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THE ADVANCEMENT OF EPIDEMIOLOGY THROUGH� 
EXPERIMENT '::'� 

By S mON !<'LEX X ER. :\1. D. 

Within t he quarter century just dosing, th e United States to­
geth er with many oth er count ries has been passing' through four 
considerable epidemi cs of di sease-of cere bros pinal meningitis, pol­
iomvelitis, influenza, and ep idemic encephalit is. Each of th ese 
pla gu es has , eit her in turn or con te mporuneously, claimed many 
vict ims, and excepting perhaps epidemic infl uenza , none of them 
has definitely run its course, 'l'h o ravages st ill cont in ue, and it is 
indeed not to be predicted when they arc to cease and th e cond it ions 
prevailing hcf ore th eir appearance be resumed . 

Th er e is small wonder , th er efore, that th e st udy of epidemiology 
should have come again to th e front. A sor ely harassed world is 
await ing anxiously, as it wer e, a sat ixfnctory answer to th e ques­
tion of th e nature and th e sou rce of th ese pestilences of mankind . 
'I'he qu estion is of course not a new one, and already not a Iew 11Il­

swers, 110ne re ally ad equate, ha ve been made to it. But th e state of 
th e medi cal sciences at th e present day would seem to give hope 
that knowledge not hitherto available 111a:' be secured from a fresh 
attempt at th e solution of th e biolog-ical problems involved. 

,V c turn back to th e fath er of medi cin e, as Hippocrates is admir­
ingI,\" and affectionately called , for th e first re corded observa t ions 
on the epide mic occur re nces of di sease. F'or it is true that the 
cha pte rs on epidemics in his works consist of observations in whi ch 
clini cal course and st ates of th e weather are considered in mutual 
r elationship. Through this, th en novel , way of viewing th e onset 
and the sym ptoms of disease arose th e doctrine of epidemic eonst itu . 
tiou , which has since played a major, if fitful part, in th e history of 
ep idemics. In developing this concept as applied eit her to climatic 
condit ions of such marked type as to give a di stinguishing character 

• E xt rnct s from th e Wi cr Mit ch ell oru tion d eliv ered a t t he College of Physici uns, Phila­
dt-Ipb in, and whi ch wa s delivered in part , by Dr, Plaxner at th e S chool of 'I'ropical Medicine 
of the U nive r sity of Por to Rico. 
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to a period of time 01' to den ot e a fixed type of di sea se pr-eval ent at 
a particular time, Hippocrates desc r ibed actual occu rrence s which 
later writers translated into theories of th e ep ide m ic. 

The further d ev elopment of th e conce pt of ep ide mic cons t it u t ion 
as a controlling or de te r mini ng' agency in bringing abo ut the rise 
a nd fall of d isea se is attributed t o B allo n ius and to Sydenham. 
The writ ings of th e latter are more famil ial' t o us a nd ~.v<I('l1hHl!l ' s 

name is intimately associated in our minds with the do ctrine. Ae­
cord ing to him the potent influences are engende re d through occult 
a nd in explicable cha nges in th e atmosphere, awl a rc of a my sreri­
O UIo;, so-called "sk ie~ '" nat nrc which det erm in e th e duration and 
rle va sta t ion of th e prevailing di sease. The eonst it.ution s diffvr in 
d iffe r en t years, d ep ending upon hidden eha nges in th e howi-l« of 
th e ea r t h, t hr oug h which th e atmospher e becom es contam ina te d and 
th e bodies of men predisposed and made subj ect to t.hix or that 
diseuse. A particular di sease cont in ues during th e infiu en ce of a 
cer t a in const it ut ion, which aft er a cyc le of a few yea rs gives ground 
and makes way for another . 

All this may so u nd to liS ext re me ly mythicul , a III1 ve t \' ('ry re­
cen t ly th e conce pt of const it u t ion has been, indeed is be ing. reus­
serted in V(,I',)' r espectable epide mioligie al qua rters, in or de r 10 ex­
plain th e epide mic happenings of t he pa st twenty-five yoar«. Th e 
qu est ion has beeu put wh et her in this period just suc h a cyclic S IIC­

cess ion of diseases awl of con stitutions, having a world-wide di sti-i­
but ion , has not bern taking pla ce. ~ow it may be said without any 
comme nt in advan ee, th a t it is not improbable t ha t a d octr ine so 
vital as that of ep ide m ic constitution has shown itself t o he. may 
after all , and in s pite of eer ta in va guen esses and repellent f'ca t ures, . 
st ill contain a mor sel of precious truth, the det ection and el uc ida­
t ion of which may be esse n t ia l to a complete understanding of th e 
nature of th e processcs-c- -biologi eal and ph ysi cal-c-on which th e oe­
cur renee of ep ide mics d epends. 

In Sydenharn 's dav , th e sc iences of sta tist ics was' in it s infancy 
in England and had not yet been born elsewhe re , With its r ise a lia 
with th e st ndy of th e written records of ep ide mics, t here aros« a 
new out look in ep ide m iology which may be ca lle d the stat ist ieal­
geog raphical, and which cu lmina te d , as it were in the publicat ion 
of l l irsch» grea t work between 1860 and 1864 on hi st orical geo ­
g ra p hica l pathology, As presa ging' com ing events which ushered in 
th e bacteriological er a , there ap pe a re d within this period two remurk­
able papers d ealing with th e innat e nature of infecti ous di sease, 
a nd postulating with a cer ta in ty and complete ness not be fo 1'(' at ­
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tained th e necessary or casua l relation of m ierorganisms to t he proe­
esses. I r ef er to H enle 's epocha l paper, " On mia sms and conta­
gia" of 1840 and the less celebrate d one by Greisin ger on "Ty­
phus, typho id, relapsing and malarial fe ver:-," published betw een 
l S;j7 and 1864 . 

II ard on th e heels of Ilirschs mon umental work came the ep­
ocha l d iscover-ies of Past eur and Ko ch, th eir pupils and success ors , 
wh ich qui ckly transformed th c ent ire scient ific and practi cal outloo k 
0 11 th e infec t ious diseases. 'I'he extraor di na ry di scoveri es in bact e­
riol ogy whi ch now followed in almost bewildering rapidity of su c­
cession, raised st r ong hop es that thc inner nature of th e ep ide mic 
would be quickly r eveal ed , a premature expectation whi ch I need 
not t ell this audience has not been enti re ly realized. 

And yet th e gains even within th is field have not been small. I 
need merely to allude to th e det ection of th e insect vectors of disease 
and th e"diminution brought ab out through th e practi cal application 
of thi s kn owledge to malaria, whi ch in manv pla ces ha s been thus 
and for th e first time brough t under control, and to ye llow fever 
which has in th c same manner bcen almost erad ica ted. Further­
1I1 01'e, through an ad equat ely , sc ient ifica lly ba sed sys te m of water 
purification , typhoid fever ha s been mad e to vanish from manv 
st ro ng hokls, and the menace to the West of choler a has bcen red uced 
to impoten ce. Th e discovery of the power protective in oculation ha s 
8er\'('d st ill f u r-ther to diminish th e in cid en ce of typhoid f ever and 
all ied diseases, and of di ph th eria ; and the det ection of th e heal thy 
and othe r ca r r iers of disease-producing germs has been rewa rd ed 
by sti ll i'urth er material reductions. 

And yet we are so far from a complete understanding of the 
na ture of infecti on in a ll its variegated and intrincate forms as to 
be in cer ta in in stances, in ep idemic influenza for example, impotent 
to affect its essent ially undeviating course. The master s of bact eri­
ology ear ly percei ved that infection is a process more 'subtle than 
th e resultant of a mere bringing together of, on the one hand path 
ogeni c microbe, and on the other susceptible host; and that abouv 
those factors played a series of adjusted biological r eactions which 
ever since and increasingly it has become the task of th e bacteri­
ologist to dis entangle. Somewhere within this field once it i& wholly 
won over to kn owledge, lie the opportunity and the power to in­
terfere with precision and certainty for the eontrol of epidemic 
di sease. 

The discr epancy between th e power of the mi crobe to st r ike and 
th a t of th e host to defend led to the formulation of certain counter 
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theories of the epidemic, in opposition to the purely bacteriological 
or etiological one coming into vogue, The counter theories still play 
a part in the history of epidemiology and, in one form or another, 
continue to be invoked, as has indeed just been done by Wolter in 
the case of the soil theory of von Pettenkofer, to account (I believe 
erroneously), in Russia especially, for postwar epidemics of typhus 
and other diseases which are, I think more satisfactorily explained 
on the basis of famine, louse, infestation, and like cause's. This no­
tion put forward by "on Pettenkofcr-e--postulates a certain prepared 
state, contamination or what not, of the soil as a forerunner and 
concomitant of epidemics, especially (although not exclusively) epi­
demics of typhoid fever and cholera. The theory has, with growing 
knowledge and improved communal sanitation, steadily lost ground 
and its revival seems inopportune and is not likely tohar real 
progress. On the other hand, Nageli's diplastie theory, so-called, 
which assumes the coordination of the two microbes-one as \H' 

should now say, the specific, etiological incitant, visible, cultivable, 
and 'so forth; and another, hypothetical and probably ultramiero­
scopie-s-has received an unexpected ally recently in Hamel', the 
British epidemiologist, who sees in the class of filter-passing organ­
isms the second essential factor in the partnership. Basing this 
view on de Schweint's discovery of the virus of hog cholera, Hamer 
constructs an imaginary pathology of influenza and other epidemic 
diseases, in which the filter-passer determines the kind of apt ion 
which the specific, more obvious incitant, as, for example, the Pfeiffer 
bacillus, shall perform. 

We may discern in these revivals-epidemic constitution, ('011­

tamination of the soil, cooperative or symbiotic action-the serious 
difficulties under which present-day epidemiologists are contending 
in the effort to bring light and order into the discussion of the 
nature and origin of the epidemic. 'I'he statistician too is groping 
more or less in the dark. The science of statistics has grown 
amazingly since Sydenhams day, and it is applied to an ever-widen­
ing circle of happenings, and often doubtless with remarkable results. 
As applied to epidemiology, we are enabled to envisage the pertur­
bation of epidemic disease as never before: "\Ve follow now its iui­
minenee, 011set , rise and decline on a world-wide scale. By su bst i­
tuting, to use Greenwood's phrase, the herd for the individua1, 

through personalization of disease phenomena, we have undoubtedly 
procured a body of <lata for analysis leading 'sometimes to useful or 
suggestive deduction. To mention one or two examples only, 011(' 

thinks of Farr's generalization of the course of the epidemic ill 
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catt le plague in England, and Brownlee 'x hypothesis of a life cycle 
of th e measles or oth er incitant, st ill awaiting diseoverv, which 
controls th e appearance, disappearance and reappearance of epidemic 
outbreaks of measles and possibl y of oth er diseases. 

Th e bacteriological era in epidemiology is distinguish ed fr om its 
predecessors particularly by rea son of th e concept of st r ict specificity, 
or the operation of a parti cular microorganismal agent in producing 
a definite disease. In this important respect , the periods before and 
after Pasteur and Koch are widely separated. 'I'he isolation of tuber­
cle, typhoid and diphtheria bacilli, of trypanosomes and spirochetes, 
and a whole host of other microbes intimately associated with cases of 
infectious disease, and their clear biological dis tinction one from the 
oth er , led to the conviction of a particular parasite as the incitant of a 
particular disease. The strength of this belief in specificity is reflected 
in Koch 's dictum that the parasit e must always he found at th e scat 
of disease and in the sick , hut not in th e healthy individual. In 
view of th e frequency with which soealled "carriers " of pathogenic 
microbes are to be detected even among th e healthy, thi s exclusive 
doctrine is no longer tenable, although it may not hc affirmed that 
th e newer discoveries in thi s fi eld have severely shaken th e concept 
of specificity. Rather it may he asser ted that t hey have widened 
the outlook and led not only to the solution of riddles, ot herwise 
unsolvable, in local outbreaks of in fectiou s d isease, bnt th ey have 
ser ved to emphasize strongly th e coord ina te nature of in feet ion and 
the inte rplay of forces a's between microbe and host of pre viously 
un suspected intricacy. 

Up to this t ime t he second partner , or host , had accorded him a 
subordinate, if not relatively an insign ificant role, It became ap­
parent; however, that not all individuals or groups equally exposed, 
equally responded to th e exposure, and that with many epidemic 
disease's, sometimes racial , someti mes oth er charac te r ist ics seem to 
play determining parts. In regions in South America where yellow 
fever raged periodically, the dark or native population was observed 
to suffer less than th e white immigrants, and the newly m-rived 
among th e latter oftener became victim s than those already established 
or acclimated. Among animals, too, a's in t he notable instuucr- of 
insusceptibility of Algerian sheep to anthrax inf'ectiou , Slid, dis­
tinctions have existed. Whatever, therefore, might be thought r egard­
ing the activity of th e microbe agents of disease, it WIlS obvious 
that th e host material is not an homogeneous one, and that pr evious 
and prolonged exposure to an epidemic disease does tend to decrease 
danger of attack. 
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Th e detection of ca r r iers and especia lly th e g re ate r refinements 
of th e bacte r-iologica l t echnic in r evealing mi crobes po tentially patho­
gen ic: as forming groups rather t han HS composed of sha r ply cut 
species, rais ed th e qu estions whether th ey also do 1I0t show more 
or .less heterogeneity. A vast lit erature 01 1 this 'subj ect has already 
come in to existe nce and to it th ere are made almost daily additions, 
the sum of whi ch ha s tended gre at ly t o modify the olde r views of 
the fixi ty of bacte ria l strains. I desire t o place emph asis on the 
point, tha t ill th e br ief descr-iption whi ch foll ows, we are dealing not 
with th e transf'ormat.ion of sp ecies, in whi ch the ground or original 
type, phylogeuit ieall y spea king , remains undisturbed . 

I n 1902, de Vries anuouneed mutation among the higher plants 
and in 1906 N, Neisser and ;\Iassini d escr-ibed a mu tating Bacillus 
coli whi ch th ey t ermed "mutaIJilis" . The tw en ty years intervening 
have witnessed th e demarcat ion of large groups of r ela ted organ­
im s, such as comp ose the dysentery and paratyphoid bacilli, and 
th e pn eumococci , streptococci, a nd meningococci-to mention only 
outstanding exa mples-in which d istin cti ons a rc based on cultural, 
pathogen it-, an d immunologi cal diff erences. Insta bility of type 
am ong certa i n ba ct er-ia! g rou ps an d transit ion between t ypes have 
often heeu asserted, hut th e conclusiv e evide nces for suc h «cuvers ious 
have heell slow in being brought fo rw a rd . On th e other hand, it is 
logical to suppose th at with wid e fluctuation amo ng microbes, af­
fe cting even th e qua lity of viru len ce, th e possibility is to he re ckoned 
wi th of part icular varia nts ( um t ants f ) of enha nced powers of in­
fect ivitv hp('olllin g dispersed and th us leadin g to ep ide mic outbreaks 
of 11iscas e. 

'flip inv estigation of ordered variation 0 1' mutation among th e 
ba cteria wax great.ly ad va nced h.v de K rui f's observation of chan ges 
occurring in pure lin e strai ns of the bacillus of r abbi t sept icemia 
(Bact erium lepisepticiun ) and of Arkwrigh t's observations on Bacilli 
typhosu s, paratyphosu s, ente ritid is, and dysenter iae in ] 921, through 
which th e hi ghly vir ulen t S fo rms (g ro wing in smoot h colonie's) be­
com e transformed into sli ghtly virulent R fo rms (growing in rough 
colonies." 'I'h e tw o va r ia nts show immunolog ica l re actions more or 
le ss in «ouuuo n, hut diff er markedl y in ac id and saline agglutination 
points. The S st rai ns t end in differen t degree's to give off R st ra ins, 
while th e latter doubtfully r evert to S . • In the case of t he bacillus 
of rabbi t sep ti cemia, more closely stud ied perhaps than any other 

* De Kruif used th e letters D (diffu sely growing in b roth) an d G (g r anular growing) 
to dC's ia-nnte the two forms . But. Arkw right' s desi gnations S and R h ave now been gen­
ernlly ado pte d . 
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bacterium in this respect, the changc from R to S has not been 
det ected. Th e S-R mutation 0 E this bacillus has hccn shown by 
Webster to dep end Oil th e oxygen t ension of the cult u re, and to be 
favored by free oxygen and : inhibited by oxygen-absorbing S11b­
stances ( hemog lobin , etc.) in the medium. licimer and Amo ss, inde­
pendently 01' each other, have recently promoted by sp ecial proc edures 
th e pa ssage of pure-lin e strnins of pneumococcus type I ,': into type 
I H, but havo not been successful ill hr inging about the r ever se 
tm IIsIorm ation. 

Nor is this all. Th e pn eUHlOeCOl'US and streptococcus g roups of 
haetoria are dOilhtlcss eloscl y related, and t he di stin ct.ion between 
them lias long been regarded as inde finite. I f, therefore we are 
to accept recent perhaps in eouclusivo reports of Ncufi eld and of 
~,Iol'gcnroth , we must admit transformations within groups tending 
still Iut th cr to O]:" cIII'e the ('i vid ing' lines. ~[Ol'('ov el', .Iord.u: has 
even reported an in stance of reversion of H pure-Iiue puratyphoid 
){ into S. Not impossibly not one varian t only, but H ser-ies of: S--R 
variant's is g iven olf by certain bacteria , some sli glttiy, sonic Iunda­
mentally al tered in relatiou 10 the parent st ra in, nccordiug to which 
degree the H-S reversion mayor may not be accomplished. Th e 
s tud ies in t his "l'mwin at illg Iicid are progressing rapidly, and it will 
be well t o w ithho ld judgm ent and prodict ion unti I we a vo possessed of 
far I'uller data titan are at present available, I commend to those 
intending to emha rk on these somewhat troubled and tedious investi­
gations, the utilization of pure-line strains only derived from single 
bacteria as procu red by the Barl)()r 01' an equivalent tochuie and th e 
employment of as precise uud r igid haeteriological and iuuuunolngical 
methods as may be possible. 

To the ep idemiologist this new knowledge and direction of' re­
search come with special force and xign ificuncc . As hili purpose is 
to aceouut for the origin !IS well as for the movements 01' th e epi­
dernic, the life history of the microbes conc erned becomes of high 
importance. Mutation or variation be ing now established as a not 
uncommon phenomenon, th e question ri ses whether th e change goes 
only in th e direction of more to less, or may also proceed in the 
direction of less to greater virulence, Th e: fact should, tlierefore, 
rot be loss sight of that up to now the changes observed Iuice becni 
of th e nature o] It degradaf1'on and not of an exaltation. of psitlio­
(Jcn-icity, and whil e it cannot of course be denied that the reverse 
prO('m~s is capahle of taking place, \Ye must admit the lack of «on­
vincing evidence 0 fits siglli ficant occurrence. 

At this point. I 'shall digress ill order to present to you an instance 
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of rise III power of th e virus of poliomyelitis which came to the 
attention of Dr. Harold L, Amoss and myself. Unfortunately, the 
conditions under which the rise, fall, and second rise in the activity 
of the virus took place were not such a's to permit any clear insight 
into the precise fnctors involved, as for example, whether merely 
-on e alone 01' several virus strains collectively wer e involved. And 
yet the incident is not without suggestive value. But the circum. 
stance's under which it was noted arc HO onerous that the observation 
is not likely soon to he repeated. 

Beginning almost with the appearance of epidemic poliomyelitis 
in the United States in lH07, experimental studies were earried out 
at the Rockefeller- Institute . A strain of human virus was implanted 
in rhesus monkeys. It was at first of low virulence, hut a fe\\' pas­
sages enhanced its activity for thc animals, and soon maximal viru­
lence was attained and maintained hy systematic inoculation's for 
a term of three years. 'I'Iien for wholly unknown reasons, dimi­
nution set in and the virus returned approximately to the low level 
of the original human material. Samples of the nervous tissues of 
Inf'ectod monkeys had heen regularly preserved in gly cerol at 4 C., 
and these samples were retested from time to time to determine 
activity. Abont six years after the virus had diminished in inf'ee­
tivity, a rise in power was noted, and a sc(:0I1<1 high level was at­
tained about equalling tho first. The enhanced virus has remained 
.at that level <luring the past five years . Briefly, this specimen of 
virus passed through several distinct phases of activity: low, high, 
low, and again high, the last stage while specimens of nervous ti ssue 
were preserved in glycerol for several years without being' 'subjected 
to animal passage. 

Certain epidemiologists, and notable Gottschlich , emphasizing the 
phylogenetic ascent of parasites from 'saprophytic bacteria, cite cer­
tain occurrences as indicating the transformation in nature of non­
pathogenic into pathogenic organisms, Such a supposed instance is 
that of Uhlenhuth and Zuelzer who, by employing passages, believed 
that they accomplished the conversion of a saprophytic water spyral 
into a pathogenic variety. However, Neufield, an authority who 
favors the general point of view expressed, does not accept the in­
tel'pretation given of this particular example. Gottsehlich on the 
-other hand, sees in the reappearauce, after long cessation of cholera 
in 1817 and of plague in 1894 in India, the operation ot' natural 
causes transforming the corresponding saprophytic into parasitic 
incitants of these diseases, a conclusion which with present knowl­
edge will be' acceptable to few bacteriologists. Neufield among other's 
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urges that pandemics of influenza arise, not through suecesive 
di stribution from one place to oth ers of th e highl y virulent microbic 
incitant, but by reason of regiona l transformations of bacteri al 
strains of low infectivity into st r ains of maximal virulence. Th at 
selected, more highly infective 'stra ins of pathogenic bacteria may 
be secured by animal passages is something pointed out by P asteur 
and accomplished every day in th e laboratory. But no exper ienced 
bacteriologist sees in this device th e production of new 0\' enhanced 
bacterial variants or species, Th e Germans, as do we, distinguish 
between mere separat ion or select ion (Auslese ) and modification 
(Umstim mun g) b~ ' mutation or some oth er process of variation. 
Even as rcgurds epide mic influenza, onc cannot accept unqualifiedly 
th e "local", as it may he termed , passage from low to hi gh viru­
len ce of a microorganism, as account ing f'or th e pandemics of th at 
di sease, seeing that outbursts follow lines of human travel, proceed 
in a geographica l and chronological order, sweep past. ina ccessibl e 
commun it ies, and show in gene ral th at characte r ist ic t o whi ch the 
name " post ing" ha s lon g since been applied . 

Conscious of th e inad equacy of th e evide nce adduced for the 
beli ef in microbic var iati on or mutation liS accounting for th e rise 
of epidemic, the protagonists of this view, as inst anced by Neufiekl, 
hold that support for it is to be sought in th e appearance of n ew 
d iseases, If it is admitted that th e parasitic organisms have evolved 
from saprophyt ic an cestors, th en at 'some period in historv, th e sp e­
cific infections which have endure d, must hav e emerged and p re­
sented themselves for the first. time. It is, of course, ent ire ly pos­
sible that none of our laboratory procedures suffices to initiate th c 
transmutations involved. vVe should, th ere fore, be on th e lookout 
for th e occurrence of new types of infectious dis ease, incited by 
microorganisms not previou sly known, Noone would, of course, 
wish to r eflect this quest , or deny the possibility of a successful 
issu e. A pertinent qu estion just now would be whether epidemic 
encephalit is may be regarded as a "new" disease, Weare unfortu­
nately in the weak position of not hav in g discov ered th e incitant; 
and yet it is true that present-day internist s and pathologists have 
had no previous exper ience of an epidemic disease of th e nervous 
system cor res ponding to the multiform encephalitis. Even assuming 
th at the in cident were actually isolated and proved wholly distinct 
Drom known pathogen ic organisms, would the case for th e "new" 
di sease and the transformed parasite be proved ? It may, I think, be 
doubt ed , in spi te even of th e in contest abl e fact that no such nervous 
disease had until recently come to the attention of physicians, and 



12 POR'l'O RICO HEAL'l'II REVIEW 

notwithstanding chronologica l r elations to the recen t pandemic of 
influenza, no cor respon ding ep idemic di sease attended the infln enza 
outbursts of 1880 to I 892. Yct when the older reco rds of epidemics, 
of which some cer tainly W Cl' O an d ot hers might hav e been influenza, 
a rc searched as has been done so lab oriously an d inter estin gly hy 
Cr ooksha nk, th er e are revealed associated occurrences of nervous or 
paralytic di seases to whi ch one migh t hesitate to deny ximilurit y 
with or relation to t he epidemic encepha lit is of th e presen t tim e. 
As one holding- th e view tha t epi de mic influen za and epide mic ence­
ph al itis are dist inct ent.ities, I wish neverth eless to put thos e Iacts 
before you . It cannot, moreover , be ent i rely without corroboratrve 
weight that a lt hough ep idemic influenza ceased t o p revail in this 
country in ] 022- ] 023, yet ep idemic encephaliti s st ill man-hes on . 
The two dis eases are sure ly no t united specifically : wheth er th ey 
a re engende red within a particular cons t it ut iona l cycle, as Crook­
sha nk's argument implies, may he r egarded a's a hyp oth eti cal question 
whi ch p erhap s th e exp eriment ali st may ul tim at ely be able to solve. 

L et us th er efore, for th e time bein g rest t he cnse fro m th e st and­
poin t of human epidemic: d isease just here. If I have hurried vou 
along' rather hre athlcssly in epi tomizing t he presen t st ate of epi­
demiology , as ord iuati ly conce ived , it is beca use I wish to lay he­
Iorc you a possibl e new mode of ap proach to some of it s problems 
whi ch, lip to now, has becn perhaps less in voked t ha n it deserves. 
1 r efer to th e st udy in rela ti on to causes an d effec ts of th e ep idemics 
occnrring amon g animals to which we hav e ready access. Noll' all 
animals, even th e most lowly, and plants of course, su ffer f'rorn epi­
de mic di seases. Th ere is good reason for believ ing th at in essenti al 
respects th e happen iugs ar c «ompara hle in all , ,Just th e oth er day 
I r ead an account of an epidemic wh ich 'swept through and dest royed 
most of t hat devastating pest, th e Mexi can bean beetl e-hut not aB­
in one of th e southern states. This imperfect ion of exte rm inat ion is 
a cha racte r ist ic of all ep idemics, even the severest of man and an imal's. 
There is always a r emn ant of saving grace in t he worst outbreaks. 

Th o second or experimental part of this lecture deals with epi­
demi cs among mice and rabbits, t he study of wh ich lias occup ied us 
at the Rockefeller Institute foe five yean; or 1110re. I am led to 
report th ese st udies in det ail becau se J beli eve that th ey help us to 
comprehend better th e events occurring in human ep ide mics. Doub t­
less in time ep idemics among 'st ill othe r , per haps st ill small er ani­
mals , which can he numerously assembled, will come to be investi­
ga ted. How fa r down the living scale we must go before we reach 
th e limit of ep ide mics is not yet det ermined. l\Iany of you know 
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that el'Herelle, who has conducte d remarkable investi gations of the 
di ssolving effects on bacteria of his so-called phage, conceives the 
active agent as a livin g virus-a kind of still smaller pa ra site within 
the bacte r ia affected. AIthough this happens not to be the generally 
entertained view of t he un doubted ph enomenon of bacter-ial auto­
solution, yet the event. serves to r ecall th e sat ir ic -lines of Swift, which 
venture to quote in this eonnect ion : 

So, nnturnli sts observe, a flea� 
H as smu ller fleas th at 0 11 him pr ey ;� 
And th ese hav e smu llor st ill t o bite 'e lll;� 
And so pr oceed ad in finitum,� 


