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Introduction . 

All vaccines and other biological materials produced for large-scale public 

health application must be subjected to laboratory tests to ensure their potency^ 

since biological potency cannot be guaranteed simply by following a formula. 

Potency in this context means patency in man, but for obvious reasons it must 

normally be measured by an effect in an experimental animal• Unfortunately many 

human diseases are not natural diseases of animals and animals often respond both 

to the protective stimulus of a vaccine and to a subsequent challenge by virulent 
organism in a manner quite different from that of man. It follows therefore that 

if a laboratory potency test is to have a practical value it must be shown to give 

results which can be correlated with the actual protection afforded to man. The 

importance of this has not been appreciated in the past and it is only in the last 

two decades that the errors involved in applying results in animals directly to man 

have been appreciated, and even now its importance is not sufficiently widely known
# 

The result of this is that some prophylactics in routine use for many years 

have been and are being tested by methods bearing little or no relationship to their 

effect on man, and in other instances the value of the tests is quite unknown
# 

The need to rectify these defects is evident and VJHÜ has an important function in 

making it possible for the leading laboratories interested in this work to carry out 

the necessary field studies， since these must be done where the disease in question 

is prevalent and that is often far from the laboratory itself« Examples of 

vaccines needing such studies are pertussis, typhoid and smallpox
# 
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A second problem associated wtth vaccines that has been neglected in the past is 

that a vaccine which is effective under certain epidemiological conditions may be 

ineffective under other circumstances for reasons which may be biological or which 

may be concerned vith the problems of application. As a corollary to this, special 

preparations of a vaccine may be needed for application under special conditions. 

Examples of this are the problem of smallpox vaccination in hot countries where the 

usual vaccine lymph deteriorates rapidly, and the desirability of combined vaccines 

against several diseases effective in the smallest possible number of doses 

(preferably, but not yet possible, in one dose) especially in areas where access to 

the susceptible population is difficult and medical services under-developed. 

The following is a brief outline of studies in this field that have been supported 

by WHO during the last four years. 

Dried smallpox vaccine 

Dried smallpox vaccines have been in use in some countries for many years, but the 

results have not always come up to expectations. Experience had shown that drying 

did not necessarily increase the heat stability of smallpox vaccine, and the 

conditions for the preparation of a consistently heat-stable vaccine were not veil 

defined. 

In 1952 WHO initiated a series of studies designed to clarify the situation. 

The first step was to teat under controlled conditions the heat resistance of three 

dried vaccines in current use and of two experimental vaccines. The vaccines were 

Incubated at 紅5
0

， 57° and 21°C for weeks or months and their potencies tested at 

regular intervals. The results shoved that one of the three vaccines in current use 

was of low potency and little if at all more resistant to heat than glycerinated 

lymph. The two other production vaccines were somewhat more heat resistant than calf 

lymph, but resisted a temperature of 37°C only for a week or tvo. On the other hand 

the two experimental vaccines remained potent at this temperature for months. 
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These two vaccines were then selected for a further investigation designed to 

test simultaneously the rate of deterioration through heat as measured by various 

laboratory tests and their correlation with the rate of deterioration as measured 

by vaccination on humans. These tests are nearing completion and have shown that one 

of the two vaccines is markedly superior to the other, maintaining its full potency 

and giving 100 per cent, takes after exposure for eight months at The tests 

have a«lso shown that there is，as would be expected，a correlation between the results 

of laboratory tests and potency in man but that the relationship is not a simple one 

since there appears to be a critical potency below which the results in man 

deteriorate rapidly. It is interesting to note that this relationship has never 

previously been satisfactorily determined, even though smallpox vaccine has been in 

routine use for such a very long time. 

The next step in these trials, to be commenced in 1956， is to determine whether 

a vaccine partially deteriorated by heat gives as good protection against revaccination 

as does a fully potent vaccine. The assumption of an "all or none" immune response to 

vaccination has often been questioned but never either satisfactorily confirmed or 

disproved. 

The final step will be to determine the protective effect of the vaccine against 

smallpox. This will necessarily be a long-term study and will have to be designed 

as part of the normal public health service of a highly endemic area. A separate 

study would be extremely expensive, but by designing it in this way the cost should 

be very small. It is hoped to initiate such a study late in 1956 or in 1957 in 

Madras in India. 

Details of the methods of production of the two best dried smallpox vaccines 

have been published
1

 and have been widely distributed through Regional Offices. 

Ducor, D. H. ( 1 9 紅 7 ) Public Health Reports, 62, 565-581 
Hornibrook, J. W. & Gebhard， W. H. (1951) Public Health Reports, 66, 38-43 
Collier, L. H. (1955) Journal of Hygiene, 55 , 7 6 - 1 0 0 - - - — 一 -
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Pertussis vaccine and combined diphtheria-pertussis vaccine 

Pertussis vaccine was first used about 1910 but it was not until about 1930 that 

any real effectiveness was demonstrated. No satisfactory laboratory potency test was 

evolved until the late 1930s and it was not until after the war that studies were 

initiiated to determine the relationship of these tests to protection in man. The 

studies are still not complete. The results so far show that the intracerebral mouse 

protection test enables good vaccines to be separated from bad ones but insufficient 

is known about the relationship of results of the test and the protection conferred 

by mediocre vaccines. These studies have been carried out mainly by the Medical 

Research Council in the United Kingdom and have proved very expensive. WHO has given 

small grants in aid. A further study on the point mentioned above is about to begin 

in Yugoslavia. . WHO has made it possible to link the results of this trial with the 

long series of trials in the United Kingdom by purchasing vaccine already used in 

the United Kingdom trials for use in the control vaccine in the Yugoslav trial. 

It is known that the addition of pertussis vaccine to fluid diphtheria toxoid 

enhances the action of the toxoid. No satisfactory information is available on the 

effect of combination on the pertussis fraction. This is especially important since 

it now appears possible that agglutinins, formerly believed to be responsible for 

immunity in pertussis, may play no role in immunity^ and the evidence that combination 

did not impair pertussis vaccine was largely based on agglutinin studies. WHO has 

therefore supported a field study of combined vaccine in the United Kingdom. The 

results should be available in 1956. 

The possibility of stimulating further studies on the effect of reducing the 

number of doses of vaccine is being explored. At present the evidence suggests that 

three doses of pertussis vaccine are necessary for maximum effect• It would be 

hi幼ly desirable to reduce this to two doses without loss of efficacy* 

Typhoid vaccine 
‘ ： • • • » 

. • . -, • - • ‘ ‘ 

Typhoid vaccines have been in use for some 50 years b.ut no properly controlled 
• . .. .‘‘‘...‘, - . ... 

trials have ever been carried out in man. Indirect evidence of their effectiveness 

has been difficult to interpret because of the simultaneous application of sanitary 

measures. 
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Before and during World War I especially, the application of typhoid vaccina-

tion was followed by a reduction in the incidence of typhoid in the armed forces 

of several countries, but disciplined sanitary measures were also reinforced so 

that, although it cannot be doubted that the effect of vaccination was considerable， 

contemporary conclusions as to the magnitude of this effect have been criticized 

in recent years. 

During and after World War 工工 there was a number of outbreaks in troops of 

various nationalities which raised doubts as to the efficacy of vaccine especially 

under conditions of heavy exposure
 f 

Attempts to evaluate the effect of vaccination in civilian populations have 

.largely failed because it has been impossible to exclude differences in exposure 

as a cause of the apparent protection observed, although the observations have 

favoured the belief that vaccination was effective• 

Another problem has been emphasized as the result of recent work - that the 

antibody responsible for protection in man is not certainly known. Until it is 

known it is not possible to measure the true potency of the vaccine in the 

laboratory. Animal experiments
;
 especially on mice, have shown that protection 

against infection - which is a highly artificial infection in these animals -

depends largely on Vi antibodies• It was assumed that this was also so in man 

until doubts were raised as a result of experience during and after the last war. 

Current laboratory potency tests depend on active or passive immunization of mice, 
and thus are greatly influenced by the Vi content of vaccine which may or may no七 

be important in man
#
 That the Vi antibody may not be essential to protection in 

man is suggested by the recent observation that chimpanzees^ in which the disease 

more nearly resembles the natural disease in man, cannot be protected by 

immunization with the purified Vi antigen although it will protect mice. 
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A field trial was therefore planned in Yugoslavia with assistance from WHO 

and the United States Public Health Service to clarify some of these problems,, 

especially the importance of the Vi antigen. Consideration of the size of the 

population available and the incidence of typhoid made it necessary to restrict 

the trial to two types of typhoid vaccine with a control group of equal size to 

ensure statistical significance
#
 Approximately 36,000 people were vaccinated, 

12 000 with a heat-killed phenol vaccine (containing little Vi antigen)
9
 12 000 

with an alcohol-killed and preserved vaccine (Vi antigen preserved), and 12 000 

controls with a dysentery vaccine. Simultaneously extensive laboratory tests of 

the vaccines were planned and various serological studies carried out on inoculated 

persons. 

The trials, which have been admirably executed, will bo completed in May 1956• 

Preliminary data show that the phenol vaccine is giving good protection to children 

aged 5_15， but little protection to adults. The alcohol vaccine is not giving 

significant protection. (That the vaccines fail tc protect adults is not 

altogether surprising in an area where the disease is endemic, most adults having 

been already exposed to natural infection.' If the latter will not give complete 

protection against massive infection, it is hardly to be expected that a vaccine 

will. This confirms the experience in World War 1工書） 

. The laboratory tests have revealed the confusion which exists
#
 According 

tc the test used and the way it is performed either vaccine can be shown to be 

better than the other• The difficulty may in part be due to the instability of 

the Vi antigen in an alcoholized vaccine. Further trials with a more stable 

preparation (acetone-dried vaccine) will be necessary to clarify the situation, 

and these are being planned. 

The current trials may, it is hoped, lead to the establishment of an inter-

national reference standard (phenol) vaccine which has had its potency measured 

in man. 


