ]4 days ) 
·or hi s material Foster found minute coccoid bod ies which varied in 
size from those which WI 'I'e harclv visible to bodies larger than sta phy
lococci. The larger bodies ofte n showed smaller horl ies adher.ng to 

-t hem. This microbe stai ned with Gil'lllSa hut not. well with ord iua ry 
laboratory sta ins. The predominating type noted hy Fost er was a 
small globnid body measuring' 0.2 to 0.3 of a micron ill diameter. 
In conclusion P ostel' stall's : It becomes eviden t a t once thut this 
microorganism diffprs mnrkedlv from any known organism with the 
possibl e except ion () f th e "glohoid bodies " described by F'lcxncr and 
Noguchi, and believed by them to be th e causative factor in polio
myelitis . An extremelv plcomorph ie st reptococeus, t he 111 iuute fo rms 
of which hear some resemblance to this micro-organism has r ecoutly 

been described ill connection with poliomyelitis. also. by Mathers ( 1'1 J) , 
Rosenow, TOWill ' anrl \VlI (,t'l"r (ll ~). and Nuzum mill H erzog (116)". 
Later Fost er compar ed his microbe isolated fr om cases of COlll lllOll 

eolds with tIle or ganism descr ibed hy F'lexner and Noguehi for polio
myel it is and also with the strep tococcus described lIy Rosenow, Towne 

•h 
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hull Wheeler, His examination showed that th e organism isolated 
from common colds differs from the poliomyelitis virus in that the 
former is subject to IIHlIl.'" variations in 'size and th e larger forms 
show evidence of budding, neither of which is true for the Flexner
Noguchi virus of poliomyelitis, 'With regard to th e streptoeoeeus 
Foster found that his organism showed little tendency to chain forma
tion, and .t he pleomorphic forms, common to the streptococcus, were 
absent. 

Foster was also able to demonstrate that his cult ures were filter
Hille through Berkfeld X filters and that filtrates of the cultivated 
organisms in the second generation are infective when tested upon 
volunteers. 

'1'11c question naturally arises as to whether thi s microbe might 
not. exist in svm hiosis with a true ultra virus of common colds. 
No instance of such a phenomenon however is known (with the ex
ception of Hog cholera ). Again the organism described hy Foster 
might he a stage in the life cycle of lin ultravirus and modern in
vestigation upon the filterable forms of bacteria (tubercle bacillus, 
streptococci, etc.) lend support. to this concept, In thi s connection 
Foster recalls the work of Hurt, Lakin, lind Benians in which these 
authors suggest that epidemic meningitis may he due to an ultravirus 
while the meningococcus found ill the spinal fluid of these cases re
present s "a late phase in the }ife history of an unidentified micro
or ganism that is the true infective orgunism " . These authors demon
strated that it was possible to obtain a pathogenic virus from the 
sp inal fluid of acute cases of epidemic nieningitis after" t he spinal 
fluid is passrd through a Chatuberland F' filter. 

Tn support or this th eory Foster points out that the microbe 
isolated by him fro III cases or commo n cold s shows a eouside ra hl e varia
tion in size and further that from 7 to 14 duvs moe needed in order 
to obtain I:rrowtll of the virus , Th e virus is cultivated under anaerobic 
conditions. In conclusion Foster says , .Although conclusive proof of 
its na ture has not been ndduced , the experiments su ggest that the 
micro-organism described bell1'8 a de fin ite I elat ion to th e true in
f ective agent of COIl1I1l()J! colds " 0 It shou ld he pointed out however 
that 1"08te)' 's : controls are 110t ent irclv aeccptu hie. 

Mudd, Grant, mid Goldman in the Boylston prize essay after a, 
careful S11rYey of all the important investl gations whi ch ha ve heen 
made on the etiology of the " common cold '.' fm-ther stnte : " A filter 
able virus Seems without question to lIP th e ca usat ive agent in the 
corvza or one fairly well defin ed t.'"\)(' . . . . (1 ) A common and0 0 
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fairly well defined clinical entity, an acute coryza, exist.." probably 
with the filterable virus of Kruse and Foster as its causative agent. 
This affection is readily communicable and probably does not. depend 
to any great extent upon the action of exciting factors in depressing 
the resistance of the subject. (2 ) A heterog-enous group of pure and 
mixed infections of the nose, pharynx lind tonsils exists with various 
clinical pictures ... .. some closely approaching that of Foster, 
others illerI' circumscribed inflammations . . . . . and with anyone 
of a considerable number of bacteria capable. under appropriate 
circumstances, of acting a's causative agents." 

Of all the bacterial forms which have been described by the various 
investigators it appears that the pneumocoeens, streptococcus, R. 
diphtherial', B. rhinitis, Pfeiffer's bacillus and Friedlander's bacillus 
haw 111<' hest claims to f'tiologielll 'mport in relation to the acute 
respiratory infections. 

While it is well recognized then that the "colllIllon cold" is to be 
regarded as an infectious disease, authorities are also agreed that 
there are a number of predisposing factors in the development of 
such an infection, Furthermore there may be symptoms Qf eoryza 
which are not related to infection but which may be caused by one 
or more of these factors, It. has long been thought by the layman 
and by physicians that drafts of cold air may cause colds. Chilling 
of the body surface, particularly onc portion of the body surface, 
is now thought to he a predisposing cause in the development of colds. 
In fact, the general statement uiay he made that anything which 
lowers the resistance of the host, may predispose to in feet.ion. Prac
tically all texts are agreed on this thesis. It follows then that. I'X

posnre to cold dra Its contvibutes to t.he development of colds. Mudd, 
Grant; and Goldman have shown that the chilling of the body surface 
causes reflex vasoconstriction and ischemia of tho mucons momhranes 
of the nasal cavity, nasopharynx, palate, oropharynx, and palatine 
tonsils. These authors believe that ischplllia may he the llH'1Il1S of 
•(l\1"(:l'iJlg 1hI' local r es istance to in fpct ;llll. Rosenau ( H ~ ) stares . ' ell ill, 
ill~ ca uses vasomotor contraction of the j'apilllll'ips of the skin, whieh 
is doubtless designed to conserve hody tompornturo , coincidently 
thoro is turgidity of the erectile ti ssue of the mucous membrane of 
1I:p turhinutes. which is Jlrohahly a defensive action. This congestion 
partly closes the nose and causes snuffling' and increased !o~l'(\I'(~tion, 

whieh: is ordinarily cancd a cold. A great variety of mcchanical , 
chemical and even psychic stimuli will produce congestion of the 
cavernous tissue over the turbinute : in fHet. t.hr- 111n COIII-; mcmhrane 
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of the nose may become YCQ' sensit ive, even hypersusceptible . Ana
phvla cti c reactions to pollen and prot ein s are common mani festat ions 
of t he nasal mucosa, " 

V augha n e ~") st a tes in this connection " [n 0111' opinio n, the 
acute coryzas arc most rationally ex p la ine d on th e g round t hat th ey 
are due to prote in sens itizati on. They may be caused by any prot ein , 
living or dead, organized or unorgan ized , pa rticula te 0 1' in solu t ion. 
Om itting f rom consideration Fost er 's t heoret ical globoid bodi es. sus
pect ed in h is subcultu res, his expe ri ments an d those of KJ'Usc ar e 
mo st easily explained on the ground of protein sensitiznt.ion . Th e ;';l~ 

experimen ts are pract ically duplicat ions of th e ophthalmic tuberculin 
test. A minu te trace of tubercul in dropped into t he eye of a patient 
in the early stages of tuberculosis causes an exudative inflammatory 
act .on. In 1111 probnbility, Fostl'I" 'S soldiers had been prevlously 
sens it ized to the same p rote in whi ch existed ill his nasal secretions 
nnd in those of his lahoratorv assi stant, If t h is be t ru e, it eoul.l 
not. he otherwise than that an iuflarumatory rea ction would result 
within n fe W' hours after the applicat ion of this protein to t he nasal 
lr\1 WO US mem brane of t hese sold ier s. ' ' 

W han writing t he a bove, Vaugha n was not. aware of the later work 
01 Feister in cu ltivating t h(' miero-orguu ism with whi ch h e wa s ab le to 
produce colds in volun teers . P erhaps th e main thesis of hi s theory 
of th e or igin of colds he would han' stated not.withstaurl ing . H ow
ever in view of F ost er 's wor k, con fir ming' and extending as it docs 
the experime nts of K r use, and fu rther in view of the I'CCPlIt studies 
of O li tHk~' an d Gates (140 ) on II filt erable Cl g'pn t which th ey hel ieve 
to he t Iw cause of in Ilucuza . science is not 1 · 1' 1Hl~· to accept Vaujrhan ' :'I 
theory of sensit ization as t hc only ex planati on for common colds. 
Neither , Ior that mut t er, a re we wi lli ng, without more conc lusive 
data, r eady to accep t t he filterabl e virus origin of colds an d in 
Iluenxn , \Y I' III list , ho wever. in t hr hroad interest s of scie nce , giv e 
th ese theor ies an d experime nts ~'{'l'ioIl S considerat ion. 

Under present condit ions, in viow or all wr- han' been ab le to 
11'111'11 h~' ex 1'1'1': nu-n I al work and t hOllg-h observat ion . \\" 1' a re ine li ned 
10 agre« with Mudd. Grand and Goldman thnt a clin ica l en t it y 
I'X 's ts ill till' form of Ih l' iufr-etious r-old. 8 im ilal'I~' it is w('11 known 
1!'lI1 (ofll '~'Za is eou unon ill SO IllP P POJl}P wh o IJeCOIlw se ns it izod to vn rious 
~ lI 'O \P i Il S , Cons eque nt lv a ela ssificat iou of " cohls " m ijrht he suggeste d 
as follo ws : 

( 1 ) Common colds whi ch m'p duo to in fectious llg"(·lItS. 
( a ) Vnriou» pa t hogcn ie bac te ria 
( Ii) ll' iItera bIc ,.i l' USI'S. 
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(2 ) Colds which are due to local sr-n tit iza t iou to various 
prot ein s. 

To t hese group s should II(> added th ose predisp osing causes whieh,� 
in and of themselves, are not the cause of told but con t r ibute to� 
th e development of colds hy creatin g f nvorahle eom lition« for in fec�
tion Ity micro-organ isms 01' sensitization to \ ' In;OU s proteins ot he r� 
than in fections agents. Unde r th is heading we should include (1)� 
d ra I'ts of cold ai r whi ch produce a ch illing of th e body surfnee ; (2)� 
ehe mica l 01' mechanical ir r it at ion ; (:3) t hermal t I'll 11lila ; (4) n CI' V01l6� 

reflexes : (il ) drug in toxieation s , ( ii) cons t it utional di seases ; and� 
(7 ) psychic influ en ces, etc . In gen eral any fm:101' whi ch may lower� 
t hll rcsist anee of t he host to in fect ion or lead to spceifie sensit i�
zation ma y be r egarded 11 :-; a predi spo sing- ca use ill th e development� 
of common colds ,� 

While the subject 01' th e common cold is 1I0W recogn ized to Ill' 
nne of t he most im porta nt. problems f rom the standpo int of the health 
of t he human race, th ere st ill remains mu ch work to be done in ca re
"11 1 Invest igative wo rk of it:'< ca use or cau ses. \Ye flrt' inc lined to 
feel that tIle work of Foste r and Kruse has g iven us fairly eonvine

I.
ill!! evidence that lit. least one t ~Tpe of "eold" ma.y be dil l' to a filter
abl e virus and t hat futuro in vestigative work should Ill' done al ong 
th ese lines to en able us to better underst and th e na t ure of tlwse 
agen t:' and t he mechan ism hv which suc h in fcetion tn kcs place. 

INFLUENZA 
(Epidemic InJ!.uenza; La Grippe; Grip) 

[)IWI N ITIO:-.' 

lnfl uenza is 1111 (I (' \ ltP , hill'hly conmmnic able. I'pl,,'ilp (li:< c1i sP. ehar 
ad(' r ixed hy ca ta rrh of th e' l'l'sl:ir'ntOl'Y t ract and in snun- cases of 
the a limeu tm-y truer, hy pa in-, ill t he head awl III Il s l:.111atn re, IIy 
its t endency to bronchial and pn eu mon ie eompl ieat ions , and h," its 
occurren ce in epide mic an d paudcmie Iorm . T he disease is als o 
nota ble 1'01' it s sudden onse t and extreme prost rat ion . Th e cuuse of 
influ enza ha s not been (kfinitdy (letl' I'mined but it 1111:> hecn thought 
to he dil l' to a minute filt erabl e virus, bect eriuu: l lll CU Jl/O,<l ill flS , de
~('I'ih ('d by Olirsky II l1d Glltps ( " " ) . 

J 11 ::'~I'O ltY 

Va ugh a n (W) states th at .. Wh at ap peal's t o be th e first. r ecorded 
ins ta nce of an influenza epide mic is referred to in L ivy in 412 
B.C." ·While accord in g to t his author these rarly reports are not 
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authentic, they appear to he influenza because of their sudden onset 
and wide distribution, Vaughan quutes Hirsch as looking upon the 
year 1173 as witnessing' the first epidemic of which authentic reports 
arc available, Influenza during that year spread over Italy, Germany 
and England. This author states that the first great pandemic of 

the disease occurred in 1;')10. At 1his time influenza spread from 
Malta to Sicily, thence into :::lpaill, Italy Hungary, Germany, France 
and England. 'rhe symptoms of the disease consisted of f'evet-, cough, 
hoarseness, headache, anorexia, insomnia, pains ill the stomach, 
kidneys and legs. Symptomatically then this pandemic may have 
been due to influenza, From that time on history records numerous 
pandemics of the disease. Great pandemics arc known to have oc
currcd in IG!)O, 17;{2, 1781, 1830, 18H3, 1f\36, 1847, 1850-51, 1855, 
1857-58, 1874-76 and 181:!D. In North America epidemics have oc
curred since 1557. Vaughan records the various epidemics as fol
10\\":s: 1557. 1580, ](;47, 17:32, 1737. 1760, 1780, 1789, 1805. 1.824, 
18BO, 18;~6, lEWl, 1850, 18liO, ]tWB, 187:), 1874, lS7!!, 188H, 1891, 
l!JlG, IHIH. Thl' last great patldl'\lIil~ occurred ill H118-19 and again 
in the winter of 191!l-20 . TIJ(' diseuse ent et'ed .\ merieu in Sep
tcmher of 1!)J H. Thousands of 'men were mobilized in the army 
camps and the disease swept through these hordes of men like a. 
tidal wave leaving' great numbers of dead in it s wake. III thi-, 

epidemic the disease had its highest mortality ill the age 'group 
of 20 ' to ;35 years (though the disease was by no means confined 
to this group ) and for that l"ea8011 greater mortality resulted in 
th e army than in civilian life. During this year the disease spread 
all over the world to pandemic proportions and is considered the 
most Severe outbreak of influenza -in the history of ;n time. Ae
cording to Vaughan (W arreu) the 191t-! pandemic had its origin 
in the United States and the virulence of the organism was enhanced 
by passage to and from Europe. 'rhe common complication of the 
disease in this epidemic was pneumonia. The pneumonia rate was 
somewhat higher among colored troops than among- white troops as 
was abo the death rate. Out or 1,4Hfl,OOO men under arms in the 
United States, Vaughan states that :3H8,a4:~ had influenza, 01' 22.6 
per cent. Tho death rate among these troops during epidemic WIlS 

1.56 per cent. In t he American expetlit iouary Forces abroad there 

wl!re 1,745,000 men under arms and of this number 77,828 had ill
fluenza, The death rate in this group was only .48 per cent. This 
has been explained by the fact that the soldiers in Europe were 
seasoned llIen , . . . having come from camps where influenza had 
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been present and so had acquired some immunity to the disease. 
While the mortality in civilian life during this epidemic was lower 
than in the army, it Was greater in the cities than in rural com
munities. Undoubtedly the crowding of human beings contributes 
to the great spread of the diseuse. It. is thought that the disease is 
spread from person to person through coughing, sneezing, and by 
droplet infection from the mouth, nose, and throat of infected per
SODS. Carr-iers of the virus of influenza may transmit the disease to 
healthy persons though the)' themselves 11111,\' be unaffected by it, 
Dust may transmit the diseuse from infected persons to healthy per
sons, hut for the most part the disease i.s probably disseminated from 
person to person, A comprehensive analysis of the lust great pan
demic of influenza is given b)' Vuughuu and for a detailed analysis 
the reader is referred to his work. 

orsruunrrtox 

Influenza mav oceur in pandemic form and exist practically all 
over the world wherever man. its natural host, «xists, Small epidemics 
are undoubtedly ill existence ill some parts or the world. at all times. 
Per-iodically the disease reaches pandemic proportions and must be 
explained either hy a diminution of the normal !'csistancl' or im
munity of the host, Or by an increase in the virulence of the virus, 
or perhaps a combination of both. 

'I'HE VIRUS m' IN1<'LUENZA 

In 1892 Pfeiffer (Hi!) discovered the influenza haeillus ill :31 cases 
of clinical influenza. The bacillus was present in smears 1'1'0111 the 
pharynx and sputum, 'fhis organism is a small, Gram-uegative, 
non-motile, hemogloblnophilie, bacillus which grows aerobically at 
:n° C. on blood agar. Various investigators havs found this or
ganism. almost constautly in the throats of influenza cases . It iii 
present in about thir-ty per cent of normal throats and also occurs in 
cases of measles, whooping- cough and in other in Iectious diseases. 
Pfeiffer claims to have produced influenza in a few instances in 
monkeys, and a typical f'orui of the dist'ase ill rabbits, It is interest
ing to note that d lIrillg the Hll 8 epidemic a variety of organisms 
were reported hom the different army camps in the United States 
a.~ being the predominating organism in the cases of influenza in those 
particular localities. III some instances staphylococci predominated, 
in other cases it was a streptococcus or a pneumococcus, while in others 
tIle Pfeiffer bacillus was the most common organism found. All of 
these ohservat ions ha ve led to the opiuion that the influenza bacillus 
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(.1' P feiffer ma y 1)(1 onlv a secoml a rv invade r and whil e not 1i.; IIdunr. 
.~a n se of iufl ue nza. it may become exceed ingly viruh-ut , :ll ' ;: ' a . 
secondary invader contribute to tJ1(~ most severe complr-ar ; : : . i ren
mon ia ) of the d isease. Evon lIOW opinion r emai ns d ivided II'." to the 
role t he influen za bacil lus plays ill cpidenrie influen za. ~ (':ne au
tho r iti es st ill believe in its eti ologic si~lIi tiei :n('I' and t he question 
remuirrs unsettled . Aft er the d is l ~ o \"t'r," hy P fei ffer of th e in fluenza 
hacillus t his invest igator found in t lrr e» cases of broncho-pneumonia 
following diphtheria in child ren <: ..imilar bac illus, although some 
what larger, which lit' designater' ,·,,.;cud a influe nza bacillus , Whether
th is orga nism, rep resen ts srill :.not her st , a in of the in flue nza bacillus 
lind possesses ~IIlY relat ion t·· I'l' idl' lllic in tluc nza is not known. 

In Ifl l S Park and \Yin , i lllS ("'") made 11 su rvey of t he presence 
of the Pfeiffer ha ei llus lit til(' bcginn ing' or the influenza. epid emic in 
':cw York Cit,\". Th eir rexull s m'(' tahnlated below. 

Mea sles 4 

TABLE 
IWluenza. Bacillus 

Group Presen t Absent pcr_
Pre.... 

Hospita l cnsos I ntlncn zu ensr-s or associat es 160 40 80 
),fa.r in es_________ 30 o 100 
H IIJIle for dlill1rc lI____________ _______ 47 1 98 

A utops)' or I nfluenza cas es 
L ungs ______________ ________________ 24 
'I'ra ehca s 26 

6 

1 
80 
96 

lIcart ' 'I bl oo-l 3 27 )0 

N urses-conta cts Cnnt r nl" 'J 6 ~ 

N urses-none ontaets__________ ___ _____ 1 7 9 
2 61 

Admissi on ward ·1 5 41 
H om e for g ir ls ( isolated ) ___________ 2 32 6 
Prev ontorlum (not isolntcd ) _____ ____ 14 25 33 

Th E'se ,'psnlts show tll1lt. a I!I't'atf'l' percentage of in fluenza cases 
hn r hor the intluenzu bacil lus than do presumably healthy persons. yet 
th ey indicate the presenc e of this organism in normal p<WSOll S. The 
('1iolozie si guiflcance of Ow intluonzn haei llns is exeeed inelv difficult 
to dr-tr- r mine in that 0 1H' set of ex per.ment s may ind icate it s relation 
t .. th e c1 is t~ase while another sej of examina t ious may t end to indicate 
it s un importan ce. Th l' very na tu re of influenza presen ts diflieultie
which make th(' etio log ic sign ificance of this organ ism difficult to 
d et ermine . For example, we d o 1I0t. kn ow th e relat ion of in fluenza to 
the "common cold " , to "grip " , " cat.arrha! fever ", so-ca lled " in 
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testinul in fluenza " , et c., although with regard to t he latter it is thought 
tliat true influenza may manifest itself predominat ely, in some eases, 
as an intestinal form. While a vast amount of expe r ime ntal work 
purporting to establish th e influe nza bacillus as the actual cause of 
Influenza. su ch as t he experimental production by Blake and Cecil 
(153) of II respiratory disellse in monkeys with this organ ism, wh ich 
they st at e is typical of influenza in man, we mu st conclude that. t he 
question still re mains unsettled. 

()ther inv est igators in searc hing for t11(' et iologic agent of in fluenza 
have considered the possibili ty of a filt erable virus as th e cause of 
this di sease. This is suggest ed by the ext r eme infectiousness ot: the 
disea se, by the la ck of uniform bacteriologic findings particularly in 
the mild early cases, but a lso in the old er eases, lind hy th e similari t y 
of mild infl uenza to th e common cold whi ch ha s been thoug-ht by 
I\'ruse ( 14~) , Fost er ( 10' '1 ) , and oth ers t o he caused by a filter-passing 
virus. 

Nicolle a nd Leha illy ( " 'f) in 19 18 report ed t he ir work all m ice 
and gu inea pigs in which they ino cul at ed blood lind secre tions fr om 
cases of influenza. OJ' un complicated grippe. Their res ults were 
n e~ath· {'. 'I' heso investi gators t hen ino cula ted secret ions from th e 
IiOS(! and mouth of a typical case into t he eouj nnetiva and nasal 
cavities of several mon keys. Both filt ered and uIlfilt ered secretions 
wer e in oculated. A t th e same ti me tw o healthy hU1I1I11I hoing» were 
inoculated. The monk eys becam e sick with II temperature of 40 0 C., 
depression , a nd d iarrhoea within six d ll," S and th e .Ill1In111l subj ects 
('xhihitl'fl similnr sy mptoms about t he sa me time. Th e human subjects 
were inoculated subcutaneous ly . The wri ter I UIi-; note d that normal 
rnonkr-y» mav have a tempera tu re of 40 dl'gn'ps <... especi ally when 
fri ghten ed and excited . Du r ing t he sa m« ~·t'a l' Du ja rt-ic dc la Riviere 
( 156 ) injected hi mself int ra venously with ·l e. c. of hlood t ake n Irnm 
1'0111' cases o t: i l l tIuenza, d iluted and filtered, an d t hree (Illys later 
dev eloped a temperatu re of :lf~ o C. accompanied hy intense headache , 
d JiIls, pains ill t he lim bs, a nd weakness. "\flrr about tiw days he 
rapidlj- imp rove d but remained subsequrnr ly inmume of filtered 
sputum taken from in flue nza cases whi ch wax spraved in to his nose 
and t hroat. About the same t ime Selter (15')) sprayed h is own throat 
lind rhu t of another huma n subj ect wit h filtered secretions taken 
from a pati en t hayin g ea i-ly influenza . Both Selter and his subject 
developed m ild a ttacks of influe nza. At t h is t ime Bind!'!" an d Prell 
(1 57 ) descr ibed-cert a in minute coccoid hod ir-s in t he ti ssu es of influenza 
pa ti ents s'mIar t o t ho"!{' described 11." Xnguehi in poliomyelit'is. 
These lJOc1 ies were sta in ed with iron h ematoxy l in and Gi elllsa hut were 
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Gram-ncgatire. They presented evidence that these bodies could be 
cultivated but were inclined to treat their etiologic significance with 
conservatism. Similar bodies were later described by Angerer (108) 
which he claimed to have cultivated direct f'roru the serum of human 
cases of influenza. 
j' In H118 Bradford, Bashford, lind Wilson (159) produced. symp
toms in guinea pigs and monkeys with filtered material taken from 
cases of 'I'reueh fever and influenza, In anaerobic cultures they 
fou;nd small Gram-positive bodies which they believed to he the 
causative agents. In the following year Arkwright (1«0) reported 
that in his hands the cultures of Wilson proved negative when in
oculated into three volunteers. During the same year Yamanouehi, 
Sakuknmi, and Iwashima (lln ) injected emulsions, and' filtrates of 
emulsion 1II11dc of the sputa from 4-3 cases of influenza, into the nose 
end throat of 24 volunteers. These authors state that six of the 
volunteers, who had previously had influenza, were immune and 
showed 110 symptoms following the inoculation but all of the remain
ing ] 8 developed t he disease within two or three days. Furthermore 
filtered blood taken from influenza patients produced the disease in 
healthy volunteers, These investigators were unable t o produce 
symptoms by injeet ing PI'Cit1\.'I":; bacillus, or this organism mixed 
with pneumococci, streptococci, and staphyloeocci into the nose and 
throat of ]4 healthy volunteers who had never had the disease, 

. In HHfl Lister and Tuylor (102) produced only negative results 
in monkeys and human beings following the injection of filtered 
material taken from the lungs and throats of influenza eases, 'Wahl, 
White, and L....all (10:1) during the same y('lIr obtained negative results 
following a similar procedure. Leschke (1<;4), on the other hand, per
mitted a number of peoplE' to inhale the vapor Irom lung filtrates 
taken from typical caSt'S of inrluenza and incubated for several day's, 
and all of his subjects developed typical influenza. 

An attempt to indue» the disease with filtered nasal secretions 
into healthy human subjects met with failure in the hands of: Rosenau 
(lG5) and .:\lcCoy (11;6) in experiments undertaken hy the Unit ed 
States Public Health Service and the U. S. Xavy in 1919. 

From 1920 to 1923 Olitsky and Gates -published a series of papers 
dealing with a filterable virus obtained from influenza cases. 'I'hese 
authors used filtered and unfiltered influenza secretions. Intra
tracheal inoculation's were made directly into the lung tissue of rab
bits with unfiltered nasopharyngeal washings, the filtered washings, 
lung tissue suspensions (filtered and unfiltered) from previously in
oculated rabbits, and lung tissue which had been preserved in 50 per 
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cen t glycerine. The injections were mad e in to ra bbits wit h an int ra
tracheal cathete r and about a ce, of material were administ ered at 
each injection . Within 24 to 48 11OI1I' S fol lowing th e inoculations th e 
rabbits began t o sho w sympt oms. The first sy mp toms consis ted of 
[e"cr and gene ral indisp osition. .A conjunc t ivit is and leukopenia 
th en developed . Ex cept in complica ted eases the ra bh it s always re 
covered after about t hree da ys, Cl in ica l an d pa th ological effeetll were 
produced in sCl'ies 1111'Ollg-h fiftee n rahhits ino-ulat od with ground lung 
t issue f rom a rabb it previously infected. Glyceri nate d mat erial from 
one rabbit was pa ssed through a series of t en rabbits producing 
typical S;\'IU ptOIllR of th e> disPHsp in <Ill. Th e in fcet ious ag-ent (1,' , 
scribed h~' Olitsky and Gates is f1Jll'nlhll' t hrou gh hoth Berkefeld "V" 
lind "~" candles. 

Whon in f'cet ed a n imals \\"el't ~ kill ed during the period of illness 
these authors found that th e lungs were r-nla rgt-d awl l'dematons, and 
in SOlli e (' I1'S('S hemor -rha gic. Tlemorrhugie foci and alv eolar exudat e 
were foun d 0 11 microseopieal exa minnt ion . 

It should bp pointed ont however 11IRt lremorrhngie lesions in th e 
lungs of rahhits mar occur in normal animals whi ch have not been 
infected experi ruen t ullv. B ranha m (167) has shown that hemor rhagic 
lpsions in t he lungs Ilrc almost eonstant ly found whe n the an im al-i 
are killed hy a blow on t he IJlJC'l< of t he neek. This a uthor believes 
that. tho mode of dea th ha s sorueth ing t o do with tilt , occu r rence o f 
th ese hemorrhages. 1faitl anc1 , Cowan, an d Det wciller ('ns) had pre, 
viously suggested this possibility. 

Late r Ol itsky and Gates we re ab le t o culti va te fro m the fi lte red 
washi ngs t aken from influenza pa t ien ts a minute ha r- i lloid hOlly which 
th ey have designa ted hacteri tuu p ncum osiutes. This orga nism they 
have also isola t ed from the lungs of in fectp c1 ra bhits. Th is organism 
is a minute Gram-ne gative, an aerobic baci llu s-lik e hodv which is easily 
cultivated but which loses its yirll lcn l'e rapidlv under artificial eu lt i
vation, Th e mi erohe appears larger after prolonged cultivation hu t 
cultures are still obtained from flltratcs. 

In summing up a discussion on th e et iology of influenza in 11 

paper On t he et iology and epidemiology of influenza (1922) Zinsser 
(l.G9 ) states : " T his leaves the ent ire subject. in a very unsatisfactory 
condition. The temptation to draw definite conclusions from ma
t erial of this kind is al ways a st rong one. But to profess certa inty 
when available evide nce does not just ify conclus ion's is as serious an 
error as to put forth in conclusive ex pe r imen t al work, and would 
xervs merely to ma sk the truth. The problem of influ enza et i
ology will not. in our op in ion, be solved at times wh en influenza 
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Thil-; is true espt'e i ll ll~." d uring great epidemics, In the household or 
small hospital, isola tion may be practiced and may p reve n t further 
sp read of th e infection. Quarantine WIlS practi ced in several army 
units during th e epidemic of HIlK as well as in civil communities 
and while t he sp read of t he di sease was delayed , th e disease even. 
rually spread over such bar-r iers. :\Iasks to he worn over tile lower 
par t of th e face to prevent t he spread of secretions f rom the respi
ratory t ra et ha ve heen employed without demonstrable effect. Com
pli cations seem to he increased in hospitalized cases and in general 
th is mea sure dot'S not lessen th e morbidity or mortality of th e dis ease. 
Closing of 'school has not led to u reduction in the number of eases 
IJI' the disease nor has th e use of nose and throat sprays and gargles. 
P erhaps th e only measure whi ch }l<IS anv e1feet in preventing the 
spread of illtluenza is to avo id crowded places such as th e theatre, 
':;ml'('hl's, ete ., I1U1"ing an ep idemic. Undoubted ly large ga th eringa of 
peop' e eontrihu tr- not a little to t he spr ead of this disease, General 
hygienic measures an" of course. indicat ed as in th e case of any 
other communicable di sease. 
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