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EXPERIMENTAL EPIDEMIOLOGY. 

STUDIES on experimental epidemiology by Greenwood and Topley have 
been in progress for fifteen years and have involved the use of somewhere 
between 100,000 and 200,000 mice. The expenses of the investigations 
have been borne by the Medical Research Council and the results which 
have been obtained by Greenwood and Topley in conjunction with 
Bradford Hill and J. Wilson are now published. 

In the earliest of the joint communications Topley and Greenwood 
outline briefly the reasons which seemed to justify their laborious and 
relatively costly studies. They consider that though descriptive epidemi
ology has produced hypotheses that cover' some of the observed facts, it has 
failed, with a few notable exceptions, to satisfy the major canon of an 
empirical science that a good working hypothesis should lead to action 
with predictable results. 

The statistical method in particular cases may permit the solution of 
an epidemiological problem; but in those instances in which many 
unknown variables are concerned, and many assumptions are possible, the 
statistician is hampered by lack of any indication as to which possible 
assumption he should select. 

By attacking particular problems the bacteriologist has been able to 
demonstrate the part played by certain specific parasites and the host's 
reaction to them, and by applying this knowledge has been able to inter
fere successfully in the course of events. But Topley and his co-workers 
think that the bacteriologist has not been able to put together his pieces 
of the puzzle so as to achieve a synthesis that bears more than a patchy 
resemblance to the picture that his colleagues have defined. They point 
out that we know that microbes of the same species vary in virulence and 
this may affect their powers of spread; that the resistance of hosts of the 
same species varies in its reaction to any given microbe; that there is a 
tendency.for one attack of infectious disease to leave behind it an increased 
resistance to attack by the same organism; that this immunity varies in 
different diseases, is very effective in virus diseases, but less so in many 
bacterial diseases. 

These factors and many others operate in the natural evolution of an 
epidemic, but it is their relative importance that we wish to know and the 
exact way in which they interact with each other. It is in the solution of 
problems of this nature that the method of the experimental epidemic can 
be applied. 

, One of the first problems investigated was the effect of interference in the 
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Experimental Epidemiology 

course of events in an infected herd recruited by continuous immigration. 
But before attempting to d~termine the effect of any particular method of 
interference· it was necessary to, know wllat happens to an infected herd 
when left to its own devices. Herds infected with mouse typhoid, mouse 
pasteurellosis; and a :virus disease, ectrolnelia, have been studied.. . 

As regards the generalcour~e of events within an infectedherd, Topley 
and Greenwood conclude that in herds of mice living in close and continu
ous contact and subject to the continuous or intermittent migration of 
susceptiples the disease will. never normally. die out. . In a small herd it 
lllight happen tbatno individual was left either clinically sick or a carrier 
and the dis~ase.qlight die out .. But,in a large herd the studies show~d that 
th~ .disease w,ilL be perennial. . ,,,;1. 

The rate of immigratio.n is important.; with low .rates of entr!tnts there 
will be well-separated waves and quiet intervals; with large immigrations 
there will be only minor fluctuations or an almost steady death rate. But 
this condition of equilibrium is unstable and when it is disturbed by some 
extrinsic or intrinsic factor there may be violent tluctuatiops before 
equilibrium is again established at the same or some other level. 

In epidemics. caused by virul~nt strains qf Bact. aertrycke, Past. 
1mwiseptica or the virus of ectromelia, the rate of mortality is very high 
in the early days o~ herd life, but towards the fortieth and sixtieth days of 
cage life tends to a constant low level. The expectation of life of the 
surviving micerises·after the twentieth to thirtieth day to a level which, 
though in excess ot that of new entrants, never reaches the levelof mice in 
the same environment, but not exposed to .contact with an infective 
disease .. 

N;;ttural selection. and immunization play a part in. the. increased 
average resistance of the surviving mice. It is thought that natural 
immunization plays a more.important part than natural selection by the 
death. of the more. susceptible mice. 

The studies are considered to have proved in the case of mouse typhoid, 
and probably in the case of the other diseases investigated, that under the 
conditions .of the experiments infection occurs very early in herd life. An 
infected .herd is regarded as a highly complex system .consisting of mice 
sufferillg from a fatal infection; others. in a state of infectious equilibrium 
that ends in death or recovery at some later period.; others undergoing 
natural immunization by infection of a slighter. degree; and .a small 
minority not yet infe.cted. 

A very small proportion of the mice, owing to a natural resistance to 
the access of bacteria or viruses to the tissnes, may remain unchanged in 
their immunological constitution in spite of repeated doses of the parasite, 
but .. their ability to escape infection is .never absolute . 

. The., occurJ;ence .or. non . .,.occurrence of differentiated waves of mortality 
is due to the equilibrium established in the complex system, which may be 
shifti.ng or temporarily stabilized .. The epidemic waves ~re not due to any 
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fixed cycle of bacterial or virus development; ·to sea'sonal' or similar 
disturbances, or indeed, to any single determining cause .. ' 

It is . th'ought that the mortality in the herd and the ratio between 
i~munizing and disease-producing infections depends. on the characters of 
the bacterial strain which inrtiated the epidemic. Virulence and infectivity 
vary independently and an epiclEimic strain has' both these characters. 
Changes of this kind are not supposed to play a part in the sequence of 
epidemic waves during' any given epidemic prevalence. 

The normal course of events in an infected herd inay be affected by 
artificial immunization. Diet has been suggested' as having an influence, 
and;also the action of bacteriophage. 'I'he studieshiwe shown that artificial 
immunization is the most effective method of interference yet available. 
It will raise the expectation of life of the new entrants to the herd almost 
to the level of those which have felt the full effects of natural immunization 
and seleCtion . 

. Artificial immunization was found more effective in a virus disease such 
as ectromelia than in a bacterial disease such as mouse typhoid~ 

Prophylactic imtllunization against mouse typhoid was not very success
ful; the reasons for this were the low average immunity induced in the 
va.ccinated mice and the continuous and severe risk of infection to which 
the mice were exposed. . This continuous risk is considered to render it 
impossible to draw conc1usioIl!; as to the probable effect on hum'an 
herds of a prophylactic immunization yielding a relatively low average 
level of immunity; 

Topley and his co-workers state that they do not know the level of 
immunity induced by ordinary typboid or T.A.B. vaccine. They consider 
the' best data available are those prepared by the Anti-typhoid Corumittee 
nearly a quarter of a century ago. The figures relate to short periods of 
exposure of one to two years. They show that the attack rate am'ong the. 
inoculated is about one-sixth of that in the 'uninoculated; This does 'not 
indicate any absolute immunity. 

The data given in the Medical History of the Great War are considered 
unsatiSfactory .. Again, there was no absolute protection_ Inoculated men 
formed an imlliense majority of the exposed to risk;' and the incidence of 
typhoid' fever during the campaign was much 'less than iD pea,ce time or 
the Boer War. Topley and his co-workers do not doubt that protective 
inoculation wasons factor of this great improvement, but see no ground 
for making it responsible for the whole improvement. The system of 
hygienic organization was far superior in the western theatre of war in 
1914-18, than in 'the South' African campaign. The lesson they draw 
frOm 'their: experiments' is that given transient or intermittent exposure 
to infection the immimity induced will reduce the incidence of the disease 
to relatively small p'roporticiris. 'Even if the exposure to risk is severe and 
continuous thevacciilated will fare slightly better than the unvaccinated. 
They' consider that the vaccines now available will not afford protection 
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260 Experimental Epidemiology 

against all probable risks and therefore general measures of hygiene 
should not be disregarded or relaxed. 

A more effective method of immunization might allow typhoid infection 
to be controlled by this means alone. An intensive study of the antigenic 
structure of bacteria is now being carried out by Grumell; Perry, Findlay 
and Bensted; and .by Felix and Pitt. This work gives ground for hope in 
this direction. 

The experiments on prophylactic immunization against ectromelia 
showed that by the immunization of mice with two injections of formolized . 
virus, the second of which is living but attenuated, it is possible to induce 
a level of immunity against a subsequent massive injection of fully virulent 
virus far higher than can be obtained in':i'vaccination against . mouse 
typhoid. They suggest that even under' tbe severest conditions of 
prolonged exposure a relatively high degree of protection may be 
attained. 

In ectromelia and most probably in the bacterial diseases many of the 
immunized and infected survivors were infective for normal mice, so it is 
very doubtful whether by this method we could eliminate infection from 
the herds and so render safe the entry of susceptible immigrants. lnthe 
case of mouse typhoid the conditions of exposure were severe and it is 
thought possible that with more restricted contact the results might be 
more favourable. 

Among the non-specific factors which influence the host's resistance 
to disease diet is considered to have an iniportant influence. But apart 
from the fact that gross deficiency in vitamin A renders animals more 
liable to infection, the studies did not enable any definite conclusions to be 
drawn as to the influence of diet on resistance or susceptibility; all the 
experiments gave consistently negative results. Too little is known about 
the nutritional requirements of the mouse, and Dr. Marion Watson is now 
engaged on this study and when her results are known it is hoped to test 
her findings under conditions of epidemic spread. 

Dr. Herelle has claimed that the bacteriophage has an important 
influence on the epidemic spread of infection, and other workers have made 
similar claims in relation to cholera. If bacteriophage be accepted as the 
generic name for a multitude of filtrable viruses adapted to prey on 
particular species of bacteria, Topley a,nd his co-workers consider that 
tbere may be grounds for the belief that a specific phage of adequate 
virulence is an ideal agent for the control of epidemic disease. U nfor
tunately all their experiments gave negative results. Many hundreds of 
strains of B. aert'l'ycke isolated from infected mice were examined for 
sensitivity to the phage under test. In only one instance was a resistant 
strain encountered. Therefore, the negative results could not be due to 
the appearance of modified strains resistant to the phage employed. A 
criticism might be urged that the phages had not a maximal activity .. It 
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is true that none of .them produced the complete clearing of broth cultures 
assoeiated with phages of the most active type. But·· Dr. Herelle has 
stated that a . weak or moderately active phage is sp,ffi.cientto render the 
animal resistant to infection, the bacteria being destroyed in the intestine 
before they can multiply. 

'l'opley and his co~workers, limiting themselves' to .the epidemiological 
viewpoint, consider that there is no support for Dr. Herelle's claim that the 
rise and fall of, an epidemic merely registers the fluctuations between the 
pathogenic bacteria and the:phage. They have shown that an active 
phage may be distributed at large among a herd at risk during the rise 
and peak of an epidemic wave, but its presence makes no significant 
difference to the epidemic pr9,cess. 

With regard to cholera they point out that this is the classical example 
of a pure intestinal· infection. It.is possible that phage action may he 
effeCtive in such a disease even if quite ineffective in diseases in which 
tissue invasion is an essential factor in the production' 'of the clinical 
syndrome. 

Experiments on the effect of dispersal on an infected herd have .been 
made, but the observations. are stated to be too fragmentary to serve.as a 
basis for discussion. 

The experiments, however, suggest. that when dispersal is carried out 
at the beginning of an epidemic period, the division of a herd into .many 
small isolated units greatly decreases the mortality during the succeeding 
ten weeks or so, and that although the re-aggregation of such a herd is 
followed by a fresh spread of the disease, the final mortality is lower than in 
a similar herd that has not been dispersed during the earlier stages. 

In the last section of their report the authors consider the significance 
of their findings in relation to events in the natural world outside the 
experimental cages. 

They consider that their observations are in accord with the view 
expressed by Harner in 1906, that the periodicity of such an epidemic 
disease as measles is probably due to periodic changes in the constitution 
of the population exposed t<? risk leading. after each epidemic wave to a 
gradual re·accumulation of susceptibles. The natural epidemic waves 
correspond to the widely-spaced waves observed with very slow rates of 
immigration, or with the effect produced by adding susceptihles to the 
popUlation surviving from an epidemic prevalence. III the natural world 
re-accumulation of susceptiLles is by births rather than by immigration; 
but in specialized herds, such as schools in general and boarding schools in 
particular, Dudley's observations have shown that immigration of non,. 
immunes term by term is probably the decisive. factor in determining the 
course of events. In the common epidemic diseases from which most 
people suffer atone time'or another, but which occur in epidemic form at 
widely-spaced intervals, the. ever-varying state of· the immunological 
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constitution of. the herd is the main factor determining the intervals at 
:which epidemic waves occur. The. immunologicaLconstitution is. deter
mined by sublethal or)aten t • infection, .which .is regarded as, the essential 
factor in the immunizatioQ of any human, herd. 

In relation to the relative importance of innate, as compared with 
acquired immunity"Topley and, his co-workers point out, that a thousand 
:year's exposure to measles, a disease that exerts its main killing power 
before puberty and should exert a maximal. selective .effect, has not sufficed 
to lower the incidence in the slightest degree, while the minimizing effect 
of a wave of disease is too obvious to need ,comment. 

Though seasonal influence on the mortality was not demonstrated in 
.the infected herds, it is one of the commo,Q,places of epidemiology. It is 
,considered that seasonal should not be interpreted in ,a purely meteorologi
cal sense. That heat, cold and humidity have an indirect effect is well 
established; but social events have also a seasonal rhythm. The breaking 
up and re-assembly of schools are independent of weather conditionsj,and 
many social happenings will have an indirect effect on the immunological 
constitution of the various herds at risk and will exert a seasonal influence. 

The existence of epidemic strains of bacteria which has been postulated 
by many epidemiological workers has been confirmed by the, experimental 
studies .. The, experiences of ,Dudley and, Breman ,at Chatham, where 
eleven cases of cerebrospinal fever with only one death were followed for 
seventeen months by a non-contact carrier rate of 54 per cent without the 
occurrence of a single case of disease, suggest that epidemic behaviour will 
depend on the biological characters of the strain, and that the ratio 
between immunizing and disease-producing infection holds an important 
place. 

As regards the closeness and continuity of contact the experiments 
,recorded are of peculiar interest in connexion with school dispersion and 
closure. A few years ago there was considerable correspondence in the 
daily papers on the advisability of early closure and dispersion of one of 
the large public schools in which cases of poliomyelitis had occurred. The 
school was dispersed early without any further development of cases among 
the scholars or home contacts. Greenwood. and Topley write that if we 
compare the effect of dispersing an infected herd of mice with the probable 
effect of school closure during an epidemic prevalence and confine our 
attention to the effect on the boys and girls exposed to risk, the suggestion 
is t.hat the nature of this effect will depend in the main on the stage of the 
epidemic process at which the school is closed. If it is closed early when 
only a small proportion of those at risk are infected the advantage reaped 
by the scholars will probably be large. 

Practically, ignoring the possible effect on home contacts. we can say 
that the possible benefit of closure on the discovery of clinically diagnosable 
cases of any disease will depend on the ratio of" carriers" to " cases" ; if 
this ratio is low prompt closure will be effective; if the ratio is high 
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closure· ·might' not greatly lessen the scholar's' risk .. There can 'be no 
general rule; we must know the· inimunological constitution of 'the herd 
before we can assess the probable effect of dispersing' it. 

With regard to the importance of velocity of infection suggested by 
Dudley as' a result of his field studies of diphtheria: Topleyand his co
workers state that from their experiments they are inclined to view this 
problem rather in terms of the relative velocities of immunization and 
disease production with'ih a herd than in terms of the relative velocities of 
reception and eliminatiori of the parasite. Their observations suggest that 
so far as the individual is concerned, the probability ofirnmunization or 
death maybe largely determined by the size and spacing of the doses of the 
parasite received. Turning'~e possible methods of interference with the 
natural course of events they' state that artificial irnmunizatiori . has 
afforded the olIly significant results, though in the" conditions of their 
experiments the successes have not been so greata.s those recorded from·the 
field. They consider that so far as our present methods of immunization 
are concerned there is no indication: that a lowering of mortality is· 
associated with an equivalent lowering of infection. Many immunized 
survivors are apparently infected and infective. If this applies to field 
immunization in an equal degree they think there is little hope 'of the 
coropleteelimination of any particular infective disease along these .lines. 
·If it were possible to induce an active immunity that prevented ·infection 
as well as disease the immediate position would be more hopeful, though 
even then the danger of re-importation might prove formidable if 
immunization were relaxed. 

Apart from general hygienic methods designed to lessell the opportuni
ties of infection they think that active immunization is likely to remain 
the procedure which, acting alone, will exert an important effect on the 
prevalence of an infective disease. But they consider that the acceptance 
of this view does not warrant the neglect of the study of other factors which 
may be of cumulative importance. Records of descriptive epidemiology 
show that the disappearance of an endemic or epidemic disease is more 
often the result of the termination of many effects than of any single known 
factor. The identification of these accessory factors and the assessment of 
their relative importance will involve the study of large groups of animals 
under controlled conditions and for this research experimental epidemiology 
offers many advantages. 
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