
THE ADVANCEMENT OF EPIDEMIOLOGY THROUGH
 
EXPERIMENT '"
 

By SD!ON Yl,EX lO:ll, xr. D. 

II 

In September, 1918, a spontan eous epidemic of mous e typhoid 
appeared in a breeding population of 2,500 mice at th e Rockefeller 
Institute and cont inued, with i~tervals of low death rate, for two 
and It half years, during which time, through natural increase, the 
total numbers fluctuated between 1,500 and 4,000. Th e epidemic was 
followed closely , a mortality cha rt was kept , dead animals were autop­
sied systemat ically and occasional bacteriological examinat ions were 
made. The epidemic finall y ended , the cessat ion being hastened prob­
ably by systematic inoculation with kill ed cult ures of the mouse-typhoid 
bacilli isolated from succumbing animals. It was th e timely oc­
currence of this ep idemic which affor ded th e direct impulse to th e 
experimental studies, st ill being- pursued , th e outcome of which will 
now be presented . Jt is, however, proper to record that our minds 
were receptive, ready, as one might say, to take advantage of this 
chance offering to study epidemics thus di rectly in animals, a" the 
r esult of exper iences with recent epidemic dis ea:-;cs in man . 

When til e decision was made to attempt .til e cxpc r imentnl repro ­
duction or epidemics of mouse typhoid , Amoss and I were not aware 
that a similar undertaking was well under way in England. 'I'o pley, 
whos e inv esti gations have been so fruitful , had already made a par­
tial report ill his Gulstonian Lectures which had just appea red in 
print. Om' plan diffe rs somewhat in detail from th e one Top ley 
followed, for whil e 'l'opley mingl es in feetod and healthy mit e in tro­
du ced a t intervals in large cages, Amoss and I set up a kind of 
mous e village in order to follow as closely as possibl e th e spread of 
di sease from cage to cage. In both instances th e ep idemics were 
started by feeding a small number of mice pathogenic cultures of 
a manse-typhoid bacillus (cu teriditis-parutyphoid group of bacilli). 
After a few days' interval or in cubation a part of th e fed mice de­
veloped and later succumbed to infection. To this source of disease 
healthy mice wer e exposed, either immediately , as in Topley 's or 

• E xtr ac ts fr om the Weir Mitchell ora tion deliv er ed at the College of Physlcians, Phila ­
delph ia, nnd whi ch was deliv ered in port by Dr. Fl exn cr at th ,· School of Trop ical Medicine 
of tho Uni ver sit y of Porto Rico. • 
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mediately, as in Amoss' and my exper imen ts. 'Ye dep ended Oil the 
tran sfer of ba cill i t aking pl ace t hrough contamiua tion of the hands of 
t he attendant who fed th e mice and clean ed th e cages very mu ch 
as we suppose happens in spo ntaneous ep idem ics; it is in te resting 
to note that no degree of mechanical or chemical di sin feet ion su f­
ficed to r ender th e attendant's hands free of the bacilli . 

In the half dozen ye a rs wh ich ha ve ela psed since the in vesti gations 
hav e been under way th er e has heen a good deal of parallelism between 
the expe r iments carr-ied out by 'l'opl ey , and .A1Il0SS, W ebst er, Pritchett 
and mys elf, and latterly by Ncufield and Lange, th e actual results 
of which have b (lCII re markably harmonious a lt hough th e interpre­
t ations have not always coinc ided . Th er e hav e also been di ffer ences 
ill kind of ex pe riment, according to th e progress made in London 
or Xew York, and to the deduction» sepa ra te ly bas ed 01 1 the results 
obta ined, as ine vit ab ly happens amon g expe ri menters and is ( '011­

dition cd by the parti cular ima ginutivc outlook of one or another 
group of workers, Jt is a pleasure to record that betw een the 
Engli sh mu] .A mcr-icun investi gat ors th e best of fe eling ha s always 
p revailed , and through cor respondence and actual visits th e progress 
of events has been closely followed, and thus fa r without th e slightest 
con flict and with common advanta ge all around .' 

It became imm ediately evide nt t hat it was possibl e to st art 
con ti n uing ep idemics of ty phoid among a healthy mouse-village popu­
lation, from wh ich it was concluded that a wid e, if not uniform, 
distribution of t he bacilli \\"CIS qui ckly effected by the attendant, 
leadin g to in fection and death of some but 1I0t all t he mice exposed . 
At th e outset the number and d istribution of deaths in the sepa rate 
cages simula te the sporadic happenings noted often to precede the 
real epidemic outbreaks, This preepidemi c variety o'f the disease 
was later, as will appeal', con vert ed into a true ep idemic prevalen ce, 
in whi ch groups of mic e sickened an d di ed accord ing to an order, 
suggest ing, if only roughly at first, t he peri ods 0 1' following waves 
of th e spont aneo us mouse ep idemics, or ep idemics as observed in 
man , Th e exp la nat ion of th ese events, observed by Tapley ill his 
single-cage experiments ami hy us in th e mous e village, was not at 
first wholly perceived . Ta pley ascribed th em chiefly to ri se and fall 
of bacillary in fecti vity , Am oss and I t o fiu etuations of virulen ce plus 
dos ag e of the ba cilli. Later discr epancies could be accounted for by 
Webster, who determin ed the interacti on of three quite cons tant 
f actors, namely , level virulen ce of th e bacilli , quality of resistan ce 
of the host or exposed mi t e, and qu antity of bacilli in gested or dosa ge. 
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To enable you to follow th e succession closely, let me state that 
in the 'I'opl eys experiments once infection was started fresh incre­
ments of healthy mic e were placed in th e cage at intervals. In 
Amoss' expe r iments once a kind of equilibr ium or stationary pe riod 
of disease a rose in th e village, cages containing fresh , healthy mic e 
were brought into contiguity with the p rev iously 'exposed animals. 
In or der to be brief, I will giv e you the hare results of a long 
series of observation's of successive waves of mouse typhoid followed 
by recessions, thus induced, in whi ch not only the new animals but 
t he old or alr eady exposed ones also were affect ed. 

I n three separate expe r imental attempts to induce outbreaks of 
mou se typhoid resembling the epidemic sp read witnessed in breed ­
in g stocks and spoken of: as arising spontan eousl y, th e t ype of dis ease 
induced was first that of th e sporadic prevalence, as shown by the 
number of mice dyin g and th e number of cages attacked. Once, how­
ever , this state of sporad ic di sease is sta rted in a mou se population, 
all that appears necessary in order to convert the occasional deaths 
with low cag e-attack rate into fr equent deaths with high cage -at ta ck 

- ra t e, is to bring into cont iguous r elation with th e in fected popu­
lation increments of not previou sly exposed healthy mice. 

'I'he sporadic pre val ence is qu ickly over . 'I'he new mi ee having 
been introduced , the succeeding even ts proceed in an orderly f ashion . 
After an- interval of about five days th e latter, or new mice, begin 
to <l ie, th e number of deaths and the proport ion of cages attacked 
rising day by day. During the first -per iod in which th e new mice 
fall victims to th e disease th e old mice do not show an increased 
death rate. But from th e tenth to the twentieth da!/ «[i cr the ad ­
d'ition of th e new mice, and hence th e fifth to the fift eenth day f 01­
lowing th eir death s, the oltl mice are dr awn into th e wave of fa tal -ily, 
unih. th e result iluit ultimateiu they suff er a mortality equal to or 
even qreaier than th e new ones. 

Th e epidemics thus inaugurated, as indicated by th e deaths, 
usually diminish or even di sappear before all, somet imes afte r oid," 
a small part of t he expose d mice hav e been destroyed . A tendeu vy 
shown by all th e expe r iments is for a .st ate of equilibr ium betw een 
th e surviving mice and th e infecting bacillus to be effect ed, 
this stat e cont inuin g until fresh infect ible material is provid ed , when 
there arise undulations or epidemic waves of deaths r emarkably 
uniform in r esp ect to th e successive repl acements of fresh mi ce. 
'I'he undulations cease gradually, the late fatalities r esulting no t from 
delay ed infection so much as from protracted illness and lon g su r­
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vival, Bacillus car riers arise in the course of the epidemics and 
show, th rough possession of agglutinins, the existence of a partially 
immune st ate. It is through t hese car r iers t hat the disease is prop­
agated , in sp it e of which, as the events p rove, th e part ially im­
mun e individuals are 1I0t t hemselves ad equate ly safegua rd ed , since, 
as we hav e seen, t he older mice which have weathered one or 111 0re 
epide mic st orms ultimately sicken and succumb. H er e another 
factor operate's, and th is all-important one in overcoming nat ural 
and acquired resista nce is th e fa cto r of quan ti ty or dosage of th e 
bacilli. 

'I'opley, as already pointe d out, and his predecessor , Danysz, 
considered fluctuation in vir ulence as th e fa ctor whi ch chiefly de­
termined th e wav es of epidemic prevalence of mouse ty phoid , and 
F'lexn er and Amoss r egarded th e virulence plus dosa ge as the 
deciding events. But it was th e precise stud ies of W ebst er and 
Pritchet t , on th e const it ut ion of th e bacil li on th e one hand and th e 
r eact ion of th e host on th e ot her , which have yield ed th e constants 
with which to measure tho actual happenings observed . 

W e arc, as aile migh t say, in sore need of the simp lifi ca t. ion of 
th e p henomena of the epidemic, which ha ppil y an accurate st udy 
of t he living- mater ials and oth er effect ive agencies seem capable of 
supply ing. \V e need to measure not only bacilli an d host , hut such 
ot her factors as diet ami season, if we wish to bring ani mal and 
hum an epidemic occur rences into harmonic r elationship. Undo ubt ­
edlv, «crt uiu of th ese ext r insic influences have been inclu ded in the 
ter m " t ellu ric " , as used hy thc olde r epide miologists. Fo rtuna tely 
we may subject certa in of t he " influences" to experi menta l ver ifi­
cation in order to introduce precision into our calculations, in op­
posit ion to suc h vagu e noti ons as " cpidemic constitut ion.". It would 
'seem not inappropriat e to introdu ce at this point of our discourse 
th e sign ificant word s with whi ch th e young army surgeon, H elmholtz, 
as he was th en, closes th e introdu ction to the treatise giving to the 
world th e mathematic physical demonstration of the conservation of 
energy, based in part, as you may r ecall, on physiologic studies 
carried out on voluntary muscle. He says: 

" T heore t ical natural science, th erefore, if she docs not rest conte nte d with 
half views of things, must br ing her not ions into ha rmon y wit h th c expressed 
requiremeuts as to th e na ture of simple forces, and with th e conscqucnecs which 
flow f rom th em. H er vocation will be ended as soon as t he redu ct ion of natural 
phenome na to sim ple forces is complete, and t he proof give n th at th is is t he only 
redu cti on of which th e ph enomena a re ca pable." 
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With this ultimate purpose in mind we may now proceed to an 
analysis of the phenomena of mouse typhoid as experimentally 
induced in relation to such factors as constitution of bacilli, response 
of host ,and influence of dosage, diet and season, as determined by 
the precise studies of Webster and Pritchett upon homogeneous 
stocks of mice. 

Bacilli were administered per os by means of a simple mechanical 
device, which delivered a fixed quantity, approximately 4,000,000 
organisms, into the stomach. Five strains of enteriditis paraty­
phoid bacilli were tested on about 1,400 mice. Stools and blood were 
'studied by CUlture, and blood was tested for agglutinins. Three 
groups of mice were distinguished. In the first group the bacilli 
disappear at once or after a hrief period from the stools, and the 
blood is persistently negative for bacilli and agglutinins; the twenty 
to thirty per cent of mice composing this group continue well dur­
ing the eight-week period of observation. In the second group the 
bacilli are passed for an irregular period; small numbers invade the 
blood and agglutinins are present and strong three weeks after the 
inoculation. The five and ten per cent of the mice composing this 
group sicken but recover. The members of the third group pass 
large numbers of bacilli, many are cultured from the blood during 
life, and the seventy to eighty per cent of mice composing it sicken 
after five days' incubation and sooner or later die. The five bacil­
lary strains differed among themselves in degree of virulence, but 
each one remained constant in its pathogenic action upon mice and 
was unaffected by animal passages. It could be shown, therefore, 
that the epidemic outbreak of greater or less severity of mouse ty­
phoid is determined in large measure by inherent degree of bacillary 
virulence. An originally highly pathogenic strain is more desti-ne­
tive than an originally less active one, and antigenic identity is no 
measure of ineffective equivalence. In other words, the occurrence 
of two strains of the bacilli pathogenically different and antigenic­
ally identical does not indicate transmutation of one into the other. 
When suitable tests are carried out by intraperitoneal inoculation 
the same general rule regarding virulence fixity of strains are found 
to apply. 

In order to determine the limits of the host response the effect 
of varying dosage has first to be ascertained. When fixed quantities 
of cultures of given strains of mouse-typhoid bacilli are introduced 
into the stomach of mice of selected weight, and of the same lots as 
regards parentage and food, consistent results, as shown by the per­
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ceutages of th ose surviving and succumbing, a rc obt ainable. When 
massive doses of the bacilli are given th e deaths fluctuate betw een 
'seven ty and eighty per cent ; when cr itic al doses are giv en the per­
centages vary from forty to fift y, 'When in fect ion is permitted to ruke 
·p laee by contact of inoculated with un in ocula ted mice th e end result 
is determined by the relative numbers of each kind in th e comhinat ion. 
Thus when fivc ino culated mice are placed with one uninocul at ed 
animal th e percentage mortal ity of th o latter corresp onds with that 
of the purposely inoculated, whil e when th e ra ti o of in oculated to 
uu in ocul at ed is one t o one th e effect of the contact is ver y small. 

'l'h esc findin g's brin g out two important points, namely, that t he 
sus ceptibility of a mOUS(l population to mouse-typhoid in fection is a 
relative OJ' graded property ; and that the dosage, a's determined by 
th e quantitative and spat ia l distri bution of th e bacilli , is a defin ite 
factor or constant , as shown hy th e mortality cur ve, A sign ificant 
«orolla ry to th e findings is that irrespective of reasonable dosage and 
of st rain of bacilli, from tw enty to thirty pel' een t of mice ordium-ily 
resist infection. 

Th e 'sta tement just mad e regarding r esistance indi cates that 
using sufficient numbers of mice, th e quality or degree of host sus­
ceptibility or resistance, according to th e ang le from which t he 
resu lts arc viewed , may he found also to he a constant. T'hus ,')·-1-0 
mice of th e same age and weight , br ed at th e Rockefeller 1ustitute, 
were giv en pCI' as a standard dose of cu lt ure of a mouse-typhoid 
bacillus. Th e mortality cur ves of th e several tests were r emark­
ably uniform. There were, it is true, min or variations which 
later, and HI'; will ap pear, could he cor re late d with seasona l ehallge·s. 
The figures yielded hy this larger number of mice wer e employed to 
const ruct a so-call ed standard con trol C1l1'V e, with whi ch oth er 
cur ves could he profitably compared. 1·'01' exa mple, it was found 
that when mice wer e drawn from other sources and inoculated in an 
id entical manner the curve differed from th e 'standa rd one. Thus, 
mice procured from a Penns ylvania sou rce yield ed a cu rve lower 
than the standard, and mice from a New -Iersey source, a curve 
exact ly agreeing with th c st andard . 

Th e constancy of respon se amon g groups or stocks of mice to 
given st ra ins an d (loses of th e bacilli, su ggest ed to W ebst er that aft er 
all the determining qualities resid ing within the animals might well 
he not of spec ific, so mu ch as of n onspecific nature, and someth ing 
whi ch comes into play, no matter what th e nature of th e poisonous 
agency may hav e been . 'Wi th this idea in mind, he administered 
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bichlorid of mercury al so hy stomach tube to g roups of mice. It 
happened that with a dosage of O.om2 gm . th e mortality r-urve 

exac t lv p arallels th o sta nda rd cu r ve. With larger and smalle r doses 
of th e d r ug, cu rves are obta ined reproducing t hose yi eld ed hy cultu re 
st m ius of high er and lower degrees of virulen ce. 

T'p to this time th e host material consiste d of mice of common 
st ocks , hut not of pure-lin e origin. That heredity ma y affect the 
degree of susco pti hility could be assumed . Fortunately, mate rial 
wa s avail abl e to t est th is point di rectly, as was done by Pritch ett. 
Two sets of expe r ime n ts, exte nd ing over two years and involv ing five 
sepa rate strains of mi ce and five thousand individuals, were made. 
Th e strain consist ed of three pure-line lots yi eld ed by brother-sister 
matings and two homogen eou s lots obtained by close "inbreed ing. 
During th e first year five hundred and during the secon d year from 
three hundred and six hundred mi ce of each 'strain were inoculated 
pcI' os and closely followed. Th e re sult of this laborious study leaves 
no doubt that definite differen ces in susccptihility to typhoid exist 
among mouse stocks and that hereditary fa ctors play an essen tial part 
in determining varia t ions. 

IIaving now ascertained that th e quality of th e host plays a 
leading or dec is ive part in mouse-typh oid in feeti on , it would seem to 
follo w t hat the mice resisting bacterial infect ion should he the ones 
r espondin g least to mercury biehl orid poisoning, as indeed was f'ouud 
hv W ebs ter to he th e case. Moreovet-, he also fonnd that wh en mice 
su r viving ord inary lethal (loses of mouse-typhoid ba cill i arc inbred 
for severa l gene rations, th e offspr-ing become progressively more r esist­
an t t o ba cilli an d chem icals than th e cor respo nd ing unselect ed mous e 
material. 

With th ese (lata before us , we may turn for a bri ef cons ide rat ion 
of «er ta in of 'I'opley 's findin g'S for whi ch he gave no i uadequate ex­
planation. It will he recalled that he assembled mice in large cag es 
to which fresh animals were added a t intervals. H e found that 
wh en th e additions were made in the period of de clin e of th e ep idemic 
th e fresh mice were more likely to su rvive than when they were 
added at the as cent of th e wave ; also when th e additions were made 
daily the deaths did not Occur r egularly, hut ca me in waves never­
theless, 'I'opley as cribed these happenings mainly to sup posed fluc­
tuation in virulenc e of th e ba cilli. W e now kIlOW, thanks to W ebster 's 
accurate st ud ies, that th e ba cilli do 1I0t so fluctuate, and we have 
al so learned that host susce pti bility and dosage of th e bacilli larsrely 
affect in f'ecti on and death. Th e probability , th erefore, is that 1he 
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wavelike movements, observed originally by Danysz and later by 
Topley and ourselves, in the course of mouse-typhoid epidemics are 
determined by th e quantitative distribution or concent r at ion of the 
bacilli acting on mouse populations previously unexposed . In all 
instances first the former and next the latter are affected, according 
to the measure of original suseeptibilty and subsequent available 
quantity of bacilli. That this is the usual series of events was shown 
by Pritchett in a conclusive way. She devised means of est imat ing 
at two or three day's' intervals the number of mouse-typhoid bacilli 
in a cage containing an infectcd population , to which daily additions 
of two healthy mice were made. The tests ca rr ied over a six-month 
period showed definitely that the mortality rate rose regularly six to 
eight days after a large increase took place in th e number of bacilli 
in the cage. 

Dosage of bacilli, therefore, in mouse typhoid-just as concent ra­
tion in cert ain infectious disease's in man-is founel to be a significant 
factor in initiating epidemics. It is well known that in order to di­
minish greatly, or even to abolish altogether malaria and yellow fever, 
we need not eliminate all the mosquito sector's ; what is aimed at is to 
reduce th e number to an established effective index, when the diseases 
disappear. When cert ain bacterial infections rage, streptococcus 
sore throat. for example, the number of carriers of hemolytic strep­
tococci is large; as the malady abate's, the number of carriers shrinks, 
and 'so with epidemic meningitis and other diseases. It is desirable 
that th e fad be generally appreciated that in quantity of bacteria 
we have something which can break throu~h the resistance barrier, 
be it natural 01' acquired. 'I'h e persons vaccinated ag ain st smallpox 
or against typhoid fever, ad equately protected under ordinary con­
ditions of incidence of those diseases, may still be open to attack 
wh en th e disease becomes rampantly prevalent. The protective im­
munity mechanism is a measurable quantity, and may be superseded. 
When the quantity or dosage, so to speak, of the microbic assailant is 
large, and the grads of virulence high, even the extraordinary de­
fen se'S of the body may prove insufficient. 

'Ve have now reviewed th e inherent fa ctors, microbe and host, as 
we may call th em, as they read on each other, in the course of those 
happenings through which epidemics arc gene rat ed . It will, I think, 
be admitted that the knowledge gained by the experimental method 
of study of th e ph enomena di splayed by mouse typhoid is enlighten­
ing. In how far the data secured can be applied to other epidemic 
di seases and to hosts other than mice, has still to be determined. 
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"Ve know already, thanks largely to W ehster x invest igat ion of Ba c­
t erium lepis epiicum in fection in rabbits, that th ey are applicabl e to ' 
them. But we have st ill to conside r cer t ain exte r nal OJ" en viron -: 
mental influences which affect th e eon rse of mouse typhoid and 
doubtless of other diseas es as well. I shall deal , at this time, es­
peciaJJy with th e influence of food and of season on th e course of 
mouse-typhoid infection . 

Th at food should playa part in altering' th e COUl'S!' of an epidemic 
disease mig-ht perhaps he inferred from th e profound effects pro­
duecd by di etary deficiencies as exp ressed in beriberi, ri ckets, scurvy 
and possibly in pellagra. W e 'sha ll <leal, however, in this instance' 
with no such extreme departures f rom the ordinary in di et. Jnd eed, 
it has been tound-c--and just this is the sup r-isi ng thing-that a . diet 
to all intents and purposes ad equate and favorable may nevertheless 
affect a stock of mice injuriously in comparison with another di et 
more id eally, as it 'seems, adjusted to th eir r equirements. 

\V ebst er an d Pr -itchctts experiments on food effects wer e simple 
in design. Two sets of mice wer e employed . One set was reared 
on th e regular Rockef eller 1nstitute ration in nRC for many years, 
and cons ist ing of a daily feeding of baker 's bread soaked ill grade­
B pasteurized milk and warmed to 60° to 70 c C., and s up plemente d h.Y' 
two weekly feedings of an oatmeal-buckwh eat mixture and one weekly 
fe eding of clog biscuit. Th e animals thrive and multiply on this diet. 
Th e di et with which this was comp ared was l\lcCollnm 's normal one for 
rats and mi ce. vconsisting of wheat, 67.5 per cent ; casein, 15 per «ent , 
milk powder, 10 per eent ; sodium ehloi-id, 1 per cent , calcium 
car bonate, 1.5 per cent; butter fat, ;) per cent. Th e mothers and the 
offspring, the latter being taken for exper iment , wore fed th e '~ I c ­

Collum mixture. Equal gr oups of mite fed on th e two di ets were 
giv en by stomach t ube eit her about 4,000 ,000 mou se-typhoid bacilli 
or biehlorid of mercury . A very few of the mice wer e t ested by intra­
peritoneal injection of ] minimum lethal dose of botulinus toxin. 
Th e mice f ed on the Mefl ollum di et proved to he less suscep t ible to 
all t hre e injurious ag ents. As the effect of th e di et is directed 
against chemica l as well as biologi c poisons and in equal degree, we 
are justifi ed in sp eaking of the defensive mechanism involved as 
nonspecific. This fact leads to the important conclusion that the 
factor whi ch we so common ly invoke under the name's of suscepti­
bility or resistance is an innate quality of th e host, brought into 
play under st r ess aud st rain of injury of wid ely va r ious nature. 

Seasonal var iat ions of disease are, of course , very well known. 
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Even when we exclude those diseases which depend upon insect 
vectors whose prevalence is determined by season, we still meet with 
examples which display 'strong seasonal fluctuations. The influence of 
season was tested on 5,000 mice by Pritchett in two sets of experi­
ments covering the twenty-four month period from 1923 to 1925. 
A given number of mice, consisting of three pure-line and two 
homogenous strains, was inoculated by stomach tube every month 
with about 5,000,000 mouse-typhoid bacilli of fixed virulence. Each 
test was run for eight weeks, the deaths being recorded daily and 
routine bacteriologic examinations being carried out. Not only were 
seasonal variations displayed, but they were remarkably uniform over 
the two twelve-month periods; yet certain, if 'slight exceptions arose. 
As the mouse material was by heredity of heterogeneous nature, 
certain differences in response to infection resulted from that cir­
.cumstance. And yet it may be stated that the course of events was 
uniformly such that the mortality curves tended to arrange them­
selves into three series, namely, curves indicating : (a) High spring 
mortality; (b) low summer mortality; (c) intermediate fall and 
'winter mortality. Expressed in terms of deaths, we may say that the 
spring rate is high, the summer rate low and the fall and winter 
rate, while falling between the two may in the early fall rise sharply 
.and even approximate the spring level. Since, however, seasons, year 
iby year, are only roughly comparable and vary in temperature, sun­
light and other conditions week by week or month by month, a cer­
tain amount of fluctuation in the curves is to be expected, provided 
that it is affected, as it appears to be, by meteorologic occurrences. 

It would be desirable, in view of recent discoveries of the pro­
found effect of light in protecting the animal organism from rickets 
through its influence on the calcium metabolism, to study the part 
which it may play in epidemics. Indeed, the recent precise studies 
of Brown and Pearce on the effects of sunlight, especially on the 
normal as well as on the pathologic organism, already point to im­
portant correlations. They have secured data from 400 normal 
rabbits, observed month by month over a period of three years, and 
a like number of rabbits inoculated with a malignant tumor and with 
syphilis, similarly studied. They have found first that, contrary, 
to current belief, no fixed relation of size and weight attaches to the 
individual organs, but that the relationships are constantly changing 
in a more or less rhythmical manner. Hence what might he regarded 
as normal at one time would be regarded as abnormal at another 
time. The weights of the heart, liver, kidneys, and even the brain 
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in proportion to body weight, fluctuate in th e course of a year as 
much as twenty to forty per eent ; whil e th e endocr ine organs, lymph 
nodes and spl een show variations of fifty to one hundred per cent. 
Constant readjustments of th e relative balance amon g th e various 
organs of th e body take pla ce, and this system of changes follows 
a regular course whi ch may be cor related with th e seasonal changes 
of the year. So far the meterologic condit ion whi ch occupies the 
pla ce of most imp ortan ce is sunlight . Just as th e organs in cr ease 
and diminish in r elative size, so it appears do th e sever ity of the 
tumor and the manifestations of syphilis in th e rabbit rise and fall 
according to th e organic changes. F'rom this it may he inferred that 
th e seasonal variations affect functional activity ill that th ey coincide 
with or induce alterations of th e state of the animal body with which 
pathologic effects are related. 

We have now arrived at a natural halting place in this discourse, 
from which to view th e ground that has been covered. We may, I 
believe, discern a certain order and sequ ence of events in determining 
epidemic ocurrences in at least one infectious disease in animals. 
Not only may the origin of mouse-typhoid epidemic be accounted for 
by th e presence of the offending bacillu s, hut the course pursued, is as 
it were, predictable on th e basi's of the constitut ion of . microb e and 
host as affected by such modi Iying causes as dosa ge and particular 
environmental condit ions. Th e prepond erant role 01' dosag-e and 
fresh infecti ble host materi al is clea rly indicat ed in prolongin g the 
epidemic and explaining the periodic wavelike movements , That the 
spontaneous epidemics of mice are prolonged ill an identi cal manner 
by 'new births and by the spatial and quantitative distribution of 
bacilli may be assumed as quite cer ta in. Application of th ese 
findings to the study of epidemics of human diseases in whi ch more 
precise observation shall take the pla ce of actual exper iment is the 
possibility clearly indicated. Perhaps in this manner will the next 
forward st ep be taken leading to th e solving of riddles in epidemiology 
as r elated t o man. 
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