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PART II 

n. IMMUNIZATION 

THE "approach to the problem of the control of influenza has throughout 
been pursued' along n;\'o parallel lines; , The first of these as detailed in Part 
I of this series has been the pursuit of methods of control of , ail'borne infection, 
and represents an ideal approach to th~ prevention of spread riot only of 
influenza but of many' other diseases of the, respiratory tract, The second, 

. namely the' development by ,artificial immunization of an enhanced resistanc~~ 
to infection on the part of the individual, suffers from at least' one major dis-
advantage. The limitation of all methods of immunization which 'depend 
upon the stimulation of the antibody defence mechanism of the host is that 
they ,are therefore highly specific. This is the rock upon which immunization 
against influenza has alre:;tdy well-nigh foundered, bout the relative .weakness \ 
of all other adihible methods of proPllylaxis is such that even the drawback 
of specificity does not rule out immuniz.ation as a possible measure. . " 

THli: BASIS OF' IMMUNIZATION AGAINST INFLUENZA' 

Virus vaccines were s~ught for at a ,very early stage of, the experimental 
work on, influenza virus, and ye~ critic~l observers might even then have 
pointed out -certain fundamental difficulties. For up' to date, immunization 
has achieved its greatest success in infections which lead to a permanent 
immunity and influenza ,is a classicltl example of a disease in which recovery , 

. from natural infection produces only temporary respite. The evid~nce now 
III existence (Pickles et al., 1947; Sigel et al., 1950) suggests, . however, that 
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308 Perspectives in the Control of Epidemic Influenza" , 

naturalirrfection by influenza of a human: herd is resisted for from two to four 
years after an outbreak so that there is at any rate a phenomenon of temporary 
resistance. The second objection, bound /up perha~ with this temporary 
immunity, is our inability to define the basis of natural immunity or suscepti
bility to "influenza. Antib<;>dies, whose measurement afIordsa relative indica
tion of the humoral changes which 'accompany infection, were at first regarded. 
as the sole basis of immunity. It is still true that antibodies either in the 
individual, or, in the population as a whole,' undergo repeated cyclical changes 
in titre and are present in greate~tamount during convalescence from infection. 
It is true also that the majority of those individuals who fall ill during an 
outbreak of influenza is drawn from the ranks of those possessed of the lowest 
levels of antibodies prior to infection. But, it is also true that instances' are 
known where infection has occurred in spite of the' existence of an antibody 
level seemingly of the same order as that encountered in convalescence. ·As 
a converse also, individuals ,with low .antibody levels may pass through an 
outbreak of influenza without falling victim to the disease; Although there
fore the general par:,tllelism of ant~body ,content and resistance to inf~ction 
cannot be doubted, there is no simple equation between the two .. For this 
reason, the existence of other barriers to infection, such as the nasal and often '1 -. I 

respiratory tract defence mechanisms, has been regarded as more than probable. 
The recent work upon themucoids of the respiratory tract by Burnet and 
co-wor1~ers (Burn et, 1948) has indeed afforded' a possible mechaI1ism whereby 
the respiratory tract may inactivate particles of virus which gain access to. it 
and thereby stifle infection. As yet. however, such defences remain untested 
and are not susceptible to measurement, unlike the titre of antibodies in' the 
serum itself." The third objection to immunization as a method of control 
of influenza is .bound up with pr.actical application in the field and can best 
be considered later. 

EXPERIMENTAL IMMUNIZATION OF ANIMALS 

FerreJs and mice have been chiefly used in the study of immunization in 
animals. Mice, in which the influenza viruses induce pneumonia, are relatively 
,easy to protect 'by inoculation either with living or inactivated virus by routes 
other than the intranasal one. Ferrets, on the other hand, in which the infec
tion by human strains of virus is a nasal one, are rela:tively difficult to protect. 
Indeed, ferrets which have never been infected at all ~annot be protected from 
nasal lesions by inoculation parenterally either by inactivated or living' virus. 
Ferrets which have had one attack of influenza, but which have, through pass
age of time, suffered a waning of immunity can be restored toa level of solid 
immunity by parenteral inoculation with virus vaccines. In view of the uni
versal exposure to infection by virus, at any rate in the case ot aduhs, the 
human problem may be analogous to that of the ferret with waned immunity. , 

Although experiments on ~an have continued the study.of the fundamental 
basis of immunization begun in animals, the latter still afford an essential tool 
in the hands of those engaged in testing vaccines. This is because mice can 
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C. H. Stuart-Harris 309 

be used asa' test-group in which the potency of a vaccine can be measured by 
subsequent challenge of immunity by trial inoculation with living virus. Simi" 
larly,. the development. of antibodies in the sera from a group of vaccinated 
animals affords a further basis for measurement of the antigenicity of the 
vaccine., Ferrets, mice or rabbits can be utilized in such experiments and the 
antibody content of the sera can be accurately titrated either by further animal 
inoculation with serum-virus mixtures (neutralization. test) or by in vitro 
methods such as the agglutination-inhibition test of Hirst (Hirst, 1942). 

Moreover, work ,on .animals long ago stressed the quantitative relationship 
bet~eenthe :amount of antigen incorporated in the vaccine and the, degree of 

. the resultant immunity (Francis, 1939) .. The significance. of antigenic differ
ences between the various strains' of the influenza viruses also became apparent 
from work on animals and the existence of several serological races of. the 
influenza viruses (Magill an4 Francis, 1938; Smith and Andrewes, 1938) is of 
major importance. In addition to minor differences between individual strains, 
there are now at least three major antigenic groups of influenza virus A whieh 
are recognized as distinct, as well as the swine il)fluenza virus which has a 
group affinity to the human viruses .. Minor antigenic differences have also 
been' recognized among, ~he influenza' B group of viruses. Infection by one of 
the various influenza A group of. viruses may produce a demonstrable cross
immunity against other groups but immunization, particularly with inactivated 
virus by the subcutaneous route, is much more strain-specific in its protective 
a:ction. . 

THE DEVELOPMENT OF CONCENTRATED INF~UENZA VIRUS VACCINES 

So long as the materials available for immunization were prepared from' 
animal lungs, the possible vaccines were not only grossly impure but also weak 
in virus content. It was not, therefore, until a method of cultivation became 
available which. yielded virus in a relatively cell-free medium from which it 
could be further concentrated, that potent vaccine became available for' human 
use. The method of cultivation was that of growth in the allantoic sac of fertile 
chick embryos and Francis and8alk (1942), taking advantage of Hirst's observa
tion that virus could be absorbed on to and eluted from fowl red cells, devised 
a simple method of purification and concentration of virus from such infected 
allantoic fluids. The resultant vaccine concentrated approximately tenfold 

, from the original culture and inactivated by treatment with weak Iormalin is 
still the basis of. commercial production. ' 

Stimley (1945) showed that virus could also be concentrated from allantoic 
fluid by differential centrifugation but there dpes not appear 1:0 be any sub
stantial advantage from the use of such a technique compared with red ,cell 
concentration. Purification has also been obtained by precipitation with chemi
cals such as calcium phosphate (Salk, 1945) or alum and the resultant complex 
of virus and insoluble precipitate appears to release virus antige~ more slowly 
than do' other vaccines when introduced into the tissues. The 'advantage of 
such a depot of vaccine is that clinical reaction of a 'general c~aracter is dimin-
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310 Perspectives in the Control of Epidemic Influenza 

ished and the antibody response to the antigen may be somewhat prolonged. 
Whatever may be the relative merits of the various vaccines, the· red cell 
eluate vaccine is the only' one which has been subjected to, extensive field trial~ 
and about which therefore any considerabl~ amount of information has accrued. 
The major disadvantage of such a vaccine and indeed of, all concentrated vac
cines is expense. It takes one egg to produce a single dose of eluate-concentrated 
virus vaccine for subcutaneous immunization and this fact, alone has severely 
curtailed the development and manufacture of influenz'a vaccine in Great 
Britain in the past ten years. 

IMMUNIZATION IN ,MAN 

Three methods have been used in studying the effect of influenza VIruS 
vaccines in man. These are, studies of the' antibody response to the vaccine 
and of the factors which determine the degree land character of the response, 
'e?q>erimental challenge of immunized volunteers by exposure to infection by 
,inhalation, and field experiments during actual epidemics of influenza. A great 
deal of information is now available concerning the antibody response. to sub
cutaneous immunization. It appears that forma,lin-inactivated virus is as potent 
an antigen ,as living virus by this route, that individuaJs vary in their response, 
to injection' of the same dose of vaccine, and that those individuals yvith pre
existing low levels of antibody and who include (he most susceptible elements 
of the population develop increases in antibody content following im~unization 
which are at least:as good as those seen in natural infection. Individuals already 

, possessing high levels ,of, antibody may, however, show little response. The 
response to one dose of virus antigen is apparently maximal and repeated doses 

, have no further effect in enhancing the antibody level already produced. The 
antibody response is chiefly dependent upon the amount of antigen contained 
i~ the vaccine, thus rendering a potent vaccine a sine qua non of immunization. 
Finally, the antibody response is highly specifi~ in man as in animals. Vaccines 
made from' the PRS group of influenza virus A which w,as chiefly responsible 
for human epidemics between 1936, and 1943 are quite ineffective in producing 
antibodies against the A prime group of viruses which have, virtually held 
sway since 1946 (Francis et al., 19+7). Unless therefore, the vaccine is polyvalent, 
and contains the major A groups and influenza B, it is likely to be of limit~d 
value. Moreover, we have no certain information that all the various antigenic 

. :r:aces of the influenza virus have yet been cultivated in the laboratory, so that 
future epidemics may well incl~de antigen which are as yet unknown. ' 

With virus strains resembling those incorpor~ted in the antigen and used 
either for the deliberate inoculation of volunteers' or encountered in field trials, . 
significant degrees of protection following immunization have been demon
strated. Thus Francis and co~workers (1945) and Sa~k anq. colleagues (1945a) 
showed that inhalation of active ~irus in, those previously immunized subcu
taneously with inactive eluate vaccine was followed by a significantly, lower 
incidence of i:t~.fection than in controls. 'The duration of protection was, how
ever, confined to "a few weeks ,:and protection was at its peak two to four weeks 
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c. H. Stuart-Harris 311 

after injecti6~. The field trials organized in~ theU.S.,A. by the Commission on 
influenza during and after the war extended this information in severaldirec
tions. The classical sw:;cessful trial of ·influenza vaccine was that organized in 
1943 and reported by the Commission in 1944. Six thousand students in nine 
different centres, in the U.S.A. were immunized and an equal number of alter
nate controls received egg materials, without virus. The outbreak of influenza 

, A whiCh followed within two to four weeks' exacted' a toll of clinical influenza 
of 2·22 per cent in the' vaccinated and 7·11 per cent in' the controls. A reduc
tion in incidence of approxim~tely 70 per cent was thus obtained as :a result 
of immunization. Only in the University of California was a less favourable 
degree of protection obtained and h<:re the outbreak did not occur until six to 
twelve weeks after'imintmization. 

A 'less f elegant demonstration, of the statistical signific;ance of immunization 
~md this time' against influenza B was later reported by, Francis, Salk and 
Brace (1946) and Hirst and co-workers (1947). The group incidence 'of influenza' 
Bin 1945-6 in naval schools where the students were not immunized was 10 to 
12 p~r.cent .. compared wit1l that of 0·5 to 1 per cent in neig1?-bouring Army 
schools. As the schools were adjacent but the populations did not intermingle 
these studies are less satisfying than that in 1943. But the degree of reduction 
of infection was apparently greater :and this may be due to the fact thaf the' 
intermingling of numbers of immunized individuals with others who are un
protected may increase herd resistance, to the sprea.d of i~fluenza and, thus 
diminish the incidence in the controls. ,This effect may have been the reason 
for the failure of British experiments during the same influenza B outbreak 
(Dlldgeon et'al., 194.6) to establish the valu~ or otherwise of the vaccine. For 
<!:lthough several thousand, medical students, nurses and indllstrial workers were 

, then immunized; the incidence of influe9za B was so low in most, of the groups 
of the controls that benefit among those immunized could not be demonstr:ated 
(Table I). Only amongst industrial, workers was an incidence encountered 

TABLE I.-FIELD TRIAL OF INFLUENZA VACCINE 1945-46 DURING'INFLUENZA B. 
(GREAT, BRITAIN) 

Number of Number under C~es of clinical Percentage 
Group centres observation influenza incidence 

University students 14 ' Vaccinated 1934 28 1·45 
Controls 2307 40 1·7 

Nurses and pat~ents in hospital 13 Vaccinated' 1481 20 1·35 
Controls l508 22 1·15 

Industrial groups' 6 Vaccinated ,2157 84 3;9 
, Controls 2173 140 6·4 

Total .. 33 Vaccinated 5572 132 ·2'37 
Controls 5988 202 , 3·37 

which was in excess of 5 per cent in the controls. In these, the immunized 
individuals suffered an incidence of ,influenza of 3·9 per cent,the conttol inci
dence'being 6·4 per cent, but diagnosis was based upon the certification of in-. . . " 
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~12 Perspectives. in the Control of Epidi:mic Influenza 

ness in absentees and mfty therefore have been, fallacious. Of these. indus
trial groups, that at the Woolwich Arsenal included 622 controls and 609 immu
nized individuals and the respective incidence of reported influenza was 10'9 
per cent and5'! per,cent, a difference which seems unlikelyto:have been th~ 
result of chance.' , , " I 

Since 1946; ,many field experiments with influenza vaccine have been 
reported but none have been sUGcessful. This has been. clearly demonstrated 
to be due to the replacement all.over the world of the classical PR8 strain of . 
influenza A virus and its close cousins,'by a race of viruses which is .antigenically 
distinct from the'PRS group and is now known as the influenza A prime 
group~ J'he. very lack of success with vaccines containing only PRS antigen 
against natura~ infection by the A prime,viruses and a similar-lack offormation . 

. / of,antibodies against this race has thrown into sharp relief the successful experi
.ment of 1943 <;lnd by contrast confirmed its truth. Meanwhile the new strains of 
virus behave so differently from the, old classical strains that much of the immu
nology of influenza A must be re-written. The actual 'antigenic effe'ct 9f A 
prime virus is, for instance, less potent than that of the BR8 group. ,Ferrets 
exposed to infection develop lower titres of antibodies, and thus it seems pos
sible'that inactivated virus vaccine made from the A prime viruses. may he 
less'active subcutaneously than that of the classical strain. The natural distri" 
bution of.antibodies to the,'new strains is also different and the ful1' significance 
of the antigen in relation to epidemiqlogy is not yet known .. Yet the A prime 

, antigen stimulat~s in some individualS a formation of antibodies to the older 
virus both during natural infection (Stuart-Harris et qZ;, 1949) and during immu: 
nization. Fig. I shows th~ contrkst. between the serological res.ponse to two , 
vaccines, the one composed only of PRS virus antigen and the. other of A prime 
antigen from the Dutch strainNED/U49 recoveredftby Mulder and co-authors· 
(Mulder et al., 1949). . 

The ~ise of antibody to the homologous 'antigen is present with both 
vaccines and the PR8 vaccine has not induced an antibody. ~esponse against the 
heterologous NED virus. But some of the individwtls immunized. with the 
vaccine containing the latter strain developed, sharp antibody responses to the 
PRS virus. This can ohly mean that the A prime virus contains in addition 
to its own specific antigen, some compon,ent capable.,of re~awakening antibody 
[ormatipn against the PR8 antigen. The derivation of the HA" prime viruses by. 
mutation froni the PR8 group is clearly suggested. " 

PROBLEMS FOR THE FUTURE 

The present task in relation to immunization against· influenza is clearly 
one of continued research in regard to a number of different problems. Now 
that we know that immunization is a theoretical possibility, all sorts'ofproblems 
remain to be solved before the goal of practical utilization of vaccine, can be 
glimpsed. . 

(i) Character of the Vaccine.-It is still not certain whether current vac-
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cines represent the most efficient and economical sources of antigen, and further 
research into methods of manufacture 'are clearly needed. In any case, how
ever, the vital importance of a polyvalent vaccine containing all major antigenic 
groups is clear. Until we know how often major races of influenza A virus are 
likely to appear and disappear it will be foolish not to incorporate all those 
known to have caused major epidemics in the past. 

(ii) Avoidance' of Reactions,-Febriie reactions to the ,more highly concen-
_ trated influenza vaccines occur with a,frequency bearing a relation to the anti

genic content of the vaccine (Salk, 1948)., In fact they constitute an 
annoyance hardly as great as that resulting from T.A.B. vaccine, but clearly 
the limit to the amount ,of antigen capable of being safely incorporated in the 
vaccin~ has been rea,ched. The use of depOt subst:lUces'in order to bring about a 
more gradual release of antigen is thu~ a significant developm~nt in diminishing 

, , reactions. In addition to febrile rea~tions, local reactions may he encountered 
though these are not of a serious, character and a few i~stances have occurred 
of severe allergic re<l:ction and even death in egg-sensitive individuals. Those 
who give a history ,of egg-sensitivity must therefore be tested by intradermal 
injection of a small dose :andmust not be given the usual ,dose of vaccine sub
, cutaneously. 

(iii) Route of Immur;ization~-Although nearly all past/work has been car
ried out by immunization subcutaneously, American workers have recently' 
introduced the intradermal route. The advantages claimed are twofold. Only , 
one-ten~h the amount of vaccine is used compared with the normal subcu
taneous dose" and reactions particularly of a febrile character are minimal. 
Published reports (van Gelder et al., 1947; Bruyn et al., 1949; Rantz and, 
RandalI, 1949) of the antibody response to the small intradermal dose are 
reputed to be as good i';lS or but little inferior to that following the larger sub
cutaneous one, but the data are stiUnumerically smalL Moreover; past experi
m,?ntshave been ,carried out with thePR8 antigen and a repetition of the work 
with A prime antigen is essential. 

(iv) Timing oflnoculation.-Even the mOst optimistiC 'observer must admit. 
that the peak of protection afforded by immuniz~ti0n is reached two 'weeks 
after inoculation. The rise of antibodies does not begin until one week after 
inoculation; so' that there is a lag in protection for at least this peri?d.. Whether 
significant protection lasts ,for several months after immunization, as some 

. observers have claimed (Hirst et al., 1944; Salk et al., 1945b) or not is still a mat-' 
ter of doubt. Meanwhile it is clearly too late to begin il)-oculation in the face of at). , 
outbreak which is already in I existence and .yet it is undesirable to immunize 
too soon beforehand. Thus,' accurate prediction of epidemics is much to be 
desired and if this is too ,Utopian a target, then :a careful study of the spread 
of epidemips may enable immunization to be tirried, in advance of the time, of . 
arrival of an outbreak. The work of the Influenza Centres of the W orldHealth ' 
Organisation is an important development in this regard. 

(v) The Organization of Field Trials.-It has already been statedthai fu~
ther trials are necessitated but only those who ]:lave participated in the organ. 

o -
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C. H. Stuart-H~rris 315 

ization of such trials are in a position to understand the pr'a~tical difficulties. 
Trials necessitate, the selection of a group likely.to suffer .3. heavy incidence of 
infection, static enough for careful. follow-up and capable of, accurate clinical 
study during this period .. For statistical reasons, the omission of immunization 
or the inoculation of inert materials in alternate controls in the herd is. desirable. 
Yet if 50 per cent of the group are immunized, the.incidenGe of infection in 
the controls may be cut down. The alternative method Of immunization of 
complC;'!te groups of individuals and surveillance of comparable unimmuruzed 
groups is only likely to be satisfactory if the outbreak is uniform in a geographic 
sense and. of an adequate severity (Mellanby. et. al., 1948). Given a perfect. 
vaccine, the correct antigen, an ideal human herd from the statistical stand-
point, then all depends upon the disease influenza .. As Francissaid (1941). 

"One of the chief obstacles to proper evaluation is the l~ck of co-operation 
on the part of the disease itself, in not presenting itself in the desired spot at 
the desired time." And may it be added "in.as ferocious a form as possible." 

CONCLUSIONS ' 

Immunization with Influenza ,virus vaccines is shown by experimental a~d 
field work to be both practicable and beneficial. Its application is handicapped 
by several factors including the variable character of outbreaks, the choice 
of suitable individuals, the unknown factors concerned with the requisite virus 
~ntigen and so on. It must still be visualized as an experimental procedure 
requiring much further work, though its value is more likely to be apparent 
during some future pandemic of possible high infectivity and severity than in 
influenza epidemics of the type recently e~perienced. The major difficulty of 
anti genic' variation among the influenza viruses may fru'strate attempts at 
prophylaxis based on viruses obtained from previous outbreaks. 

Immunization and methods of air sterilization are therefore both measures 
of profoUnd theoretical interest which lack practical application at the present 
time, but which are the only known weapons in the armamentarium of prophy
laxis against influenza. They might be supplanted at. any time by the develop
ment of some form of chemical or antibiotic agenJ; which interfered effectively 
with the act of cellular infection of the respiratory tract by the influenza viruses. 
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