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INTRODUCTION. 

This Thesis is the result of a study of the various ' 

manifestations and forms of Irmmunity, as exhibited 

n Variola and Vaccinia in different circumstances. 

he subject is no new one. The fact that Immunity is 

)roduced by an attack of smallpox appears to have been 

ecognised at a very early date; and it is known, that 

he Chinese put this knowledge to practical use by 

ractising inoculation in times of remote antiquity. 

n this country,previous to the introduction of protect 

ive measures, it was known, that to have "passed "the 

smallpox was to have ensured in most cases a safeguard 

against further attack: 

It is however during the last century and a half since 

the introduction of inoculation as a protective measure 

and more particularly since the introduction of vaccin 

ation over I00 years ago,that so much attention has be .n 

focussed upon the subject;and it is probable, that the, e 

are no diseases,which have been subjected to such clos 

and constant observation, and concerning which such st res 

of statistical information haire been collected,as have 

Variola and Vaccinia. 

The practice of vaccination in particular has been pro 

duc.tive of enormous masses of statistics, which bear 

upon the measure in nearly all its aspects.The fact that 

it has long been controlled by the State,and that the 
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officials employed in carrying it out have been requir 

to render accurate returns of the results obtained,has 

led to the accumulation of vast stores of information 

concerning the numbers vaccinated and insusceptible. 

The scientific interest attaching to it, as well as 

the oppositipn it has aroused in certain quarters,has 

resulted in the production of innumerable books and 

treatises on the subject. The records of the lymph 

distributing centres furnish information with regard 

to the results obtained by various strains and prepar- 

ations of lymph. The Smallpox Hospitals and Sanitary 

authorities have supplied endless data as to the prote 

ive power of vacciftation, and observers whether in a 

public or private capacity have contributed the result 

of their investigations. 

In fact Variola and Vaccinia have been so closely 

studied, and have had such a large amount of careful 

observation applied to them, that it would appear that 

little remained to be said concerning them;and that theT 

offered an unfruitful field for further investigation. 

Recent discoveries with regard to other diseases have 

however opened up fresh fields of investigation,and 

have shown us that, much as has been done, much still 

remains to be accomplished before the last word has 

been said on the subject. 

The advance of Bacteriology has turned the efforts 

many to the attempt to discover the micro -organisms 
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concerned in producing Variola and lTaccinia; and although 

their attempts have not yet been successful,there is 

little doubt that in time they will meet their reward. 

The attention that has lately been devoted to the sub- 

ject of Immunity, and the recent theories advanced in 

connection with it, have given an added interest to 

the study of these diseases; aric,although on account 

of our ignorance of the specific or;anism,research on 

experimental lines has come almost to a standstill,wh n 

compared with the rapid advance made in the knowledge 

of other diseases of the same class, yet much may be 

learned by applying the abundant information already 

collected concerning them in such a way as to allow o 

our viewing them in the new light, which has come fror 

the study of other diseases. From this point of view 

many facts, which have not hitherto received much 

attention, become of considerable importance. 

In order fully to study the relationship of Immnunit 

to an infective disease, it is necessary to have a 

knowledge of the life history,physiology,and patholog 

ical effects of the micro- organism which causes it. 

In the case of tuberculosis,typhoid fever,cholera, 

diphtheria,anthrax,and several other disorders the sp 

ific organism is known, and can be separated and cult 

ivated onside the body. It has thus been possible to 

study its morphology and life processes,its behaviour 

when artificially cultivated,and.its pathogenic effec 

c 
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on the lower animals. This has led to a knowledge of 

the toxins prod ,,ced by it, .and to those conditions in 

animals :!hereby its growth and effects are resisted,_ 

the conditions known as Immunity. 

There is however another group of the infective diseases 

in which the causative agent is as yet unknown; end 

this group includessuch important diaeases as syphilis 

scarlet fever,ineasles,typhus and smallpox. Until the 

specific infective micro- organisms of these diseases 

can be isolated and subjected to experimental culture 

and inoculation, many of the important features of 

their relationship to irsrnunity must necessarily remain 

unknown to us. 

We have every reason to believe that such organisms do 

exist,for the nature of these diseases is essentially 

the same as it is of those,whose' infective agents have 

been recognised. They have all the propertyof comm'n- 

icability from one individual to another; their clinical 

course is similar, consisting of a period of incubation_, 

and a stage of invasion and eruption,followed by a 

gradual decline or in unfvourable cases by death. 

Each of them has also the power to confer a more or less 

complete immunity from a subsequent attack of the same 

disease.There is therefore every l.robability that the 

causative organisms will in due time be discovered. 



5 

In the case of Smallpox the search for a specific 

organism has been carried on with great assiduity,and 

a remarkable number of organisms have been discovered 

both in vaccine lymph and in variolous matter. Several 

of these have been claimed by their discoverers as 

specific;and inoculations with cultures containing the 

are said Lo have given rise to vaccinia,or to have 

produced immunity to subsequent vaccination. None of 

these discoveries have stood the proof of subsequent 

investigation;and none of them rest on a sufficiently 

substantial basis to ensure general recognition. Some 

indeed are supported by only the most slender evidence 

The problem of the bacteriology of vaccinia and 1'ariol 

must still be regarded as unsolved. 

Apart from clinical and statistical evidence, some kno 

ledge of the protective properties of the blood serum 

of persons, who have recently suffered from vaccinia o 

lTariola has been obtained by experiments performed-- - 

(I) with the object of obtaining a serum which might 

be used to prevent or modify Smallpox by creating 

a Passive Immunity.These experiments are describe 

in Section IV (Passive Acgdired Immunity) . J . 

(2)with the object of demonstrating the presence in 

the serum of a body,which is able to neutralise 

the pathogenic effect of the ITaccine virus. The 

following experimental work has been done in this 

direction_ 
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Antivirulent Properties of the Blood Serum of persons 

immune to vaccinia and Smallpox. 

The blood serum of a person, -who has recently suffered 

from vaccinia or variola, contains a substance, which 

on being mixed with vaccine lymph renders it itt a 

short time incapable of producing vaccinia. Thus it 

has been found that a drop of vaccine mixed with three 

or four drops of serum from a calf,vaccinated a fort - 

night previously,loses in an hour's time its over of 

producing vaccinia. 

Beclëre, Chambon,and iienard( I.) have investigated th 

subject,especially as regards the natizee of the anti - 

virulent substance. They find that it is of a stable 

composition, and resists the action of light,heat and 

even puteefaction. It is still present in serum, which 

has-been kept a year or more. When dried it is found 

to resist a temperature of I00 °C.for 30 minutes, and 

even a temperature of I <,5C does not complete' y destro 

it. It is incapable of dialysis, but will pass throug 

a porcelain filter; it is precipitated by alcohol alon 

with the albuminous part of the serum. 

They consider,that in its resisting powers and chernica 

properties it presents strong analogies to the dìastas 

and resembles the antibodies found in the serum of 

animals immunised against tetanus, rabies and diphther 

and to the agglutinating sup, stances in the serum of 

typhoid patients. 

(L) n.de l'Institut Pasteur,I899 T.XIII, p.81. 

sr 
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I have performed the following experiments to demonstr 

the antivirulent power of the blood serum of persons, 

who possess Active Acquired Immunity to Vaccinia and 

lTarioia. 

The blood was taken from such persons only as were 

known to be free from any disease, which might pessibl 

have been transmitted by the subsequent inoculation. 

The blood was obtained by puncture of the lobe of the 

ear, and was collected in small sterilised tubes. It 

was then mixed with the contents of a capillary tube o 

calf lymphin the proportion of about two of serum to 

one of lymph. The mixture was left in the cavity of a 

sterilised hollow slide for twelve hours, refilled int 

capillary tubes, and used for inoculation as described 

};xperirnent I. 

Serum of recently vaccinated person. 

Serum obtained from J.W.aged 67. He had been vaccinate 

in infancy,-and was .revaccinated 6 weeks before the 

blood was taken.The vesicles were well developed and 

similar in every way to primary vesicles. 

Serum was mixed with N.1T.E.lymph for I2 hours. 

An.unvaccinated adult(F.F.)was vaccinated with the 

mixture(the same person who was afterwards submitted to 

Expt.II) 

After eight days,na positive result whatever. 

te 



xperiment II. 
Serum of unvaccinated person. 

serum obtained from an unvaccinated adult (T,.B.aet.I8). 

8 

fixed with lymph of the same kind as that used in Expt. 

fier I2 hours the unvaccinated adult F.F. was vaccinat 

ith the mixture. 

esult; -four well developed vesicles, which ran the 

rdinary course of a primary vaccination. 

his experiment acts as a control to Expt.I, for both 

here tested on the same individual and the same kind of 

yrnpn was used in each case.. 

xperiment III. 
(a)Lymph mixed with immune serum. 
(b) Lymph unmixed. 

erum was obtained from a recently vaccinated person(A.T 

Mixed with lymph for I2 hours. 

.F.aet.61, who had been vaccinated in infancy but not 

ince,was vaccinated in two places with this mixture. 

e was also vaccinated in two places with unmixed lymph 

the same arm and at the same time. 

esult;- Two well developed vesicles were produced from 

he lymph alone; while from the mixture one small and 

11 developed papule alone resulted. 

he small extra vesicle seen in the photograph was pro - 

ably produced by auto- inoculation,for no insertion was 

ade where it appeared. 

he second part of this expt. controls the first. 

d 



Photograph of the re:; ilt obtained in Experiment III. 

A and B --vesicles obtained from inoculation of Lymph 

alone (8th)day.) 

C and D --Sites of insertion of mixed lymph ph and serum 

of immune person. 

Vesicle produced by auto- inoculation. 
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Experiment IV. 
Serum of a person who had recently .had 

Smallpox. 
-- ---------- - - - - -- 

3.Mc.1r. sl:.f 'ered from a modified discrete attack of 

Smallpox, and was detained six weeks in hospital. 

erum was obtained 3 months after the commencement of 

he attack, and mixed with lymph for I2 hours. 

n unvaccinated adult- (T.B.- was vaccinated in four 

)laces with the mixture. 

he result was entirely negative. 

his adult-was afterwards vaccinated with lymph alone 

nd four well formed vesicles were produced. 

A further series of similar experiments was designed 

o demonstrate this quality of the lymph in infants 

vith Passive Acquired Immunity, transmitted from the 

aothers; and also to discover the length of time after 

Iaccination and after Smallpox, that the antivirulent 

ubstance persists in the serum,; and further to study 

is properties. These have not yet been carried out 

wing to lack of opportunities and materials. 
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From these properties of the blood serltr,and from the 

general behaviour of vaccinia and variola with regard 

the phenomena of immunity it is evident that the 

blood of persons,who have recently suffered from these 

diseases,contains protective substances of a similar 

nature to those that are found in the blood after 

other infective disorders;and that they probably 

partake of some or all of the various farms,that such 

antagonistic bodies assume, such as antitoxin, anti - 

enzyme, agglutinin, precipitin, coagulin, bacteriolysi 

and others of a similar nature. 

It is impossible,however, in the present state of our 

knowledge of the bacteriology of variola and vaccinia 

to separate and study these various bodies. 
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It is found that Immunity varies in its intensity and 

duration, in accordance with the conditions under whict_ 

it is produced, and that its diminution can be detected 

sooner by means of the inoculated than the natural diseasf:, 

It has therefore been found most convenient to study 

separately the different conditions, under which it may 

e produced and tested; and it is for this reason that 

smallpox and vaccinia have for the most part been .con- 

sidered separately, although there is little doubt that 

they are forms of the same disease. 

Those inanifestations,to which most attention has been 

paid in the pastas for instance the immunity to smallpox 

which follows inoculated vaccin&a,have been dealt with 

as briefly as possible here; whilst other forms which 

have attracted less notice from observers are treated 

more fully, for example the immunity transferred from 

mother to child. 

,f 

The various theories, which have been formulated to ount 

for the occurrence of immunity in its different forms re 

not dealt with; but it is taken as proved that there are 

two great divisions of Immunity, the Natural and the 

Acquired, and two other further divisions,the Active 

and the Passive, which have reference chiefly to the 

Acquired form, for Natural Immunity is always Passive, 

unless it may according to Ehrlich be sometimes consid r- 

ed as merely Negative. 

The subject is therefore considered under the three 

divisions of Natural Immunity, Active Acquired Irrununitf, 
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and Passive Acquired Immunity; and the various conditi 

under which it occurs are set forth and studied under 

each of these headings. 

Since the subject covers a very extensive ground,much 

of it has necessarily been but inadequately treated; 

but an endeavour has been made to bring into prominenc 

some features, which appear to have been hitherto most 

undeservedly neglected, in particular the transmission 

of Immunity from mother to child (Section Iv),a phenom- 

enon of great interest, and of no little importance. 

B.Where the words "lrariola "or "smallpox "occur subsequen 
ly, they should be held to refer to the Natural, 
and not to the inoculated disease,nless speciali 
indicated; but "Vaccinia "means inoculated vaccini 

The word "Antitoxin "is for convenience used, as in- 
cluding the various protective substances,which 
render an individual immune. 

ns 



SECTION I 

NATURAL I1T:TUPTI'l'Y 
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NATURAL IMMUNITY TO vACCINIA. 

Natural Immunity to Vaccinia probably exists in a few 

individuals, but it is of exceedingly rare occurrence, 

The Local Government Board insists on three attempts 

at vaccination, each conducted according to its 

r ulations before it will accept a certificate of 

insusceptibility. When three attempts at vaccination 

prove failures they constitute "legal" insusceptibility, 

and this condition is not by any means uncouìnom, as 

may be seen from the figures given below. Legal 

insusceptibility, however, does not necessarily imply 

complete Natural Immunity, for various other causes 

may contribute to failure. Such causes are : - - -- 

I. On the part of the lymph. Inactivity may result 

from(A) admixture with blood; 

(B) overheating of the tube, which contains the 

lymph; 

(C) keeping too long(the National vaccine Establish - 

ment recd: a. uncis, that its glycerinated lymph should 

not be kept longer than a week). 

(D) a feeble strain of vaccine; 

(E) admixture with antiseptic. 

2. On the part of the vaccinator: - -- Improper or 

ineffective method of performing the operation. 

Public vaccinators, who are required to carry out the 

technique prescribed by the Local Government Board, and 

whose work is subject to Government inspection, obtair 

a much smaller average'of failures than do private 
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vaccinators, who aff allowed to follow any method, 

and whose work is not inspected. 

3. On the part of the mother or nurse; 

Intentional washing off of the lym h, immed- 

iately 

ed- 

lately after the vaccination '- t.s been perf ormeo 

Occasional cases are however recorded, where vaccin- 

ation has been performed on an individual a great 

number of times, with different strains of lymph, 

and by different vaccinators, and where all the above 

sources of error have been eliminated. Such a case is 

the following recorded in the Lancet( 2 )by J.W.Merriman 

^.1).,Iquiqui,Chile;- "Ihave vaccinated one of my daught- 

ers with lymph from arm to arm at least 50 times,and 

brother:; practitioners have vaccinated her at 

least as many times more (in most cases with 

perfectly fresh lymph from arm to arm -) between the 

years 1873 and I895 and always unsuccessfully. This 

it is true is only one case, but it is sufficient to 

show that insusceptibility exists." 

I have personal knowledge of the following case;- 

Erasmus Orwin act. 3O,was vaccinated rix times in 

infancy wit,_ n c ; i ve res-Jlt s .When he was I5 three 

of his sisters were attacked with smallpox, which 

must have been severe, as it has left them badly mark - 

ed.He remained in the same house with them, but was 

nojt attacked. 
( 2.) Lancet, I879 vol.I.p.773. 
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When vaccination is carefully performed by a competent 

vaccinator, using reliable lymph, the number of cases 

found to be insusceptible is exceedingly small. The 

Medical Officer of the Local Government Board in his 

report for T387, quotes the following statements of re- 

sults given by Dr. Cory, the public vaccinator at Lambs 

Conduit Street station; - 

"Of my own vaccinations, I may say that I have in my 

time performed over - 33,000 primary operations with 

human or with calf lymph, and that it has only once 

fallen to my lot to fail twice at an attempt at vaccin- 

ation. The subject in this case was a ten year old 

child, in whom as stated by the mother, vaccination had 

been attempted on previous occasions without result. 

My operation failed at the second attempt, and I did 

not get the opportunity of trying a third time." 

In I6,000 first attempts with humanised lymph Dr. 

Cory had I4 failures. 

In 2I,78I first attempts with calf lymph he had 

70 failures. 

With the exception of the case mentioned above - 

all these failures were successfully vaccinated at the 

second attempt. 

The Medical Officer for the L. G. Board also reported 

in the Blue Book for I89.5, that amongst 88,075 success- 

ive vaccinations by officers of the Board, whether with 

humanised or with calf lymph, no case of insusceptibili- 

ty had been met with; that is to say, in no case of 
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primary vaccination had the individual been vaccinated 

three times unsuccessfully. During the same time no le s 

than I983 certificates of insusceptibility had been gran 

ed by medical practitioners in England and Wales. 

Mr. 0. Lowsb;,' ( 3 ) public vaccinator for the Reading 

Board of Guardians announced, that out of I4000 childre 

whom he had vaccinated he had never found a cash of in 

susceptibility. 

Fr om these and other results it is evident,that Natur.l 

Immunity to vac'cinia is of extreme rarity . There are 

many who go so far as to say that it does not exist. 

The following figures taken from the Local 

Government Board Bluebooks for the years I896 -99 show 

the number of cases returned by vaccination officers a 

"leally" insusceptible. 

otal No.ofbirths Successful primary Insusceptible 
registered vaccinations of vaccination 

9I4,205 602,922 2885 

927,5I6 578,693 25I3 

923,059 56,737 3232 

929,I89 61.7,113 5679 

( 3 ) Lancet 1896 p.1: 97 vo1.II. 
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RACIAL irnuNITY. 

It is well known that great differences exist amongst 

the races of mankind with respect to their susceptibil y 

to certain diseases; and it is found that certainraces 

which have for long ages been subject to constant attack 

from any of these aiseases,gradually acquire a greater 

or less amount of Immunity from them,and that the dis- 

eases assume a milder and less fatal type. Thus Malari 

which is so fatal to Europeans on the West Coast of 

Africa,is seldom met with amongst the native races of 

that country; and on the other hand Measles,which is 

a comparatively mild disease amongst the inhabitants 

of this country, where it has existed for centuries,is 

capable of transformation into a most virulent and 

fatal malady,when introduced into a col?ntry,wbere it h. s 

previously been unknown. The terrible havoc,which it 

wrought on its first visit to the Pacific Isles is 

well known. 

As individuals vary in their susceptibility to dis- 

ease,it happens that,when an infectious disease is 

introduced into a country which it has ncit hitherto 

invaded,the persons who are most susceptible fall vict ms 

to it; and a process goes on,ending in the extinction 

of the least resistant,and the survival of the least 

susceptible. The descendants of these survivers inheri 

in most cases the resisting power of their ancestors, 

or where they do not they succumb,until at length by a 

process of selection the race becomes so resistant,tha 
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its members are only mildly attacked or are altogether 

immune. 

When such a disease dies out in a country, and is not 

again introduced for a long preiod of years, there 

gradually accumulate numbers of susceptible persons, 

who would. have been killed off by it had it been con- 

tinuously present; so that ,when it is again introduce 

it attacks with increased severity. 

rariola is one of the diseases,. which has these 

tendences, In European countries, where it has been kn wn 

for centuries, it is not so fatal amongst the unvaccinated 

ascit is amongst unvaccinated races of lands where it 

has long been absent. It is recorded that when it was 

introduced into Iceland in I707,no less than 18,0)0 

persons died out of a total population of 50,000. This 

island owing to its isolated position had hitherto esc ped 

invasion by smallpox, and the inhabitants had no protect 

ion in the form of Racial Immunity. Thus if we take it 

that every person in the island had smallpox, the mortal- 

ity amounted to 36 °,and if,as is probable,a certain 

number succeeded in isolating themselves and escaping 

infection the mortality must have been higher. In 

England about the same time the smallpox mortality was 

under 20 %, the difference being no doubt partly due to 

the influence of racial immunity,acquired during centuries 

of constant attack. 

Prescott(4)describes its ravages amongst the Astecs 
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a the time of the Spanish invasion of Mexico.(2520). 

"That terrible epidemic,the smallpox,w ,s now sweeping 

ver the land like fire over the praries,smiting down 

)rince and peasant,and adding another to the long train 

f woes,that followed the march of the white man.It 

as imported into the country,it, is said,y a negro 

.lave in the fleet of Narvaez." It swept over the 

ountry to the borders of the Pacific,"leaving its-path 

-trewn with the dead bodies of the natives,who,in the 

.trong language of a contemporary,'perished in heaps 

ike cattle stricken with the murrain'. It does not 

eem to have been fatal to the Spaniards,many of whom 

robably had already hadthe disorder,and who were at -11 

vents acquainted with the proper method of treating it ". 

heir escape was also no doubt largely due to their 

)ossession of Racial Immunity. 

Captain Cook speaks (s) of its ravages in Kaxnschat a 

' n its first introduction in I767,as threatening to 

ring about the entire extirpation of the population. 

In Greenland the first epidemic occurred in I734, 

nd resulted in nearly two thirds of the population 

eing swept away. Of 200 families living within a circle 

f 2 or 3 miles from the Danish settlenent,into which 

smallpox was brought,not more than 30 remained alive.(7) 

f. 

In Labrador the Esquimaux were attacked at the end' 

f the 18th century. Those who were not attacked fled 

nd their country became a desert without a living soul 

in it.(6). 
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Amongst the Red Indians of North America the dis- 

ease played terrible havoc. It is recorded, that one 

tribe after another suffered from it in turn, and in 

a few months lost half or more of their entire numbers. 

natlin records(0,that a tribe of 1500 souls was 

exterminated with the exception of 30 persons. 

The following is an account of its ravages amongst 

the powerful tribe of Blackfeet Indians, who were 

attacked while on the warpath against a white settle- 

ment. "It is affirmed, that several'bands of warriors 

who were on the march to attack the fort all perish- 

ed by the way, so that not one survived to convey the 

intelligence to their tribe. Thus in the course of a 

few weeks their strength and their courage were broken 

and nothing was to be heard in their camp but the fright- 

ful wailings of death. Every tho»ght of war was dis- 

pelled and the few that remained are as humble as 

famished dogs According to the most recent 

accounts the number of Indians who have been swept 

away by the smallpox on the Western frontier of the 

United States amounts to more than 60,000. (9) 

(4)The Conquest of Mexico.W.H.Prescott p.314. 
(5`)Capt.Cook,1Toyage to the Pacific Ocean,p.I73. 
(6)Bluebook on lTaccination,I857,p.I73; 
(Y) Ditto 1857,p.TTI. 
(8)Catlins History, IB4I: 

(9) Lloyd, Prince ,.'aximillian's Travels, 1837. 



Decline of Racial Immunity. 

It is interesting to note, that smallpox 

appears to be a more fatal - disease amongst the unv acc- 

inated, than it was in the eighteenth century.Previous 

to the introduction of vaccination smallpox was widespread 

and it has been estimated that only one person in twenty 

escaped attack (Haygarth). Asthe population had then 

been subjected to its ravages for several centuries, 

the process of elimination of the least resistent had 

been in progress, and we find that the mortality during 

the latter end of the eighteenth century was under 20 

per cent . 

Daniel Bernouilli(I760 --65) calculated that one 

eighth to one seventh of those attacked died of the disease. 

The figures available for the case mortality in 

the end of the I3th and beginning of the I9th centuries 

are very few, but agree in showing that the average 

fatality was well below 20 ier cent, although epidemics 

then as now appear to have varied greatly in severity. 

I774 Chester I202 cases 202 deaths66 16.80%. 

gl,d2 IVarwich W0 203 I6.9 %. 

I722 Ware 6I2 72 TI.7 %. 

Total 30T4 477 I5.8 %. 



Dr. Jurin collected statistics of several epidemics in 

England and America in the latter part of the eigrteent71 

century, and gave the average fatality as I6.5 %. this 

agrees with Bernouillis figure,and may be taken as re- 

presenting the average fatality of smallpox at this time. 

The protection afforded by vaccination during the 

nineteenth century almost put an end to the selective 

influence of smallpox,so that in the course of a hundred 

years large numbers have survived who would have 

succumbed to the disease in the absence of the protect- 

ive influence of vaccination. Thus, the process of elimin- 

ation of the least resisting having been held in abey- 

ance for a century, the condition of things at present 

approaches to some extent that of a country , from 

which the disease has long been absent altogether. 

The result of this is seen in the increased mortality 

rate amongst the unvaccinated , when smallpox attacks 

this class at the present time . Records of recent epi- 

demics show, that the average mortality rate is almost 

double what it was in the latter part of the eighteenth 

century. 

The report of the Metropolitan Asylums Board for I201 

states,that of 307 unvaccinated cases II) died or over 

38 per cent.- Epidemics occurring wiÿhin the last twenty 

ee.i's in Sheffield,Warrington,and Gloucester have given 

death rates of 49.6,35.2,and 40.8 per cent 1,2 the total 

number of unvaccinated cases;a.nd although in other cases 



particularly in the case of Teicester, the disease has 

been less fatal, yet it would seem ,that our racial 

immunity is declining; and that if the proteCtive.infli 

once of vaccination were suddenly removed, an epidemic 

of smallpox would be much more serious and fatal now 

th62-1 epidemic would have been a century ago. 

Sources of fallacy. 

In any comparison between the case mortality 

of the latter end of the I8th century, and that of 

recent years, the following sources of fallacy must be 

remembered; - 

(I) In the latter end of the I8th century the practice 
of inoculation was widely practised, and resulted 
in the occurrence of a large number of mild cases 
of smallpox, which tended to reduce the general 
case mortali ̀:y. 

(2) The records of that time are very imperfect, and 
althogh the total mortality is often obtainable,i 
is only in a few cases that the case mortality has 
been recorded. 

(3) In some cases Measles was included with Smallpox 
in the bills of mortality. 

(4) The variability of epidemics mu sy be remembered red 
both in early and recent years. 

(6) In nuking comparisons with uncivilized countries 
allowance must be made nor the absence or imperfect- 
ion of medical treatment; but in comparing small - 
pox mortality in England in the T8th century and 
now, a similar allowance should be made for the 
improved methods and means of treatment now obtainT 
able. The ;present practice of prompt isolation in 
well equipped hospitals ensures that practically 
every case is placed in the best position for recovery 
that our present knowledge affords. The mortality 
for this reason should be greatly reduced. 
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Natural Immunity to Smallpox Compared with Natural 

Immunity to Vaccination. 

It would appear from the foregoing that cases of 

natural immunity to smallpox were considerably more 

common than were cases of insusceptibility to vaccin- 

ation. At the end of the eighteenth century, when 

almost everyone was exposed at some time or another . 

to infection, a proportion of about one in twenty 

escaped;but on the introduction of vaccination,iractic -- 

ally everyone who had not had smallpox was found to be 

susceptible to the action of the virus.`.' sec ne). 

i3This difference is due to the fact,that in the one cas 

we are dealing with a disease produced as the result 

of natural infection, and in the other with a disease 

produced by inoculation. 

It is noted in the following section(p.5-0,that during 

the decline of immunity following vaccination an 

individual first of all becomes susceptible to,revacc- 

ination, and retains his protection against smallpox 

attack to a much. later date. 

It is pros able,that when inoculation was practised, 

just as many persons were found to be susceptible to 

the disease introduced in that way,as were afterwards 

found tobe susceptible to vaccinia. (vide P.6/ ) 

Racial Immunity,therefore,although sufficient to modify 

favourably the course of smallpox in many cases,and to 

avert attach- by the natural disease in a smaller 'numbe , 

lwas not sufficiently powerful to resistattack by inoc4 /a. Barr. 

i 
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SECTION III. 

ACTIVE ACQUIRED II. +MUNITY. 

Active Immunity may be acquired in an individual in 

several ways;- 

I. By an attack of the disease ending in recovery. 

2. By vaccination with a modified form of the infective 

agent. 

3. By injection of toxins produced by the microbes of 

the disease. 

4. In the case of hose diseases, whose infective 

micro- organisms are known, it may be acquired by inject 

ion of sterilised culturee of the microbes, or occasion - 

lly of the living microbes themselves. This method we 

re not yet in a position to study in its application 

to smallpox and vaccinia. 

The other methods are considered as 'ollows;- 

I. I?rununity towards Variola following vaccinia. 

II.Irr.munity towards vaccinia following; Variola. 

III.Immunity towards Vaccinia following vaccinia. 

v.Immunity towards Variola following Variola. 

I. Immunity towards Inoculated Variola following Variol 

!I. Active Acquired Immunity produced by injection of 

toxin. 
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I. 

=tUNITY TOWARDS SMALLPDX nOLLOiOING vACCINATION. 

That vaccination confers ,upon an individual an immunity 

towards smallpox, is a fact which was proved more than 

a century ago by Jenner, and which has obtained addit- 

ional proof in every epidemic of smallpox from that 

time to the present day. The mass of.evidence, which 

has been collected, is overwhelming; and the whole 

scientific world with a few unimportant exceptions has 

accepted it as a conclusive proof of the efficacy of 

vaccination as a protective measure. There is therefore 

no need to go over this well -worn subject again, or to 

recapitulate evidence, which is fully set forth in 

text-books, treatises, and blue- books, and is to be 

found in the reports of sanitary authorities and medical 

officers in all civilised countries during the greater 

part of the last hundred years. 

The Royal Commission on vaccination, which was appoint- 

ed in I889,and which during the next eight years dealt 

with an enormous amount of evidence on the sTibjegt, 

issued in 1897 a report containing the result of its 

labours. Its conclusions on the subject of the protect- 

ive power of vaccination were briefly as follows;- 

After endeavouring to give full weight to the argu- 

uents for and against vaccination, it has appeared 

impossible to resist the conclusion, that vaccination 

as a protective effect in relation to smallpox. (00) 
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The Commission found:-- - 

I. That it diminishes the liability to be attacked 

by the disease. 

2. That it modifies the character of the disease, and 

renders it (a) less fatal, and (b) of a milder or less 

severe type. 

The report of the Metropolitan Asylums Board (io) 

on the cases treated in their hospitals during the recent 

epidemic in London gives a fair example of the statistics 

obtainable after nearly every epidemic in recent years 

illustrative of the protective effects of vaccination. 

Of I282 persons who had at one time been vaccinated,I27 

died or IO %. 

Of 307, who were unvaccinated Il9died or 53 %. 

Of the vaccinated 2 % of those attacked were under ten. 

Of the vaccinated 5I % were under ten. 

In the vaccinated there were no deaths amongst those 

under ten. 

In the unvaccinated 54 % of the deaths which occurred 

were in persons under ten. 

No case of smallpox occurred amongst the Medical 

or Nursing staffs of the Hospitals of the Board nor 

amongst the ward and laundry maids connected with them. 
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In the recent epidemic in Rotherham (1902 -3), 

which came under my immediate observation, the follow- 

ing are the results that were noted; - 

There were 47 cases in all, and of these 38 had 

been vaccinated while 9 were unvaccinated. 0fthe 

former 2 died, and of the latter 3. 

Discrete Confluent Mortality per cent. 

vaccinated 35 3 5.2 % - 

Unvaccinated 4 5 33.3 % 

(H) Report of the Royal Commission on vaccination 

Syd. Soc. p.2I3. 

(to ) Report of Metropolitan Asylums Board on Small- 

pox Epidemic, I901,--. 
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Duration Of Irm>>unit,y to Smallpox after vaccinia. 

Although it was not recognised in the early days 

of vaccination, it has since been clearly proved, that 

the immunity, which is conferred against smallpox by 

vaccinia gradually declines in the course of time, and 

that a period is eventually arrived at, when the individ- 

ual becomes once more susceptible to attack. 

After considering a large amount of evidence on 

the subject the Royal Commission came to the following 

conclusionswith regard to the duration of the protect- 

ive power of vaccination. (Ir ) 

"The protection it affords against attacks of the 

disease is greatest during the years immediately 

succeeding the operation of vaccination. It is imposs- 

ible to fix with precision the length of the period of 

highest protection. Though not in all cases the same 

if a period is to be fixed, it might, we think, fairly 

be said to cover in general a period of nine or ten 

years. 

"After the lapse of the period of highest protective 

potency, the efficacy of vaccination to protect against 

attack rapidly diminishes, but it is still considerable 

in the next quinquennium and possibly never altogether 

ceases. 

"Ils power to modify the character of the disease is 

also greatest in the period in which its power to 

protect from attack is greatest,but its power thus to 
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modify the disease does not diminish so rapidly as its 

protective influence against attacks,and its efficacy 

during the later periods of life' is still very considerable" 

In order therefore to maintain a high degree of imrun 

ity sufficient to resist smallpox attack,an individual 

who had been vaccinated in infancy would require to be 

revaccinated at the age of ten,and again at intervals 

as immunity diminished. 

The evidence,upon which the conclusions of the Com- 

mission rest,is fully given in their report,and need 

not he quoted here. Some recent statistics,furnished by 

the Metropolitan Asylums Board may however be given in 

support of the above statements.(Report on Epidemic I90T) 

Amongst the Unvaccinated I92 out of 372 were 

under ten years of age,or 5I j>. 

Amongst the Vaccinated,only 20 out of T282 

were under ten,showing that protection is only in a 

few cases incomplete before ten years of age. 

The gradual diminution of immunity in those 

vaccinated in infancy is shown in the following table;- 

Age Cases Deaths Mortality Per Cent 

I5 - 20 I75 2 I.I 

20 - 25 225 Ii 6.6 

25 - 30 226 I7 7.5 

30 - 35 I70 20 IT.t; 

35 - 40 I42 26 T8.3 

40 - 50 I47 34 20.3 
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Variation in amount and duration of Immunity follow- 

ing Vaccination. 

There is a large amount of evidence to prove, that the 

extent and duration of Immunity afforded by vaccinat- 

ion depends to a considerable extent upon the thorough- 

ness with which the operation is performed. 

The Report of the Royal Commission on Vaccination( ".) 

states that -- "Upon the whole, the evidence appears to 

point to the conclusion that the Lreater the number 

of marks, the greater is the protection in relation 

to smallpox enjoyed by the vaccinated person." 

It also goes on to say that "whilst the distinction 

in this respect between those with one and those 

with two marks is not very great, there is a very 

marked contrast between those with four or even with 

three marks as compared with those with either one 

or two." Subsequently the Commission recommmnd that 

four insertions of lymph should be made, and tht an 

area of not less than 2 sq.inch of cicatrix should 

be produced, in order to obtain the most effective 

result. 

It is not necessary to reproduce the evidence, on 

which the above conclusions were come to. It was 

obtained from many sources, and nearly ail the statist- 

ics agreed in so far as they showed, that persons 

vaccinated in 4 places had a longer immunity from 

smallpox attack, and if they were eventually attacked, 

the type of the disease was milder than in those, 

who only showed one or two cicatrices. 
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The statistics obtained by Dr. Cory (i3) are not 

referred to in the report of the Commission, but are 

interesting in their bearing on this subject. 

He made observations on 448 cases who cane to him at 

his vaccination stations and who were pitted with 

smallpox. Of these 2I0 were admittedly unvaccinated 

and I05 had no evidence of vaccination scars. There 

were therefore 70.3I % of those pitted with smallpox 

who had no evidence of having been vaccinated. 

Cory came to the conclusion that "not only does the 

average age at the time of having smallpox increase 

directly as the number of the scars, but also the 

earliest age at which people become liable to contract 

smallpox after vaccination increases in the same way ". 

The following table shows the results of his investig- 

ations- 

Age Incidenceof smallpox in Vaccinated Cases. 

Admittedly Stated to 
uhvacc. have been 

vacc.but 
no scar scar 

2 

scars 
3 4 5 

scars scars or more 

No. of cases 2I0 I05 47 5T ;,,; I2 IO 

Avera,be ace 6.58 9.07 17.77 17.82 18.02 18.67 19.3 

Earliest Age 3 days 21 days 2 yrs. 7 yrs. 9 yrs I2 yrs. I3 yrs 



With regard to the type of smallpox in persons vaccin- 

ated with various degrees of efficiency, the follow- 

ing table constructed from Dr.Barry's figures (/4 ) 

is fairly typical of the usual experience. 

No. of primarz,r No. of Mortality 
cicatrices cases. Type of Smallpox 

lrarioloid Discrete Coherent Confluent 

95 20 % T 50 26 % 4.2 % I3.7° One or more 

Two 

Three 

Four or more 

259 

372 

99 

28 % 

40 % 

52 % 

5I % 

52 % 

41 % 

I9% 1.5 ; 
r7 O 

,1 

5 % 

0.8 5 

An analysis of statistics shows, that after a certain 

period subsequent to vaccination the variation in 

immunity denoted by the number and extent of cicatrie 

ces is no longer appreciable. 

Persons with one mark may be considered to be com- 

pletely protected up to about the age of eight years, 

after which they begin to si.vév llau-i.lity to attack. 

Thus in all cases immunity is complete up to this 

a6e, and therefore the number of cicatrices is of no 

significance. Those who have two marks seem to be 

fully protected up to a further age, and only begin 

to lose their immunity at ten. With those who have 

three four and five marks the limit extends to about 

eleven, thirteen, and sixteen years respectively. 
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Thus we find that the period during which the varia- 

tion of immunity, as denoted by the cicatrices, is 

most marked, is between eia-ht and twenty years after 

the primary vaccination. 

After twenty years it is quite inappreciable.Thus 

if we select from Cory's figures the cases in which 

an interval of over twenty years has elapsed since 

primary vaccination we get the following results; - 

Admittedly stated to 

unvacc. 
have been 
vacc.but 
no scars 

I" 

scar 

2 

scars 

3 5 

or 
more 

Cases I3 9 I4 IO 9 5 

Average 
age 

26.6 27.6 24.9 25.4 26.2 27.8 , «.4 
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Mr. Sweeting has collected (05) a large _umber of 

cases in which the interval which elapsed was 30 years, 

and these show that immunity at this interval is not 

in any denoted by the number of cicatrices. 

Marks No. of Cases Deaths Percentage 

I I24 I9 I5.32 

2 I49 20 13.42 

3 I0b I6 15.23 

4 50 7 I4.00 

5 or more 27 4 I4.8I 

It is imp -ossible to say whether a larger number of 

vesicles than five would produce a higher degree of 

immunity, and one that would last for a longer time; 

for there is no evidence on the subject. It is prob- 

able that they would do so; but so few persons have 

been vaccinated in more than five places at one time, 

that there is no means at present of discovering, 

what is the maximum number required to produce the 

most permanent and complete immunity. 

(I z) Report of the Royal Commission on Vaccination, 
New Sydenham Soc. I898, p. I65 

(i3) Vaccination. T. Cory. 
(14) Report on an Epidemic of Smallpox at Sheffield 

I887 -8, p. 2I2 -I3. 
(ts) Report of Dissentients, Royal Commission on 

vaccination, p. 404. 
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The Influence of vaccinatiofl during the early Stages 

of Smallpox. 

The immunity produced by vaccination is at its highest 

point in the period succeeding the ninth or tenth day 

after the insertion of lymph. The following experiment 

has been performed by several investigators ( Cory, 

Copeman and others ). A susceptible person was vaccin- 

ated, and on each succeeding day the operation was 

repeated so long as it was found that any reaction was 

produced. The first vesicles developed in an normal 

manner and were fully matured on the eighth day. 

Those which were produced later ran through the stages 

of papillation, vesication and maturation more rapidly 

so that they also were fully developed on the same day. 

Those that had been inoculated on the seventh and eight, 

days ran an abortive course forming papillae only, and 

after the ninth day no reaction could be procured, 

showing that immunity was complete. 

This delay in the full production of immunity is 

of much importance in considering the effects of vac- 

cination on persons infected with smallpox. 

If such persons he vaccinated sufficiently early for 

the full immunity to be produced before the completion 

of the incubation period of smallpox, the effects of 

the vaccination will he seen in the prevention or 

modification of the attack of smallpox. 

The full influence of Vaccinia being produced about 
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eight days after inoculation, antitoxin is then formed 

in sufficient quantity to protect against the invasion 

of Variola. The incubation period of Variola is usual- 

ly from IO to 14 (most often 12) days,after which the 

invasion period sets in followed by the outbreak of 

the eruption. The incubation period of Variola being 

thus longer than the time required to produce protect- 

ion by Vaccinia, it therefore follows that, if both 

diseases are introduced at the same time, Vaccinia 

which runs the quicker course is able to protect the 

patient,so that the invasion of Variola is resisted. 

Even if the patient be vaccinated later in the 

incubation stage of Variola, when the Vaccinia has not 

time to produce its full preventive influence, a suffic- 

ient amount of protective influence may be obtained 

to modify the course of the smallpox. 

Where Vaccination is performed only at the beginning 

of the invasion stage of the Smallpox, or when the 

latter disease has manifested itself more fully, it 

does not appear to have any modifying influence upon 

course of the Smallpox;and on the other hand it seems 

itself to be so influenced bythe more serious disease 

that it runs a more rapid course. The effect of such 

a condition on the.vaccine vesicles is similar to that 

produced in an early revaccination,or in the later 

vesicles formed after a series of successive daily 

insertions of lymph, as in Copeman's experiment. 
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The vesicles are small,and have very little areola,and 

they run through their various stages in a few days,anti 

disappear leaving only faint cicatrices. 

Huguenin(iOnakes the following observations on the 

influence of vaccinia in the early stages of variola; r 

I. If after exposure but prior to actual infection - 

corahlete immunity. 

2. On the first day of incubation - transitory rise of 

temperature only. 

3. In the early days of incubation - considerable 
modification. 

4. In the middle of incubation - course favourably 
influenced. 

5. At end of incubation - *both diseases make their 
appearance. 

6. Immediately before or during the first fever - 

variola takes its course. 

The following Diagram illustrates these points. 

Incubation stage 

day 6th 

of variola 

day 12th 

Invasion and course of 
Variola 

day 

lemeense 

- - 

Immune 

Slight 

Modified 

Favoura o 

Sev -o 

ores 
Unmodif 

o Inoci?lation with Vaccinia. 

(0 Pocken,Lubarsch u.Ostertags Ergebuisse,Jan.4 I899 p.24 

le 

ere 

ied 
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The following cases came under my own observation 

-during the epidemic of I902 - 3, in the Rotherham 

Isolation Hospital. 

Condition Appear - 
as to ance of When 
Vacc. rash revacc. Course of course of 

Patient Age previously Date Date vaccination smallpox 

2 

3 

4 

5 

6 

7 

8 

9 

0 

I 

I2 

3 

T4 

T5 

W.S. 

W. W. 

T.S. 

P.M. 

J.J. 

W.R. 

S. G. 

G.!?J.B 

J.S. 

J.M. 

P.C. 

A.L. 

K.M. 

J.H. 

F.R. 

24 

6I 

33 

44 

55 

40 

38 

, 27 

24 

32 

53 

32 

27 

40 

27 

Vacc.in! 
infancy 
Unvacc . 

Vacc.in 
infancy 

n 

11 

n 

n 

n 

n 

n 

nvacc. 

TaC c . in 
nfancy 

n 

Unvacc. 

Tac c . in 
nfancy 

25;XII;02 
25 ;XII ; 02 

27 ;XII ; 02 

28;XII;02 

29;XII;02 

30;XII;02 

3I;XII;02 

3I;Xii;02 

I7;I;03 

20;1;03 

., "4;T;03 

24;I;07 

3I;I;03 

I2;2;03 

I9;3;03 

I3;4;03 

Modified 

27 ;XII ; 02 

28;XII;02 

29;XII:02 

30;XII;02 

3I;XIT;02 

3I;XII;02 

I7;I;03 

20;I;03 

24;1;03 

24;I;03 

3I;I;03 

22;2;03 

25;3;03 

I3;4;03 

Very slight 

modified 

n 

n 

It 

abortive 

Modified 

n 

n 

failed 

took well 

n 

nodified 

Discrete 
modified 
Confluent 

fatal 
Discrete 
modified 

It 

n 

n 

11 

n 

n 

Confluent 

Discrete 
modified 

Very slight 

Discrete 
modified 

n 
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The cases given in the table were diagnosed as smallpox 

on the appearance of the rash, and were removed to 

hospital on the same day. All were vaccinated on their 

admission to the hospital, except Nos.I3 and 14, which 

had already been done amongst other contacts in houses 

from which smallpox patients had previously been re- 

moved.In those who were vaccinated on the appearance 

of the smallpox eruption, the influence of the protect- 

ive measure was not appaarent. All Except two had been 

vaccinated in infancy, and in these the disease assumed 

the modified form that it usually takes in suchcases. 
!/ 

The two cases who were unvaccinated(Nos.2 and )both 

had confluent smallpox, and one of them died; so that 

although the vaccination took in both it was too late 

to have any protective influence. 

In the two cases(Nos.I3 and I4),where vaccination was 

done ten days and six days respectively prior to,the 

appearance of the rash, the effect was marked. The 

first had been vaccinated in infancy, but the attack 

of Variola was so slight, that the chief protective 

influence must be attributed to the second vaccination. 

Only a few spots appeared, and these rap idly ran 

their course and dried up. The second case was previot.s- 

ly unvaccinated, and although vaccination was not per 

formed till about the middle of the incubation stage,. 

it was able to influence the severity of the variola 

very markedly,and the case contrasts well with the 



two other unvaccinated cases(ITos.2 and II),which both 

assumed the confluent type, and also with the other 

unvaccinated cases during the e7.idemic,most of which 

were confluent and fatal. 

The following cases, collected from various sources 

also support the conclusions of Huguenin. 

Reported 

by 

Dr. Hall 

Dr.Howe 

n 

11 

Where re- Age Condition Date of Date of 
ported as to smallpox vaccin- 

! `Taccinat. rash ation 

B.Pi.J.03 
1,134 36 Unvacc . 

B.M.J.03 
I,663 Adult Vacc. 
' 7 

I UmTacc. 

Dr. Collin -T ancet 
son '98,IT0 

II 

n 

9 n 

Adult vacc. 

VI 

Child Unvttcc. 

8 

7 Unv ac c . 

Dr- Pater- B.M.J.Child 
son 27;2;04 Probably 

unvace. 

6.Ix.02 

4.I.03 

28.xII.03 

2.I.03 

4 I.03 

T7.2.98 

` a T ._. . ". , 8 

24.2. 98 

16.2.98 

25.2.98 

25.2.98 

15.3.98 

Type of 

vaccinia 

4. TX.02 modified 

20.I2 02 not stated 

26.XII.02 

20.XII.0` 

20.XII.0 

9,2..9B successful 

8.2.98 

I6.2.98 iat stated 

I5. 2.98 

II.2.98 

19.2.98 

7.3.98 

n 

days after 
ace. I 

VI 

VI 

r. 

It 

If 

9 days 
vacc. 

IO days 
vacc. 

after 

after 

Type of 

smallpox 

modified 

ver; mild 

Mild case. 

Very mild 

`Very mild 

Severe 

Mild 

Confluent 

Died 

gell marked 

,onfluer_t 
died. 

Mild 

very mild 
ell marked 

n 

If 

n 

imperfect More severe 
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In cases vaccinated late in the incubation stage of 

smallpox, or during its invasion period, the vaccination 

vesicles show considerable modification. They become 

papular and may not proceed further, or they may go on 

to the vesicular stage and then rapidly dry up. This 

may be explained by supposing that even the small amount 

of antitoxin formed by the smallpox in the earliest 

stage of the invasion period is able to counteract the 

milder disease; or that the leucocytosis induced by 

the onset of llariola exerts its action on the Vaccinia. 

The antagonistic action of Vaccinia to varioia, grad- 

ually weakening the later its power is exerted, is in 

some ways analagous to the action of antidìphtheritic 

serum in diptheria. A dose of 500 antitoxic units of the 

serum injected before the invasion stage of the disease 

is sufficient to prevent its onset. If the same dose 

be given on the first days of the invasion the disease 

will be much modified or it may be cured. On the second 

day however it has less effect, and later in the pro- 

gress of the disease it would seem to have none at all. 

This loss of power however is met by doubling, trebling 

or further increasing the dose according to the period 

at which it is given, and even then results at an ad- 

vanced period are often unsatisfactory. 
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The following table is prepared from the Report of the 

Medical Superintendents on the use of Antitoxic Serum 

in the treatment of Diptheria in the Hospitals of the 

Metropolitan Asylums Board during the year I896. It 

shows the large decrease in mortality amongst patients 

treated with antitoxin, and that the decrease fs breat- 

est amongst those treated early in the disease. 

Day of 
disease. 

Cases. 

With Antitoxin 
I396. 

Deaths. P. Cent. 

Without Antitoxin 
I894. 

Cases. Deaths. P. Cent. 

I 64 4 4.7 I33 30 22.5 

2 567 73 I2.8 539 I46 27.0 

3 823 I46 17.7 652 192 29.4 

4 322 I85 22-.5 566 T79 31.6 

5 and 
after 

I879 463 24.6 I152 355 30.3 

Total 4175 87I 20.8 3042 902 24.6 
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II. 

IMt2UNI`L'Y TO VACCINIA AFTER SMALLPDX. 

That an attack of smallpox usually confers immunity 

for a certain period of time not only to smallpox, 

but also to vaccinia, is a fact that has been recognis- 

ed since the days of Jenner. 

Jenner himself states as follows;- (1 ;) 

"Although the susceptibility of the virus of the 

cow -pox is for the.most part lostinthose who have had 

the smallpox, yet in some constitutions it is only 

partially destroyed, and in others it does not appear 

to be in the least diminished. By far the greater 

number on whom trials were made resisted it entirely; 

yet I found some on whose arms the pustule from inoc- 

ulation was formed completely, but without producing 

the common efflorescent blush around it, or any con 

stitutional illness;while others have had the disease 

in the most perfect manner." 

In this case, as in the case of the protective 

power of vaccinia to smallpox, Jenner does not appear 

to have recognised that immunity lapses with time. 

The cases in which the susceptibility "did not appear 

to he in the least diminished, "were probably those 

whose protective power had been lost in the course of 

many years. 

Several observers have recorded the results of 

vaccination in persons, whon have previously suffered 

from smallpox. Sir John Simon ( ) made observations 
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on 1436 adults at Kasan, who presented marks of previous 

s mallpox, and found that in I8.85 % he obtained 

"perfect success" and in 5.8 % the result was an 

"imperfect success", leaving 73.3 % of failures. 

'These figures may however be taken as being consider- 

ably below the mark, for his successful casesin those 

who bore no marks of either smallpox oe vaccination 

were only 30 % perfect, and I6 % imperfect,- a very 

low percentage of success. 

The following facts were compiled by Seaton in 

his handbook of vaccination , regarding soldiers who 

had previously suffered from smallpox. 

Wirtemberg Army British Army British Army 

I83i-5 (Soldiers tot 
recruits) I861. 

(recruits) 
1861 

Perfect 31.95 45.I4 34.55 

Modified 24.81 I5.96 26.68 

None 43.23 33.90 38.77per cent 

These figures show, that there was a higher percent - 

age of perfect success amongst soldiers not recruits 

than amongst recruits, which is probably to be accounted 

for by the element of time, which was likely to be 

shorter in the case of the recruits than the other 

older men. 

(9A continuation of ?acts and Observations relative to the 

variolae Vacciniae or Cowpox. 

(is) papers on Vacc ina.t ion. 
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Duration_ of I::miunitz,r to vaccinia after Smallpox. 

.jit is difficult to;obtain reliable data as to the 

duration of immunity to vaccinia after smallpox,and I 

am unable to discthver any work which has been done for 

the purpose of making it out. It is a matter of common 

exper. ience,however, that vaccination performed o a 

person who has had smallpox usually fails to take, 

unless a considerable interval has elapsed since the 

attack. 

Some usefyi facts bearing upon this matter may be 

elicited from the careful records of Dr.Cory(f )which 

were compiled bynhim for anpther purpose. He rives 

details of 456 cases of persons who came to his vaccina- 

tion stations,and who were marked by smallpox;and although 

the purpose of his records was to show their condition 

as to vaccination previous to their attack of smallpox, 

yet he gives sufficient particulars in 286 of the cases 

to enable us to obtain the intervals,which elapsed 

between the smallpox attack and the subsequent vaccination. 

These intervals showed very considerable variation; 

and it might naturally be supposed,thatthe greatest lapse 

of time would occur after those cases ,where the smallpox 

attack had been most severe,and vice versa. Dr.Cory 

has noted the degree of scarring of the face and body 

which each of these cases showed, so that it is 

possible to divide them up into three classes, slight, 

(/ )Theory and Practice of Vaccination. T.Cory. 



moderate, and severe, according to the amount of 

scaring shown. The average intervals in the three 

classes can thus be obtained and compared. 

Slightly Moderately Deeply 
marked marked marked 

88 61 No. of cases I37 

Aggregate 
of years 2847 

Average 
interval 2I.5I 

2T32 

24.22 

I3I9 

21.62 

These results show a remarkable uniformity in the 

average intervals of the three classes, and there is 

no such difference as might have been expected between 

the first class and the third. 

The explanation of this is, I think, as follows:- 

Those cases which were deeply marked are recorded 

nearly all to have shown absence of previous vaccin- 

ation marks, or to have had evidence only of the 

most imperfect protection. 

The slightly marked cases on the other hand showed 

signs of having been much better protected by earlier 

vaccination. This is what might be expected, and con- 

forms to the large mass of evidence furnished by 

Sanitary Authorities and Smallpox hospitals . 

The severity of the attack of smallpox therefore 

varied inversely as the amount of protection afforded by 

vaccination, and both taken together resulted in 

complete immunity. 
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In other words slight protection by vaccination plus 

4 large amount of protection conferreu by severe small - 

i)ox attack together resulted in complete immunity. 

Aood vaccination in infancy followed 'later in life 

b/ a slight attack of smallpox would produce the same 

result. It would seem that the smallpox r;u>>plied the 

additional amount of protection, which was necessary in 

the partially protected individual, in order to render 

im for the time being completely immune. 

he immunity produced by the smallpox acted as the 

omplement of that surviving from the primary vaccin - 

tion, the resultant hein; complete immunity. 

he result,-therefore in all cases was the sane -- -all 

;ere t routi,t as it were to the same level at the enu of 

the smallpox al. ;:tck - -- to the level of complete immunit, 

?bseg.uently he immunity began to diminish, and con - 

,inued gradually to rto so, until a point was reached 

hen the individual became susceptible to vaccinia 

-gain. 'Ihe number of years elapsing before this I oint 

as reached would be exbected to average nearly the 

Same in all classes of cases, and this we find it does. 

r, 



ITyTMUI?I`l'Y TO 17ACCITTIA AFTFK l'ACCITTTA. 

The immunity which follows vaccination a1pears to 

show diminution within 'a comparatively short time 

towards Revaccination. Later comes susceptibility to 

attack by smallpox, and lastly susceptibility to 

death from smallpox. 

If a person be revaccinated within 2 or 3 years of 

his previous vaccination the result will either be 

negative, or only a slight local result will follow. 

In such earl y cases the most that is likely to be 

produced is a small papule, which dies away without 

passing on to vesication. If an interval of 4 or 5 

years be allowed to elapse the result may still be 

negative, or a somewhat more perfect result than 

formerly may be obtained. The longer the interval 

that elapses the more nearly is the second result 

likely to approach the type of theprimary vesicle, 

until a stage is reached when it becomes indistin- 

guishable from a primary vaccination. When this period 

is reached we may assume that the immunity resulting 

from the former operation has very decidedly diminish- 

ed and although it is probable that the remaining 

immunity would be sufficient to modify an attack of 

smallpox, it is insufficient to affect the course of 

vaccinia. 
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As determining the time during which a primary vacci- 

nation is able to modify a secondary one, the observa- 

tions of Cory (iv) may be referred to. He divides 

the cases upon which he has made observations into 

six classes, according to the various manifestations 

of the sore produced by revaccination. 

In Class No. I. he places those cases which show 

scarcely any areola and the sore does not advance 

after the fourth day and never becomes truly vesicular. 

In Class No. 6. are those cases resembling in all 

respects the results of primary vaccination, and the 

intermediate classes are those showing progressive 

advances from No. I to No. 6. 

He finds that 18 is the 

average number of years between vaccinations and that 

this interval also corresponds to the age at which 

those having the mean characteristic are revaccinated. 

From the results he obtains, and making allowances 

for abnormal cases in which the element of time is not 

the only factor to be considered he infers-that a 

single infantile vaccination confers on an average 

complete immunity for I4 years and that at 24 years 

immunity has so far disappeared that the vesicle 

resulting from revaccination pursues an identicial 

course to that following a primary vaccination. 

I am inclined to think that Cory's statement,that 14 

years is the average period of complete i ;maunity,is 
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is contrary to the Leneral experience. There is 

seldom any difficulty in obtaining a reaction ten 

years after a primary vaccination in infancy,or even 

earlier. 

(20) Cory:- Theory and Practice of vaccination p.94. 
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During the past twelve months I have had occasiofl to 

revaccinate 48 children of ages ranging from IO to 

I5. These were vaccinated with lymph supplied by. the 

National Vaccine Establishment and the following 

results were obtained: -- 

Positive 

Negative 

IO II 12 I3 T4 15 

9 9 13 8 6 3 

In those aged IO and II the results were usually 

imperfect, and the vaccination seldom passed beyond 

the papular or modified vesicular stage. In those of 

I4 and I5 the vesicular stage was usually reached but 

there was little areola, and the vesicles rapidly 

dried up and disappeared. In all, however, except two 

there was a definite reaction, showing that immunity 

was certainly not complete. 

The following figures are given by Biedart (. /)And 

are the results obtained by a physician who was 

officially charged with the revaccination of school 

children on the appearance of smallpox in Hageneau in 

T4I8 39:6blu 

This table illustrates the gradual diminution of 

immunity and supports the contention,that the average 

age to which complete immunity extends is comparative- 

ly early- in this case about 7 to 8. 



Age No result Successful Per Cent. 

6 - 7 288 94 33. 0 

7 - 8 .292 187 63. 8 

8 - 9 222 I6I 72. 7 

9 - IO 221 I76 80.0 

IO - II 306 273 85. 8 

II - I2 4I3 367 88. 6 

It has been found, that whereas it is comparatively 

easy to obtain a successful result in children after 

an interval of a few years, it is more difficult to 

do so, where the vaccination has been performed in 

in adult life . The immunity in the latter case 

appears to be more permanent than in the former. 

The following figures are taken from a paper by Dr. 

R. J. Carter. ( ) 

In 140 children vaccinated in infancy and revaccin- 

ated by him at all aces ltp to I4, he obtained success- 

es at four years and onwards only one case failing 

In I7I adults vaccinated later in life than I4 

years, he obtained no success before an interval of 

8 years. 

THE following table gives number of successes and 

failures at each interval from one year upwards.in per- 

sons vaccinated later in life than fourteen years. 
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Ages I 2 3 4 5 6 7 8 9 IO I/ 12 

Successful 0 0 0 0 0 0 0 I I 2 I I 

Unsuccessful I2 I3 6 8 2 6 I 4 2 2 0 

Ages 

Successful 2 0 2 0 0 I 0 0 82 

Unsuccessful 8 3 I 2 0 0 2 0 4 

I3 I4 I5 I6 I7 I8 I9 20 Over 20 

He states that at the tenth year revaccination of 

children vaccinated in infancy always results in a 

more or less typical vaccinia, whereas in adults it 

is not till about twenty years after a previous 

vaccination, and not always then, that we can ensure 

any successful results. 

He interprets these results, viz. the greater 

rapidity with which the effects of vaccinia on the 

organism wear out in early life compared with more 

mature age, thus:- up to puberty the tissues are in a 

much more active condition and tissue change is more 

rapid than in later life, and therefore impressions 

on the organism are more easily effaced. 

(:_ _) R. J Carter: Observations on Revaccination, 

Lancet, June I2, I897. 
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It is probably an explanation of this kind, which 

accounts for the remarkable immunity from smallpox 

attack, which is enjoyed by the revaccinated. It is 

a well known fact, that Government servants, such as 

soldìers,post- office and police officials, and also 

medical men and nurses are almost entirely exemi:t from 

smallpox attack. It would seem, that the immunity 

which is conferred by revaccination is more perfect, 

and probably is of longer duration, than is that 

following primary vaccination in infancy. 
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IPTMUNITY TO VARIOLA AFT] R VARIOLA. 

Second attacks of Smallpox are rare, but they do occas- 

ionally occur. Jenner himself recorded a considerable 

number. 

In the Sheffield epidemic of I887, 23 persons were 

attacked out of I8,292 who had previously suffered 

from smallpox. Of these 23, five died, Giving a mortal- 

ity rate of 2I.7 5,(/3) which is very high when compar- 

ed with that of the vaccinated cases. This high rate of 

fatality in second attacks has been remarked on by 

other observers, and some have even raised doubts as 

to whether an attack confers a real immunity. 

Sternberg (3'1) gives the following comparative figures 

compiled from 30 returns (not selected) received by the 

London Sanitary Authorities: - 

Natural Variola 

No. of 
Deaths 

Deaths Percentage 
of Deaths 

in 
the Unprotected I73I 361 20.05 

Variola after 
Variola 58 22 37.32 

Variola after 
Vaccination 3ú :; 32 5.44 

From this it may be seen that the mortality rate in 

second attacks of smallpox is higher even than that of 

smallpox in the unprotected. It 'could therefore at 

first sight seem that immunity must be decreased rather 

than otherwise by an attack of smallpox; but it must 



be remembered that second attacks are after all very 

rare., and it is well known that persons who have 

once suffered from the disease may as a rule freely 

expose themselves to infection with impunity. 

There remains however the fact, that although the 

attack rate after smallpox is reduced to small pro- 

portions, the mortality rate amongst the fww who are 

attacked a second time is very high. This maybe 

accounted for in the following ways. 

I. A few cases may be taken as instances of except- 

ional susceptibility. 

2. A first attack if severe may undermine to some 

extent the constitution of the individual, lowering 

his resisting power to the intercurrent diseases , 

which tend to complicate smallpox. 

3. Second attacks occur in more advanced life than 

first ones, and usually at an age when complications 

are more liable to set in and are less easily resisted. 

It may be seen from an analysis Of the fatal cases 

of second attacks, that death seldom occurs from 

smallpox pure and simple, but is usually due to some 

secondary cause. 

Thus in the five Sheffield cases 

two exposed themselves during delirium to cold, 

and died from this cause; 

one died from apoplexy; 

in one evidence of first attack was inadequate; 
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and only one died from smallpox undoubtedly. 

The high rate of mortality is therefore no indication 

cif the absence of immunity after smallpox. 

The severity of second attacks of smallpox may be com- 

compared to that which seems to occur in second attacks 

of typhoid fever . The following information I have 

obtained from Dr.Eiliot, who acted as Senior Physician to 

the Imperial Yoemanry Hospital at Deelfontein S. Africa. 

He says," I should be inclined to say that the first 

attack in no way modified the second, which was always 

a definate attack of enteric fever, and usually severe." 

The following cases are given in his paper on the 

subject, published in the Lancet (z6) and written in 

conjunction with the late Dr. Washbourne. 

No. of Case Interval 
attacks 

of Type of 2nd 
attack 

Result 

28 7 yrs. relapse recovered 
84 empyema 

I03 I5 yrs. marked 
I04 childhood marked " 

I60 3 or 4 yrs. lasted 26 days " 

206 childhood & recently very severe died 
232 I yr. marked recovered 
243 
279 
300 

3 yrs. 
8 yrs. 

recent 

severe 
marked 
sharp 

rr rr 

n 

54 4 or 5 yrs. relapse n 

222 I marked n 

It would thus seem that in the case of Smallpox and 

Typhoid fever and probably also of other infectious 

diseases, that although the immunity consequent on an 
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attack is usually sufficient to prevent the occurrence 

of a second attack, yet condit ions may arise when the 

resistance is overcome and a second attack results. 

If the resistance be represented by the antitoxin 

remaining in the blood after a first attack, the con- 

ditionswhich allow of a second attack may be - 

I. The gradual diminution of the antitoxic power, 

which occurs as time goes on. 

2. A dose of the poison too large to be successful- 

ly resisted by the antitoxin present. 

3. Unfavourable circumstances that prevent the 

antitoxin from having its effect, as in the well known 

instance of the infection of white rats by Anthrax 

after exposure to cold, although in their normal 

condition they are immune to this disease. 

4. A combination of the above conditions. 

It may be supl)osed that ,. the poison from one of the 

above causes having gained an entrance, and having 

neutralised the existing antitoxin, the disease:runs 

its course in a manner similar to a first attack; 

but that it is probably more liable to be unfavourably 

modified by other intercurrent and complicating diseases. 

(13) Dr.Barry's report of Sheffield epidemic I387 -8. 
(14)Sternberg, Immunity and Serum THerapy p. 23I. 

(t-)Dr. Barry's Report pp. 46, 87, I57 

(24) Lancet Jan. 18, I902. 
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I2.1 UNITY TO INOCULATED VARIOLA AT+'TFR NATURAL VARIOLA. 

We have seen that a successful vaccination in infancy 

onfers immunity against smallpox attack for about ten 

rears,and usually for a much longer period. 

we have also seen that the immunity this confers 

iminishes in a much shorter time towards vaccination, 

hich can in most cases be performed successfully before 

n interval of ten,eight or even six years has elapsed 

ince the primary vacciriRtion. 

It has also been shown,that whereas an attack of small - 

'ox confers immunity against smallpox during life in 

early all cases,it is yet possible to vaccinate 

uccessfully a person so protected after an interval 

f 18 or 20 years from the attack. 

Now if ` Taccinia and ZVariola are to be regarded as 

anifestations of the same disease,it follows that 

acquired Immunity. should be complete for the same length 

f time towards each. 
it is very probable that this is really the case,and 

hat the apparent difference in duration of immunity 

s clue to the manner in which the disease is produced 

the second instance; that is to say,that the inoc- 

lated disease may be produced at an earlier date than 

,ienatural disease brought about by infection. 

'accinia,as we have been considering it,is Inoculated 

'accinia,whilst Smallpox is the Natural Smallpox. 

t is probable that complete immunity after.either 

mallpox or vaccinia is of the same duration towards 



both forris,however ',produced; but when protection begins 

to diminish susceptibility is shown to the inoculated 

diaease considerably before it is to the natural form. 

t would seem as if a concentrated dose of the infective 

aterial,p;iven by inoculation,were able to break down 

stronger barrier of i muni ter, than a quantity perhaps 

lore diffused and entering by the ordinary channels. 

'7e have seen that this is so in the case of inoculated 

raccinia;but it is much more difficult to obtain_ pacts 

'n goof of this contention as regards inoculated rmall- 

ox,for inoculation with variolo us matter is not pro 

ibited by law,and we have to depend chiefly on the 

vidence of a few eighteenth century records, These 

ppear to show that successful results could be obtain- 

ed by inoculation of smallpox in persoris,who were quite 

insusceptible to attack in the ordinary way. 

It is reported that an Edinburgh physician of the eight- 

onth century maintained a supply of matter for the 

urposes of inoculation in his practice by periodically 

'noculating his own arm. .(z7) 

n old Plymouth surgeon,John Mudge,records(' )that he 

was in the habit of testing the activity of the virus 

e used in his practice by inserting some on his own 

and. He says,- "The pocky matter applied to a scratch made 

n the skin of a person passed the smallpox will repeatedly 

nd almost certainly inflame the part,and raise a pimple 

hich will itch,smart,and he troublesome;in short will 
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produce an appearance similar. to that, which we see 

on the arm of an inoculated person five or six days 

after inoculation." 

How i_ruch of this "inflalmation of the part" was due 

to inoculated smallpox, and how much to.inoculated 

streptococci, it is impossible to say;but no doubt 

many of the cases were genuine and occured in persons 

whose protection was beginning to diminish, although 

still sufficient to render them immune from natural 

smallpox. 

(27) Report of the Royal Commission, 6th Resort_, 

Minutes of Evidence,l -.3I4. 

(0) A Dissertation on Inoculated Smallpox, 1777. 
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ACTIVE IMtJNITY ACQUIRED BY INJECTION OF TOXIN., 

It has been proved that immunity may be acquired by 

the injection of a solution ,containing a toxin even 

although no bacteria be 'present. - 

This is also true of some toxins which are not produc- 

ed by bacteria. Thus Ehrlich obtained immunity to 

abrin and ricin, the toxic products of the jequirity 

and castor oil plants by injecting small but gradually 

increasing doses. 

When the toxin is introduced into the body of an 

animal in a small and non -fatal dose, it is according 

to Ehrlich's theory anchored by its haptaphore group 

to the corresponding group of the body cell. It then 

exerts its action to the body cell, and if not power- 

ful enough to destroy it, stimulates it to produce 

more haptaphore side- chains in place of those occupied 

by the side- chains of the toxin molecule. These new 

side - chains constitute the antitoxin and are cast off 

into the blood, and as they continue to be formed 

much in excess of immediate requirements, it follows 

that immunity .is produced to a much larger dose of 

toxin of the same kind. 

It has been shown that the toxin contained in vaccine 

lymph which has been sterilized has an action of this 

kind when introduced into the body of a susceptible 

animal. 

Copeman (29) in 1891 experimented with lymph which he 

"sterilized" by heating to 6O.0 and with which he 



65 

inoculated calves in the ordinary way by superficial 

incisions. No local effect whatever was prodiice8 at 

the seat of inoculation; but, when a week later the 

calf was vaccinated by Dr. Cory directly from another 

animal, the lymph from which was known to be potent, 

it was found that the calf was immune. The experiment 

was repeated several times and always with the saine 

result. The lymph used in the second attempted vaccin- 

ations was tested each time on susceptible animals 

and found to be active. In these experiments the toxin 

of the lymph must have been absorbed through the 

incisions, and must then have produced its effects 

on the molecules of the body cells leading to the 

production of antitoxin. 

He proceeded to introdude the toxin more directly 

into the system in a further series of experiments 

by subcutaneously injecting it into monkeys, animals 

which he had previously found to he susceptible to 

vaccinia. He diluted the lymph with normal saline 

solution to render it more easy of manipulation, and 

injected it into the subcutaneous tissues of the hack. 

He found that "some degree of protection was obtain- 

able against subsequent vaccination carried out in 

the usual manner." 

He also states that Chauveau has confirDied his exper- 

iments by subcutaneous inoculation of bovines and 

horses. 
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He does not give any record of the time which protection 

lasted, nor of the time required to produce immunity 

in this way (beyond the mention of the lapse of a 

week in his first experiment). 

Beclere, Chambon and Maynard (c) also investigated 

this subject and found that a subcutaneous injection 

of vaccine lymph, when used immediately before vaccin- 

ation did not appear to modify the resulting vesicles. 

When however the injection was given eight days before 

vaccination it produced considerable modification of 

the result. 

(-q ) Vaccination. Natural History and Pathology p. I34 

(m ) Annales cíe 1' Institut Pasteur I896. 
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Duration of Active Acquired Imml,nity. 

The following is the al,proximate duration of complete 

Acquired Irmmunity in the different circumstances 

enumerated. 

To 1%accin_ia after Vacciria in infancy 6 to 8 years 

To Variola It It It It IU to I4 

To Vaccinia " 
It in adult life I5 to 20 " 

To Variola It 
" " " " 20 yrs.or mo i e 

To Vaccinia after Variola 20 to 24 yrs. 

To Variola after tTariola usually during ife. 

To Inoculated Variola aft 

To inoculated Variola aft 

er Vaccinia. . . probably the s- . 
e as 

cc. 
e as 

vacc. after variola. 

vacc. after v. 

er Variola....probably the s 
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PASSIVF ACUIKED IMHUTTI`i'Y. 

Passive Acquired Imrnunity results from the reception 

by an ar_ival of the antitoxin formed in the blood of 

another animal in resi.onse to an attack by bacteria 

or bacterial toxins. 

There are three methods by which it may acquired 

I. By inoculation with blood serum containing the 

antitoxin. 

2. By passage of the protective material from the 

mother to the foetus in utero by means of the placen- 

tal circulation. 

3. By transmission of the protective material in milk 

from the mother to the nursling. 

Compared with active acquired immunity, the passive 

form is feeble in effect and short in.Lduration; arid 

although it may be sufficient while it lasts to ensure 

protection, yet it speedily passes off leaving the 

individual as open to attack as if he had never pass -' 

essed this form of immunity. 

The best known examples of passive immunity and those 

which have been most thoroughly studied belong; to the 

first class, and those relating to diptheria and tet- 

anus have attracted most attention. The serum contain1- 

ing the antitoxin is taken from an animal which has 

been rendered highly immune by repeated injections 

of bacterial toxins, and is then injected into a sus- 
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ceptible animal, which is for a time rendered immune. 

Probably the best examples of the second form are 

furnished by Smallpox and vaccinia. 

The third class has been studied experimentally and 

has been found to exist in certain animals towards 

certain diseases. 

A. Passive Immunity Artificially Acquired. 

Many experiments have been made with the object of 

obtainint; from the blood of those who have recently 

suffered from Vaccinia or Variola, an antitoxin which 

might be used for prophylactic and curative purposes 

in Smallpox, in the same way as the antidiptheritic 

and antitetanic serums are used. That such a body 

exists in the blood the whole nature and course of 

these diseases and their behaviour with regard to 

immunity would lead us to expect. 

Most of the experiments which have been performed with 

this object have been total or partial failures but in 

some a measure of success has been claimed. 

Copeman (31) obtained blood serum from a monkey which 

had been successfully inoculated with variola five 

months previously . He injected 8 c. c. of this serum 

into the j.eritoneal cavity of a second monkey and four 

teen days later vaccinated it . Only a slight'effect 

was noticed . The scarified places "took" but the 

(s') Nat. Hist. and Path.of vaccinatior_, p.I37 
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vesicles were abortive, and had apparently been modi- 

fied to some extent. 

.Sternberg (31) obtained blood serum from a superficial 

vein on the hind leg of a calf which he had vaccinat- 

ed I4 days previously. When this was injected into an 

unvaccinated chile }, it apparently had no effect on 

vaccination subsequently performed. 

He also used the blood serum of a patient recently 

convalescent from smallpox .in a similar way and with 

similar negative results. (y2) Immunity and Serum Therapy p.23I. 

Beclere Chambon and Menard (33) on the other hand found 

that the serum removed from an animal IO to 50 days 

after vaccination possesses distinct immunising proper- 

ties against vaccinia. They found that this immunising 

action is very rapid. Injected subcutaneously in suf- 

ficient amount immediately before vaccination it mod- 

ifies the subsequent developement of the vesicles and 

may prevent their maturation. The immunity conferred 

by vaccinia appears at a much later date - eleven to 

twelve days after inoculation. Contrasting this differ- 

ence in the two they infer that "this serum owes it s 

immunising properties to some soluble substance and 

not to the presence in its bulk of the microbes (as 

yet unknown) of vaccinia ". 

They also found that their serum had some effect even 

when injected 24 to 48 hours after the vaccination of 

02)Annnales de l'Institut Pasteur I896 T.X,p.T. 
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the animal,its action in this way being comparable to 

that of anti -diphtheritic serum injected in the early 
d 
days of diptheria. 

Kinyoun, Hlava and Houl (3y) have also obtained success- 

ful results but many other investigators have not been 

able to produce any modification of vaccinia by means 

of the sera they have employed. 

It would seem that in order to produce a passive acquir- 

ed immunity the serum must be injecter_L in a very larde 

dose. Hlava and Houl (34 ) . used nearly T c.c. of serum 

per Kilo of the body weight of a calf, on which they 

experimented successfully;and Beclere injected a litre 

and a half of serum into the body of a woman weighing 

78 kilogramines,who was suffering from smallpox,and in 

whom he claims to have produced a favourable modifica- 

tion of the disease. 

Probably most of the failures in the experiments,which 

have been done, are due not to absence of antitoxin in 

the serum used, but to the employment of the serum in 

too small a quantity. It is not likely that any further 

advance will be made in the discovery of a more power- 

ful antitoxic serum, until we are able to produce a 

higher dégree.of immunity in susceptible animals. 

This can only be done when we are able to isolate 

thevspecific organism of variola and to cultivate it 

outside the body. 

(5ti )° e- . Berl. Kim . Ioch. Aug.26, I895. 
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B. Passive Immunity acquired by Transmission from 

Mother to Child. 

It has long been observed by those engaged in the practice 

of medicine, that where certain infectious diseases 

viz. scarlet fever, measles, whooping- cough,and diph- 

theria are epidemic amongst children, those infants 

which have only recently been born almost invariably 

escape infection. It would seem that during the first 

few months of life, when it is least fitted to endure 

attack by these diseases, the child has been endowed 

with a power of resistence, which it loses at a later 

period, when its growing strength renders it better 

fitted for the encounter. 

Until recent years little attention appears to have 

been given to this very interesting phenomenon, 

although one or two observers suggested that the protect- 

ion might be derived through the mother's milk, and 

they thought that infants,who had been artificially 

fed appeared to be more liable to attack from these dis- 

eases than those who had been reared on breast milk 

only. 

The bearing which it hason the general subjects of 

Heredity and Immunity has recently led to further 

investigation of this phenomenon;and several series 

of experiments have been perfornedfor the purpose of 

styd #ing in animals the nature duration and mode of 

transmission of this form of immunity. 
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I. In Animals. 

Several investigators amongst whom are Ehrlich 

Ketscher,Tizzoniand Cattani, have succeeded in demon - 

strating in animals the passage of immunity from 

mother to offspring. 

Ehrlich experimented on mice and found, that the young 

of mothers who had been rendered immune by injection 

of the vegetable toxalhumins, abrin and ricin, became 

themselves immune by ingestion of the mother's milk. 

He also found that a similar immunity could be acquired 

from Tetanus and experimented as follows: - The blood 

serum of a horse immune to Tetanus was injected into 

a mother mouse, when the young were I7 days old, and 

this was injected on two successive days. Twenty -four 

hours after the second injection, one of the young was 

inoculated with tetanus, and others at 46 and 72 hours. 

These remained healthy although a control animal died 

in 26 hours. 

k 
Ketscher(36-)inoculated goats with cillera cultures 

and rendered them immune. The milk of these goats was 

injected into the peritoneal cavity of rabbits, and 

when these were afterwards injected with lethal doses 

of a vir,tl6nt cholera culture, they were found to be 

immune. 

Tizzoni and eattani(36) have reported that the young 

of immune parents have a certain degree of inherited 

immunity, but that this is apt to pass off two-or 

three months after birth. 
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The method of transmission of Passive Immrunity appears 

to vary in different animals, and in different diseases. 

In some the placental route seems to predominat9 and 

in others the lacteal. 

Vaillard (37) found that in a guinea-pig and in rabbits 

no appreciable amount of i1Tununity to tetanus is acquired 

by suckling. 

Wernicke states that in guineapigs the irnniunity to 

diphtheria acquired by means of the milk is very slight, 

and is much less pronounced than for instance the 

suckling immunity of mice towards tetanus. (3R) 

In rabbits, guineapigs,and mice immunity is conferred 

towards tetanus and diphtheria by means of the placent- 

al blood. 

It appears to be generally conceded that this fora 

of inherited immunity is not due to any property trans- 

mitted through the original germ cell, but is due 

to subsequent reception of the protective material 

from the mother. That the immunity which is transferred 

to the child has a maternal origin, is shDw ?z b:r the 

fact that the progeny of an immune father(immunised 1:r 

toxin),and a normal mother are susceptil.le;whereas in 

the case of an immune riotEer and a normal father the 

immunigy is transmitted. (39 ) 

(15)De l'immunite contre le cholera confere par le lait. 
Soc. de Biol. I892, No.32. 

( 3s )Sternber{'s bacteriology p.266. 

( 3y )Brit. Med. Journal I90I, I. p.I070 
(3$ ) Ibid. 
(3q) Hewlett, Manual of Bacteriology. 



75 

IT. Transmission of Impunity in Vaccinia from 

bother to Child. 

There is no disease either of man or animals, in which 

a more definate proofor a more simple can be obtained 

of the transmission of Acquired Immunity from mother 

to child, than in vacciria: for the almost universal 

susceptibility of unvaccinated children in ordinary 

circumstances makes it easy to ascertain their con - 

dition as regards Immunity, by means of inoculation of 

the virus. 

It is surprising therefore,that so little work has 

been done on the ,subject, for it is not only of import 

ance as it concerns immunity, but it has also an inter 

eat from its bearing on the .subject of Heredity, and 

the transmission of acquired characteristics. It is 

also of practical importance, for with the exception 

of the rare cases of Natural Immunity, it is the only 

form of insusceptibility, which is met with in persons, 

who have neither had smallpox nor been vaccinated. 

Its chief practical importance lies in the fact that, 

as will be seen later, this immunity, like other forms 

of Passive Immunity, is of short duration, and passes 

off completely in the course of a few months. If thereH 

fore the three unsuccessful attempts at vaccination, 

which constitute "legal" insusceptibility, be performed 

during this period the child will be left completely 

unprotected, if a certificate of insusceptibility be 

granted and no further attempts are made to vaccinate 

it at a later date. 
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In view of thins it is remarkable, that the attention 

of the Royal Commissions does not seem to have been 

drawn to it, and that the subject has been so little 

studied. A few cases are recorded in the medical 

journals, but rather as curiosities than as contri- 

iutions to the study of Immunity. 

One of the few attempts at a serious study of the 

subject is that made by C.Kellock, who vaccinated 36 

women during pregnancy, and obtained the following 

esults (40);- 

In 14 children of primiparae, 9 succeeded,whose 

mothers had been vaccinated earlier than the 7th 

month of pregnancy ; but the remaining 5 failed, 

whose mothers were vaccinated later than the 7th 

month 

22 were children of multiparae, and I6 of these 

werev -insusceptible, even in,caseswhere the mothers 

had been vaccinated as early as the 5th month. 

He concluded, that the children of the multiparous 

were more easily affected than those of the primi- 

parons; and that infants resisted vaccination 

directly as the stage of pregnancy at which the 

mother was vaccinated. 

A.MaudeMcollected 12 cases,and drew from them the 

conclusion that the child was rendered insusceptible 

(40)Z'rans.of American Gynaecol. Soc.I889,vo1.YIv,p.238. 
W )Erit.Med.Jour.Dec.20,I902. 
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if the mother's vaccination occurred before the sixth 

month; that it was doubtful, if during the 6th and seventh 

months; and that after the seventh month no protection 

at all was produced. This is directly contrary to 

Kellock's statements. 

It will be seen that the cases which I have collected 

do net support either of these observers, both of whom 

I believe to have come to wrong conclusions, the sourc 

of error lyingmost probably in the fact that the time 

at which the child was vaccinated was not taken into 

account.Owing to the shortness of the duration of the 

immunity the test,to be reliable,must be applied at 

an early age; and if done later is apt to mislead, as 

will be demonstrated later. 

My attention was first drawn to this subject during t e 

smallpox epidemic of I903. An order was issued by the 

Guardians of the poor of Rotherham, that all persons 

admitted to the Workhouse were to be vaccinated or 

revaccinated, in order to prevent the spread of small- 

pox in the institution. This order was strictly carrie 

out, even in the case of pregnant women. It was soon a'ter- 

wards found that the babies born in the workhouse were 

exceedingly refractory to vaccination, although with 

children born outside and vaccinated with the same kin( 

of lymph(Nat.vacc.Est.- invariable success was obtained 

It was evident then that there was some cause affectin 
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only these children at this particular time ; and it, was 

naturally conjectured, that they must be in some way 

sharing in the protection acquired by the mothers by 

means of vaccination. Further observation showed this t4o 
1 

he the case. 

On looking up the literature of the subject it was found 

to he very scanty, but all available cases were collec - 

ad, and enquiries were made amongst Medical Officers 

of Health and Public *Vaccinators. The result was that 

including my own caseAwhich form a fair proportion,I 

was able. to obtain_ knowledge of about 50 cases,where 

mothers had been -vaccinated during or shortly before 

pregnancy, and in which the condition of the child with 

regard to its vaccinal susceptibility was recorded. 

The following is a list of these cases, with the sourc 

from which they are derived, the date of the mother's 

vaccination, and the history of attempts at the operation 

in the child. 

N.B. In the sixth column of this table the result og 

vaccination in the child is expressed by a row of 
figures; each figure represents the result of a 

separate attempt at vaccination; thus, 0002 mean 
that the child was vaccinated three times unsucc ss- 

fully, and at the fourth attempt two vesicles we e 

produced. 
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No Case Reported Date cf Mother's fact. of Child 
by vaccination Age Result 

2 A. A. 

, r. P. 

4 F.G. 

5 E.L. 

6 .1 F . . 

7 

J R.W 

9 E . I. i . 

IO G .I . 

II I:.'7. 

Dr.Crerar 8th nio . of preg- 
nancy. 

R.G.Ridc?e1l 5th " " 

VI 

n 

n 

n 

It 

n 

" 

n 

Dr.Foulton 

n 

tI 

n 

I2 X Dr.Shuter 

, 

I4 X Dr.S.Lockie. 

Dr.P:i.J. 
Wi l l i at.m s 

r, n 

Dr.F.G. 
Wallace 
Dr.Stretton 

Dr.H.v.Ra.ke 

7th mo. " 

6 days before 
confinement 

3rd to 6th no. 

3rd mo. 

3rd to 6th mo. 

3rd to 6th no. 

6th mo. 

5th mo. 

7th mo. 

Shortly before 
commencement of 
pregnancy." 

9th no. 

During pregnancy 

7th mo. 

4th mo. 

7th mo. 

6th mo. 

i.)r.A.L. 7th no. 
Griffith 
i'r . J .W. 4th ino. 

Hayward 
)r.N.C. 6th mo. 
Moxham . 

i)r.A.J.Sharpe 3rd mo. 

Tacc.OfficerEarly 

z-6 mo. 

2-2 mo. 

-mo. 

2 weeks 

I-6 no. 

-72- 2 mo. 

6s'c8 7rks . 

3108 wks. 

3rd no. 
3 times 
3rd mo. 

times 
;31 mo. 
5?tinPs 
No date 
given 
'do. 

6 mo. 

I MO. 

Notes 

000000 

0000 

0 

3 

0002 

02(small) 

02(small) 

OI 

00I ( sr.mall 

00I(small 

I wk . .hwk s 
3 mo. 

I no. & 
I year. 

rlo . 2 mo. 
& I year 

? 

00000 
0 
01 
failed 

do. 

4 typica 

0 

0 

4 

OT 

C ( srnall4 

04 

0 

3mo. 

4 mo. 

7 weeks (slight). 

4&6 Weeks 00 

imperfect result 

B.M.J.I899 P.I83 

n n 

B.Ii.J.Nov.22,I902 
Several attempts. 

failed twice. 

B.P-1.J.Nov. 22,I902 

D.M. J .3Tov. 2.8,1902 

n r 

B .M . J . I896 ,p . 544 

The only failure 
in a batch of 26 
The only failure 
in a batch of II. 
B.M. ,T. I902, Dec. 6 . 

B.M.J.Dec. 20, I902 



. Case 

27 M.G 

28 A.M.. 

29 F.W. 

30 LL.B. 

3I E.T. 

32 S.T. 

33 IT..T. 

34 A.C. 

.35 F.B. 

36 E.W. 

67 H. S. 

38 E. G. 

L.R. 

40 S.W. 

S.P. 

S.L. 

13I.rs.S 

X. 

F.M. 

E.L. 

39 

4I 

42 

44 

45 

46 

0 

Reported Date of mother's lracc.of child 
by vaccination Age Result 

Dr. Locke 

R.G.Riddel- 

II I+ 

3rd mo. of preg 
nancy. 

25 days before 
confinement. 

Ist month 

6th I 

4 days before 
confinement 

6th month 

8th " 

34 days before 
confinement, 

7 If n 

I4 

8 

37 

25 

One 

42 I n 

2 yrs.bef ore 
confinement. 

)r.Scurfiel 6th mo.of preg. 

Dr.Kaye 7th " 

" 

if 

II 

Ii 

It 

fI 

.G.Riddell One yr.before 
confinement 

Izyrs. " " 
If 

47 
A.N. 

II n 

48 S.P. " I 

49 H.A. It 

50 .W, II 

5I M.P. It If 

52 L.R. , " 

I7 days before 
confinement 

2 mo " " 

3 mo. 

2nd mo.of 7,reg. 

7th 

-5th 

II 

I .I 

I 

I*,2,6mo. 

2,4,6wks. 

2&c4wks 

2&6 wks. 

3 week 

3&6 wks. 

2,4,6 wks 0O2(sall) 

3,6,8 wks 004 
(imperfect 

2 weeks 4 (good) 

2 weeks 4 " 

2 weeks 

¿,T,3 mo. 

,I,2 mo. 

weeks 

2,3,4 wks. 

2,3,6 mo. 

004 

OOT 

00 

OI(small) 

4 (good) 

0T 

4 

003 

OO1(slight 

4 

000 

004 

I¿,2,3,4," 00004 
mo. 

in early 00 
months 

*,Iz,2,5 0004 
months. 
z,I2,2 mo.004(small) 

2,3,5,7,9 
weeks 

z,I,Iz,3 
months 
4,-, ,T2,2 
months 

-, I, 2 mo. 

00000 

0002 

0000 

000 

1,2,3 mo 000V 

I,2 mo. 002 

Notes 

Mother took 
well 

I It 

I n 

Mother tookzell 
in 3 places. 

Mother had 4 

good vesicles. 
I 

It 

Reared on the 
bottle. 

Tacc.during 
)revious preg- 
iancy ;vide 
ase I:o.5. 
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`_0 these 52 cases may be added te cases recorded by 

Kellock,already referred to. Out of 36 infan_ts,whose 

mothers were vaccinated during pregnancy,he had 2I 

failures. 

Burckhardt (42 )~vaccinated six children of women vaccinated 

during pregnan_cy,and all of them failed. 

Dr.J.Foster Palmer records(43)twelve cases of primary 

vaccination in which the vesicles were either urns tally~ 

small,or small and deficient in munber,or absent. In 

all these cases the mothers had been vaccinated during 

pregnancy. During the same period(six months)he vaccin- 

ated 300 other children,and had no other failures. 

This gives a total of I06 cases. In no fewer than 

82 of these the children proved to be possessed of 

immunity towards vaccination during the early months off' 

life. 

Of the 24 cases,which were susceptible to vaccination, 

7 are known to have been born of mothers vaccinated in 

the last fortnight of pregnancy(vide p.88). Oases No.I4 

and 24,and probably some of Kellock's cases,were vacci 

ated at so late a period,that it is quite possible,tha 

they may have been possessed of immunity during the fi s 

three months of life,though this was not apparent at 

the time of vaccination. 

(4a) Albutt's System of Medicine, vol.II.p.572. 
( 43 ) Brit. Med. Journal, Dec. 6, I902. 
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Proof of the existence of Transmitted Immunity. 

In Section II,on Natural Immunity,it is shown that 

insusceptibility to vaccination is exceedingly rare. 

This is the case even with very young children. In 

Workhouses it is the custom to vaccinate. infants at 

the age of two or three weeks,for it is found that the 

mother ,having come in for the purpose of being con - 

fined,takes her departure at the end of a month,when 

she is able for work again. It is often difficult to 

trace her movements after she leaves the Institution, 

so that if the infant is not vaccinated before she 

takes it out , the chances are that it will not be 

vaccinated at all. The vaccination registers of these 

instit-ttions show that vaccination very selaoin fails 

even at this early age, 

In the case of the Rotherham Workhousethe register (forI:aOO -I) 

shows that 51 Primary vaccinations were performed in 

;,young children,most of whom were under one month old. 

Of these 44 were successfully vaccinated at the first 

ttempt;and all who failed at the first succeeded at 

the second attempt,exceptf.our,two of which departed 

before an opportunity was obtained of inspecting the 

result of the second vaccination.Two cases were cert- 

ified as insusceptible, and it would be interesting 

to know the history of vaccination in the mother in 

these. 

During I9o2 -03 began the series of insusceptible cases 
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an occurrence so unuaual as at once to attract attention 

and lead to investigation. Twenty four cases proved 

failures at the first attempt out of a total of thirty 

six children vaccinatedduring these two years. Most of 

these failures were also repeated at the second attempt 

and in many a third fourth or fifth attempt required 

to be made before any positive result could be obtained 

Fven then the vesicles were often imperfect and the 

result unsatisfactory. 

In each of the 24 failures there was a history of vacc- 

ination performed in the mother during pregnancyüf the 

remaining 12 there were six children who were born out- 

side and who were admitted to the workhouse shortly 

afterwards. Their mothers had not been vaccinated during 

pregnancy and the children all took weil at the first 

attempt.These acted as an excellent control to the 

others,for all were done in the sanie way,and with the 

same strain of lymph (National Vaccine Establishmant) . 

The remaining six children were those whose mothers had 

been vaccinated in the last fortnight of pregnancy,and 

these form an exception that is dealt with later. 

From the above facts no other conclusion can be drawn 

than that the failure of vaccination in the cases re- 

ferrdd to was due to an immunity derived from the mother 

after being acquired by her during her 1i-r.gnancy. 

When this was regognised it could safely be predicted 

at the time of vaccination which child would take and which 
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would fail; and this was frequently done to the 

ystification of those not in the secret. 

The duration of this Immunity. 

In most of the cases collected the Immunity of the 

child was of short duration, and was found to be passing 

off at a variable period beginning in earliest casi 

at six weeks, but more usually at about three or four 

months. If a reaction was obtained before three months 

it was usually imperfect, the vesicles were small. and 

similar to those formed in a revaccination performed 

while the protection lasting from a former vaccination 

is only beginning to pass off(vide Section III, Vacc. 

after Vacc.) In several cases insusceptibility was fou d 

to persist for over six mont }s,and in a few for as loci 

as a year. 

It does not appear from these cases, that the duration 

of the inherited immunity in the child is affected by 

the period at which the mother is vaccinated. Thus:. 

No.34, vaccinated 34 days before confinement gave a 

slight reaction in the child at eight weeks, and Nos. 

6 and 25,vaccinated in the third month, and No.46 iracc- 

mated one and a half years before confinement gave a 

similar result at the same period. 
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The Nature of the Transmitted Immunity. 

If the child were itself infected with the infective 

agent of vaccinia,and itself passed through the affect- 

ion in utero during the mother's attack,it would 

necessarily be born possessing Active Acquired Immunity. 

If on the other hand it merely received the antitoxin 

and protective materials from the inother,it would have 

}P.$sive Acquired Immunity. 

That the latter form is that which exists in the new- 

born child under these conditions may be gathered from 

the following reasons: - 

I. The duration of the immunity is short and soon 

disappears completely,as is the character of Passive 

Acquired Immunity. If the Immunity were active it 

would probably last as long as that acquired by vaccin- 

ation after birth,that is to say, years instead of 

months. 

' 2. Vaccination of the mother shortly before pregnancy 

com1iences gives the child this immunity. In this case 

there can be no question of the foetus undergoing 

an attack of Vaccinia. 

3. When vaccination is performed in the 1 ast two 

weeks of pregnancy the child is susceptible,althnnugh 

it would have the opportunity of becoming infected, 

if such a passage of infection took place. 
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The Manner in which the Immunity is transmitted. 

There are three possible methods. 

I.Passage of the infective agent from mother to 

child. 

2.Transference of the protective material from the 

mother's blood to that of the child,by means of the 

Placental circulation. 

3.Trarisfererice of this material through the milk 

from mother to child after birth. 

We have seen that the immunity is passive,and therefor 

the first method need not be considered,althou.gh there 

is a very rare possibility of its happening in cases o 

generalised vaccinia. 

Experiments on animals mentioned previously have shown 

that immunity in some cases is transferred L,. the 

Ilacental route and in others by the lacteal. 

In this case the transference seems to be by the place t- 

al circulation, and the following reasons support this 

conclusion. 

I.The immunity is as a rule of shorter duration 

than the period of lactation,and disappears considerably 

before the time of weaning. 

?.Although I have only observed one case of the ki d 

it goes to prove,tbbat a child reared from birth on the 

bottle posseses immunity- in the same way as others 

reared on the breast (Case No.39). 

3When the mother is vaccinated during the last 

fortni --ht of :re nancv t 
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This would not be the case,if the immunity were trans- 
a 

ferred by the milk. 

4.In order to throw further light on this subject 

I vaccinated a mother IO days after her confinement, 

and the child a month later. The vaccinations took in 

both in a typical way,showing that there was no trans- 

ference of immunity by the milk. 
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The Cases vaccinated at the latter End of Pregnancy. 

No. of Vacc. of 
C4se mother 

Date of 
confinement 

4 14;7;03 20;7;03 

I4 $th mo. 

28 28;I0;03 T2;y,I;03 

31 23;2;04 28;2;04 

34 5;4;04 9;5;04 

35 3;5;04 T0;5;04 

36 25;5;04 8;6;04 

37 I;C);04 9;6;04 

40 18;7;04 79;7;04 

47 I1;I2;04 28;22;04 

Interval vaccination 
in days Age Result 

6 2 wks 3 

6 mo. 4 

25 2,4,6wks. 001 

5 3wks 4 

34 3 ,6,8wks. 004 

7 2wks 4 

14 2wks. 4 

8 2wks. 4 

i 2wks 4 

I7 2-2 mo. 0000 

It will be seen from this table,that seven of the 

children proved susceptible on the first attempt at 

vaccination,and each of them gave a typical result. 

In six of these cases vaccination was performed in the 

mother during the last fortnight of pregnancy. The 

date in the 9th month on which No.I4 was vaccinated is 

not recorded by Dr.S.Lockie,hut as the child was not 

vaccinated till the sixth monththe successful result 

obtained may have been due to lapse of inherited immunity 

so that the case is not of much value. 

The other cases,where vaccination was performed earli 

than the last fortnight,gav4nsuccessful results in th 

children. 
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This very striking contrast in the results obtained 

in cases vaccinated during the last fortnight,and 

those at an earlier.date may be explained in this way. 

The full amount of immunity in an individual is not 

attained till at least ten days after vaccination. (vid 

SectionIII,vacc.in early Smallpox)(also Experiments of 

Beclere &c..sect.Iv,Transmitted immunity in animals).Q T') 

A few days more may be allowed for the diffusion of th 

protective materials from the mother's blood,through 

the placenta to that of the foetus; so that the latter 

only receives its full immunity about a fortnight. 

after the operation on the mother. 

If then the child is born before receiving its full 

complement of immunity, it will be susceptible to vacci 

ation in a greater or less degree according to the 

amount of protective material it has received. In all 

such cases however it will show at least some reaction' 

to the vaccine virus. 

It is interesting to compare this condition with that o 

be subsequently considered,where a child born during an 

attack of smallpox in the mother is susceptible to 

smallpox and vaccinia,because it has not had time to 

receive sufficient protection; but when horn at a later 

period during convalescence is found to be immune. 

I can discover no previous record of this class of 

cases. 
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Conditions __influencing the Transmission of the Immunity. 

Mention has been made of the conclusions formed by 

Kellock from the study of 36 cases. He was of opinion 

that infants resisted vaccination directly as the stags 

of pregnancy at which the mother was vaccinated,that 

is to say, the later it was performed the more highly 

immune the child would be. 

Maude on the other hand thought that it was only when 

vaccination ,vas performed before the sixth month, 

that insusceptibility was produced, and that after the 

seventh month no protection was transmitted. 

I am unable to find any evidence in the cases I have 

collected to sùpport either of these views.The follow- 

ing is a table showing the stages of pregnancy at 

which vaccination was performed,with the result in the 

Stage of 
regnancy 

I year Before 

2 yrs 

First 

Second 

third 

Fourth 

Fifth 

Sixth 

Sevent 

Eighth 

Ninth 

before 

month 

month 

month 

month 

month 

month 

Result of Vaccination in the 
Child 

004 ; 0004 ; 004 ; 

000 ; 00 

00 

000 

02 ; I.; 004 ; 

0002 ; 002 ; OI ; 00I ; 004 ; 0 

0000 ; .00I ; 002 

00I ; 4; OI ; 01 ; 00004 ; 0000 

month 0 ; 00000 ; 4 ; 04 ; 00 ; 00 ; 

0002 ; 0003 . 

month 00000)0 ; 002 ; 004 ; 003 ; 000 

First week 00I ; 00I 
month 2nd week 00000 

3rd week 4 ; 4 

4th week 3 ; 4 ; 4 ; 4 . 

child. 

successful Failed 
6,4 

0 

0 

0 

c:) 

T 

0 

U 

T 

I 

0 
O 

0 
2 
4 

3 

I 

1 

E. 

7 

5 

T 

I 
0 
0 



It may be seen from the preceding table, that cases 

were vaccinated in each month of pregnancy; and that a 

similar difficulty was encountered in vaccinating the 

children, whether the mothers were vaccinated late or 

early. There was this exception, however, that childre 

born of mothers vaccinated during the last fortnight 

of pregnancy were susceptible. 

T have not sufficient data to enable an opinion to 

be formed, as to the length of time before pregnancy 

commences at which a mother may be vaccinated, so as 

to produce immunity in the child. 

The cases where the mother was vaccinated before preg- 

nancy are Nos.12,I3,42,45,and 46, and the dates are 

given as "shortly before the commencement of pregnancy, 

and 2 years,one year,and Iz years before confinement 

respectively. Two years is the longest period of which 

I have a record, and in this case the child was 

inoculated three times, and only reacted when it was 

six months old. 

It is reasonable to suppose, that so long as the 

mother is fully and completely immune, so long will 

she be able to transmit immunity to the child. We have 

seen that, when the mother is not fully immunised, as 

in the cases where vaccination was done in the last t 

weeks of pregnancy, the child is susceptible. It is 

probable therefore, that as soon as any diminution of 

immunity from the full amount occurrs, the property of 
it ww-4.,.,.1.= 



Transmission of Immunity to Smallpox 

from Mother to Child. 

In considering the state of immunity in a child,which 

is born of a mother suffering or having recently suffer - 

d from smallpox,allowance has to be made for a differe t 

et of conditions from those prevailing in vaccinia. 

n vaccinia there i s a localised lesion,to which it'is 

')robable the infective agents are confined,and except 

The rare cases of generalised vaccinia,it is not probable 

that there is any general infection of the system. In 

;his respect it would seem that vaccinia resembles diphF 

theria,where the causative micro -organisms are confined 

o one locality,while the toxins which they manufacture 

re distributed throughout the system. In the case of 

accin4a therefore the foetus in utero is not infected 

y micro -organisms and does not suffer from the disease? 

n_ which case an active acquired immunity would be pro - 

uced ; but it merely receives the antitoxins formed in 

he blood of the mother in response to the toxins deriv- 

d from the local lesion. In smallpox on the other hand 

here would appear to be a generalised infectiofl, by mic o- 

rganisms, the result being that the foetus is sometime 

nfected in utero,and suffers from the disease,either 

1 

efore it is born or a few days after its birth: 

f it survives it possesses Active Acquired Immunity. 

t sometimes happens,though much less frequently,that tie 

nfant escapes infection in utero, andit then receives 

ntitoxin from the mother, and is born possessing Passive 

immunity. 
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The literature of this subject is exceedingly scanty, 

and I have only been able to find a very small number f 

cases, where a record has been made of the child's 

condition with regard to vaccination. From ny own obserp- 

ation,and as the result of enquiries amongst Medical 

Officers of Health and others, I have been able to add 

a few cases to this number. 

One of the few references to the subject is the follow` - 

ing by Dr.J.M.M'Combie(0 ) - "It is exceptional to find 

that the children born of variolous mothers even durin 

convalescence have had smallpox in utero,or that they 

syffering from it at the time of birth. There is some 

reason to believe indeed,that they are more or less p 

tested against smallpox by the mother's attack. Of hal 

a dozen infants born of variolous mothers, which have 

come under my observatior_,only one had smallpox at the 

time of birth; but infants have been born at full time 

vho had evidently passed through an attack of smallpox 

i4 utero. Cases have been recorded of infants showing t 

eruption of smallpox well developed at birth,the rrothers 

iot having had smallpox; and in one such case the mothe 

is said to have contracted smallpox from the infant." 

re 

Clifford Albutt's System of Medicine, 'Tol. TJ p.206 
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Taking such data as 1 have been able to collect,the 

following seems to be what occurs ;- 

I. The commonest occurrence seems to be for the 

mother to miscarry during the height of the fever, 

and for the foetus to be born dead. 

2. The child may during the height of the fever be 

born alive. If vaccinated immediately after birth 

the vaccination takes more or less perfectly,but 

the child developes smallpox, which may be fatal, 

or which the vaccination may be in time to modify. 

3. The mother may not miscarry during the fever,but 

may go on to full time, and bear a living child; 

and in this case the child appears to be as a 

rule insussceptible to vaccination, and to sm.allp 
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CLASS I. The mother miscarries_ during the period 

of fever and gives birth to a dead foetus. 

This is a common termination of pregnancy in all 

fevers, and has no partic:ilar bearing on the subject 

under consideration. I have therefore not collected 

cases belonging to this class. 

CLASS TI. The child is born alive during the attack, 

and is at once vaccinated, but takes smallpox. 

Case I. 

Reported by Dr. Thos. Percival(B.M.J.I904 II 

I086). The mother was confined on Feb.6th 1904. 

Developed smallpox rash two days later. 

Child vaccinated(no date); developed smallpox Feb.I6, 

and died. 

Note. Probably the child watt infected in utero about 

two days before birth. vaccination was not done early 

enough to modify the smallpox. 

Case II. 

Communicated to me by Dr. Scurfield, 

Sheffield. Mother confined 4 days after rash developed 

Child vaccinated immediately after birth. 

child developed smallpox rash on 4th day after birth. 

Note. Child probably infected in utero about 8 days 

1,e-Pore birth. 

Case 3. 
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Case_3. Reported by Dr. Holmes, in B.I.J. I904,TI p.1620 

Mother discovered to be suffering from smallpox at 

her confinement. 

Child vaccinated one day after birth- took well. 

Child developed smallpox on the ßth day -confluent 

rash -die6. 

Case 4. 

Communicated to me by Dr. Thyne, Hi h Barnet. 

Mother confined the day after rash appeared. 

Child vaccinated successfully. 

Developed smallpox7th day and died. 

Case 5. 

Communicated to me by Dr. Stevenson M.0.H.Rothwell. 

Mother developed rash 7 days before confinement. 

Child vaccinated within 24 hours of birth.vacc. took. 

Smallpox rash appeared on child 4 days after birth. 

Severe discrete rash; recovered. 

Case 6. 

----Communicated to me by Dr. Neech 11.0.H. Halifax. 

Rash appeared on mother on day of confinement. 

Child vaccinated 3 days later. 

Took smallpox and died.(date of child's rash not stated) 

Case 7. 
Reported by Drs.Cowie and Forbes.B.M.J.'04 I 1485 

Mother attacked Dec.20,I902. 

Child born Dec. 24 1902 Not vaccinated in this case. 

Child developed rash Jan.3,I903,and died. 

Note.- In this case vaccination might have been in time 

to modify the smallpox attack. 
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Reported by Drs,Cowie and Forbes( ibid.) 

Mother attacked June 25,I903. 

Child born, June26, I903 

Child's rash appeared,July 3 I903 

Child was vaccinated on day of birth but died. 

Case 9. 

Reported by same observers. 

Mother attacked, April 12 1904. 

Child born, April 14 I904,and vaccinated on aprii 16. 

Rash appeared on child, April 2I 1904. 

The child recovered. 
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If ,,.,e study the cases in Class II, some important facts 

come to light, which do not seen to have been recorded 

by any observer previously. 

The number of cases is small, but nearly all so defin- 

ately alike in theirmain features, that they mar, be 

taken, I think, to be typical of the class to which 

they belong; and from a larger number it is probable 

that exactly the same conclusions might be drawn. 

In all these cases, except NO.7, an attempt was made 

to save the child by vaccinating it as soon as possible 

after birth; but in all cases (except No.I4, mentioned 

.subsequently) the operation failed to avert the smallpox 

attack, although it nay in some cases have modified the 

disease. In the example given in Section III of the 

results of vaccination in the early st.a6es of smallpox, 

we saw that it was only when performed in the very 

commencement of the incubation stage that vaccination 

was able to avert smallpox, and that the later it was 

done the less effect it had on the subsequent disease. 

In this case the same rule applies. Here the early 

stages of incubation of smallpox in the foetus take 

place in utero, and when the child is born and vaccin- 

ation can be performed the disease is already well 

advanced. 

It is of importance in this connection to discover to 

what time the foetus is actually infected with smallpox. 

It is generally held hat the incubation period of 
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smallpox is from ten to fourteen days, and that in the 

great majority of cases it may be definately 1 -,ut down 

at twelve days. Indeed there is almost no other disease 

in which the incubation period occupies such well defin- 

ed time.By reckoning back twelve days from the first 

a2pearance of the eruption we obtain with considerable 

certainty the date of infection.If we do this with 

the cases in Class II we find that each was infected 

whilst still in utero, the rash appearing after birth. 

Case I infected 2 days before 4 days before mother's 
birth rash appeared. 

" 2 n 8 r n 4 i 
r 

" 4 

" 5 

" 7 

rr 8 

r 

rr 

" 

rr 

11 

4 r " 

5 n If 

ti 9 r 115 r rr 

4 It " to 

4 " " ,rr 

T " " 'n 

2 da;,rs after rash 

4 days before rash 

3 It n 

The result is a remarkable one. In six cases out of 

eight the child was infected three or four days before the 

discovery of the mother's rash, or just about the 

commencement of the invasion period. This date is so 

definately alike in all except two(in which the differ - 

ence may be due to a variation in the incubation period) 

that even in so small a number of cases it cannot be 

regarded as merely a coincidence. 
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Here then is a fact of considerable interest and import- 

ance, for it shows that during the incubation period 

there is no infection of the child,and that the infect- 

ive agent is not free in the mother's blood during that 

time, otherwise the child being exceedingly susceptible 

would become infected almost immediately after the 

mother , and the incubation periods of both would run 

coincidently, the eruption appearing on both at pract- 

ically the sane time. 

This seems to support the theory, that during the 

incubation period the infective micro- organisms remain 

localised, probably in the respiratory tract, until by 

means of their toxins they break down the resistance of 

the person attacked, and are then enabled to enter the 

blood stream. 
wil:,t 

It is evident however that these toxins enter the blood 

stream of the mother, they do not pass to that of the 

child, for in that case the latter would undergo a sinilar 

preparatory stage to that of the mother, and invasion 

would be able to occur in both at the same time. This 

however is not the case for the child has. a.n incur anon 

period of its own,commencing at the end of that stage 

in the mother, when the infective organisms huvè reached 

it from the mother's blood. 

The placenta appears to be able to exercise its select- 

ive power to exclude the smallpox toxin, but is unable 

to prevent the entrance of the infective agent itaelf, 
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when that becomes generalised in the mother's blood. 

It is evident also that it does not exclude antitoxin 

otherwise there would he no cases of Passive Immunity. 
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CLASS III. The child survives the attack, and is 

born at the full time.It possesses a temporary passive 

immunity to vaccinia and Variola. 

Case IO. 
Communicated to me by Dr. Stevenson, M.O.H. 

Hothwell. 

Kash appeared on the mother six weeks before confine - 

nient,which occurred at the full time. 

Child did not take smallpox. 

It was also immune for a time to vaccinia, for it aras 

only at the third attempt that the vaccination took 

and then only two out of the four insertions were 

successful. 

Full particulars were sent to the Local Government 

Board at the titre, and for the third vaccination 

"specially prepared lyrnplll was sent.: The fault was 

probably not due to any imperfection in the lyrnpn. 

a.se II. 
Reported by Dr. J.M'Combie(9s-) 

Child born_ in a smallpox hospital during the convalesc- 

ence of the mother at the full time,the attack having 

been one of discrete smallpox. 

There were no marks of smallpox on the child. 

It was insusceptible to smallpox during a month's 

residence in hospital. 

It was also insusceptible to vaccination. 

()Clifford Alr.utt.'s system of Medicine,vol. TI p.I85 
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Case I2. 

A case which came under my own observation 

during the smallpox outbreak in I903. 

Mrs. Mcv. was removed to the isolation hospital suffer- 

ing from an attack of modified discrete smallpox. 

She was then about six months pregnant, but carried 

the child till the full tern. 

The first attempt at vaccination of the child failed, 

when it was about a fortnight old; but a second attempt 

at the age of two and a half months was successful. 

Case I3. 
Reported by Drs. Cowie und Forbes(46) 

The smallpox attack occurred in the seventh month of 

pregnancy. 

Two months later the child was born. 

It is stated that it was "successfully vaccinated ", 

But the date of the vaccination was not given: It is poss 

ible that it was after the lapse of the temporary 

immunity. 

In the following case the child was born during the 

attack but was protected from smallpox by immediate 

vaccination. Reported to me by Dr.Burman,M.O.H. !lath. 

Case I4. ( an exception to Class TT.) 

The rash appeared on the mother 4 days before 

confinement. Child vaccinated immediately after birth. 

This was successful, and no .smallpox eruption appeared. 

(ro )Brit.Med. Jour. 190'4, II, p.1086. 



I04 

In the transactions of the Epidemiological Society 

for I885 -6, vol.V,p.I66, three casés are recorded, 

where vaccination failed in infants, whose mothers had 

developed smallpox more tian sixteen days before confi e- 

ment; while three other children, 'those mothers first 

showed signs of the disease within eight days of the 

onset of labour, were successfully vaccinated. 

These cases correspond exactly to those, which I 

have divided into Classes TT and ITT. 

The number of cases of Class TIT, which are here re- 

corded, is too small to enable any very reliable con 

elusions to be based upon it. It would seem however 

that Immunity is transferred,when a sufficient interva 

elapses between the mother's attack and the birth of 

the child to enable the latter to receive á full "dose" 

of protective material from the mother. 

The Immunity transferred to the child is similar in 

every way to that following vaccination of_:the pregnan 

mother. Its short duration shows it to be Passive; but 

the conditions are such that it would be possible for 

an Active Immunity to be produced. Cases have been 

recorded where the child has evidently suffered from 

smallpox in utero and has been born lock -- marked, but 

I have not been able to obtain a complete record of an 

such case. 

r 



IQ 

Transmitted Immunity in ran, - in other Diseases. 

Although no other diseaser offer the same facilities 

for the study of this form of Immunity as do smallpox 

and vaccinia, yet it may to some extent be studied 

in those diseases,where the blood serum gives an 

agglutinative reaction after an attack. A small number 

of observations have been made in cases of Typhoid 

fever occurring during pregnancy; but I am not aware 

of any which have been made in human beings in other 

diseases which give an agglutinative serum reaction. 

In some of the other infectious diseases an idea 

may be obtained of the extent to which young infants 

are immune to attack from the statistics of age in- 

cidence ; andthose most readily obtainable are the 

statistics of infectious diseases which are compulsarily 

notifiable. It has already been pointed ou; ho-:!ever, 

that such statistics are apt to lead to fallacious 

conclusions, unless we take into account the fact that 

new born children are much less exposed to infection 

than those of school age. There is also the difficulty 

of obtaining any definate history of attack in the 

mother. Information of value can only be obtained by 

a long and patient series of observations and enquiries 

amongst families in which infectious disease has occurr 

ed, and where there is a young infant which has been 

exposed to infection. 
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n Typhoid Fever. Evidence of Inherited Immunity 

as shown by the agglutination test applied to the blood 

f the foetus,has been obtained in a few instances. 

n about an equal number of cases the reaction has been 

egative;and the total number of cases has been so seal_ 

that no Creat value can be attached to the conclusions 

rawn from them. 

case reported by Talamon and Castaigne(47) shows that 

n some cases the agglutinin passes with the milk.The 

ilk of a mother,who had typhoid 4 months agter delivery 

ave a positive reaction,as also did the blood of her 

hild. When the child was weaned this reaction disappea- 

d,but reappeared when breast feeding was resumed. 

n a second case there was a positive reaction in the 

ilk but the child's blood was negative. They explain 

his difference by stating that the agglutinin is not 

bsorbed by a mucous surface unless a lesion is present . 

he first child suffered from enteritis. 

hree cases recorded by Kasel(47),where typhoid had 

ccurred before pregnancy(some years) gave negative reett 

ults in the children. This might be expected,f'or the 

mmunity following Typhoid appears very soon to dimin- 

sh . 

ost of the recorded investigations into this subject 

nave been collected in an article by Dr.Chas.Bolton in 

he Journal of Pathology (4r) . He mentions °'ive cases 

41) JourLa1 of Pathology 

vol. VII, p.I3 ?. 
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in which the mothers had typhoid fever dúriñg pregnanc 

and the blood of the children gave a positive. reaction 

In one of these cases(his ownj the organs of the child 

were iIifected with typhoid bacilli, while two other 

cases which he examined were free from bacilli, and d 

not give the reaction. He records six other cases, where 

the reaction was negative, and concludes that until a 

positive reaction is obtained in a child, whose organs 

are free from bacilli, it cannot be proved that agglut'nin 

passes by means of the placenta. He thinks however tha 

it has been proved to pass by the milk. 


