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Studies of Smallpox Antibody Levels of Sera from
Samples of the Vaccinated Adult Population

of Madras*
A. W. DOWNIE,' T. L. HOBDAY,2 L. ST. VINCENT3 & C. H. KEMPE 4

In view of the endemicity ofsmallpox in Madras and the poor take rate on revaccination
with the lymph in current use, it was felt that the immunity of the general adult population
might be relatively low. In an attempt to obtain some measure of this, sera were obtained
from over 300 adults in Madras for the estimation of serum antibody. The results of neu-
tralization tests against variola virus made on these sera showed that about 10 % of those
who had good scars from infant vaccination showed little or no antibody. A comparison of
the antibody titres ofadult sera showing good antibody levels when used undiluted was made
with that of sera from smallpox convalescents. The antibody level in the latter sera was
20-100 times that of the sera of adult persons who showed good vaccination scars.

INTRODUCITION

It has been known for a long time that the im-
munity afforded by vaccination in infancy does not
always persist into adult life to such a degree as to
prevent the occurrence of smallpox in adults who
show good scars from vaccination. This is borne out
for the Indian population by the studies of Pandit
et al.5 In the course of a series of small-
pox studies conducted in Madras in 1960 it was
observed that more than one-half of the cases admit-
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ted to the Madras Infectious Diseases Hospital
showed good scars from primary vaccination in
earlier life. It seemed possible that smallpox might
occur in vaccinated adults who had completely lost
antibody and, with it, immunity to infection, and
that information on this particular point might be
obtained by a study of sera from those members of
the adult population in Madras who showed scars
of primary vaccination.

Sera were therefore collected from three groups of
adults. (1) Blood donors for the Madras Blood Bank;
these consisted almost entirely of young male adults
between the ages of 18 and 40 years. (2) Young
adults suffering from chicken-pox admitted to the
Infectious Diseases Hospital, Madras. There were
many such patients as there was a chicken-pox
epidemic in progress at the time these studies were
made. (3) Patients in theWHO Tuberculosis Chemo-
therapy Centre in Madras. Sera were kindly made
available to us by Dr J. B. Selkon of that centre.

Sera from the first two groups were obtained from
blood samples which were kept in the refrigerator
overnight, the sera being separated the next day.
Sera were kept at 4°C until they were conveyed by
air to England, where they were kept stored frozen
at -20°C in the Department of Bacteriology, Uni-
versity of Liverpool, until required for test. Parts
of the samples from these two groups were sent to
the Department of Pediatrics, University of Colo-
rado Medical Center, Denver, Colo., for some of
the antibody studies reported below. The sera from

1022 -55



A. W. DOWNIE AND OTHERS

the third group had been stored frozen at - 20°C
at the Tuberculosis Chemotherapy Centre for up to
two or three years until they were taken to Liverpool
for examination.

METHODS

In the estimation of the antibody content of the
sera two methods were chosen: the neutralization
test using the pock-count technique on the chorio-
allantois of chick embryos, and the haemagglutina-
tion-inhibition test. The first method measures
directly the neutralizing power of the sera, but is
laborious and expensive. The second method is
simpler and more economical and was used in
parallel with the neutralization tests so that a com-
parison of the results with the two techniques might
be made.

Neutralization tests

Variola virus was used in these tests. A stock sus-
pension was prepared from the eighth egg passage of
a strain of virus isolated from a case of variola major
in 1946. The virus suspension was prepared from the
supernatant fluid from a suspension of infected egg
membranes and was washed once in the high-speed
centrifuge. The virus suspension, in M/250 citric
acid phosphate buffer, pH 7.4, was mixed with an
equal volume of sterile glycerol and kept at -200C.
This suspension, when diluted to 10-5, produced
approximately 100 pocks on the chorio-allantois and
was used at this dilution. Throughout the period of
two months during which sera were tested the in-
fective titre of the stock suspension remained un-
altered. All sera were inactivated by heating at 58°C
for 20 minutes before use. Of each serum 0.2 ml was
mixed with 0.4 ml of stock virus suspension diluted
to 10-5. The mixtures were allowed to stand at room
temperature for one hour before being inoculated by
means of a tuberculin syringe on the dropped chorio-
allantois of 12-day-old chick embryos. Five eggs
were used for each mixture, 0.1 ml being inoculated
into each.

Sera were usually tested in batches of 20, a pool of
serum from unvaccinated young adults being in-
cluded in each day's tests. A convalescent smallpox
serum was usually tested at the same time. The
inoculated eggs were opened up after three days'
incubation at 360C. The inoculated area of the
chorio-allantois was removed and placed in formol
saline for the counting of lesions. The five counts
from each serum-virus mixture were averaged and

the percentage neutralization estimated by compari-
son with the average count obtained with the negative
serum-virus mixture. For each day's tests virus was
prepared from the stock suspension kept at -20°C.
The average pock count with the negative serum-
virus mixtures was usually between 40 and 80, the
mean of 20 tests with the control mixture being 58.

Haemagglutination-inhibition tests

The vaccinia virus used was a 20% chorio-allantoic
membrane suspension in 10% rabbit serum saline of
either CVI eightieth egg passage or IHD second egg
passage. The haemagglutination titre of these sus-
pensions was 1:128-1:256.

Sera inactivated for 30 minutes at 60°C were
diluted in normal saline from 1:5 through 1:2560 in
serial twofold dilutions of 0.25-ml amounts. Two
units of virus contained in 0.25 ml were added to the
serum dilutions and incubated in a 37°C water-bath
for one hour. A 0.25-ml quantity of 0.5% chicken
red blood cells was added and the test was read after
one hour's incubation at room temperature.

RESULTS

Neutralization tests

The percentage neutralization of variola virus by
the three groups of sera is summarized in Table 1.

It will be seen that the three groups of sera gave
essentially the same results. Of the total of 304 sera
tested, 72% showed 90% or greater neutralization of
variola virus by the techniques used; 6% may be
regarded as devoid of neutralizing antibody; and a
further 4% showed very weak neutralizing activity.

Serum neutralizing activity and primary vaccina-
tion. Information was available on the number of
primary vaccination scars borne by all but four of the
persons from whom the sera were obtained. Table 2
sets out the data on this point.
While the number of individuals showing one or

three scars was perhaps not great enough for the
results to be significant, the figures in Table 2 show
no significant difference in the antibody levels of
those persons who had two scars and those who had
four.

Age and neutralizing activity of sera. The results
of the serum neutralization tests on the first two
groups of sera have been analysed in relation to the
age of the persons from whom the sera were obtained.
In Table 3 the results are set out in relation to five-

56



SMALLPOX ANTIBODY LEVELS IN VACCINATED ADULTS IN MADRAS

TABLE 1

PERCENTAGE NEUTRALIZATION OF VARIOLA VIRUS

Percentage neutralization
Sera

|

<40 40-49 50-59 60-69 70-79 80-89 90-100 Total

Blood bank 4 2 3 1 4 14 73 101

Chicken-pox 6 3 2 1 3 17 79 111

Tuberculosis
Chemotherapy
Centre 8 - 1 2 1 15 65 92

Total 18 5 6 4 8 46 217 304

Percentage
of total J 6 2 2 1 2 15 72 100

year age-groups. Here again there seems to be no
significant variation in relation to age within the
20-40-year age-groups.

It should be noted that many of the individuals
from whom sera were obtained gave a history of
revaccination. However, as there was usually no
means of determining whether the revaccination had
been successful or not, no account has been taken of
such history in evaluating the results.

Haemagglutination-inhibition tests
Sera from the first two groups only were examined

by this technique. It will be observed that the total
number of sera shown in Table 4 is different from
that shown in Table 1. This discrepancy was due to
the fact that two sera in the blood bank group were
contaminated with bacteria which killed the chick

Scar
of primary
vaccination

++
+++

Total

embryos in the neutralization test so that no result
was available. There was insufficient serum remain-
ing in one sample of the chicken-pox group sera for
the performance of the haemagglutination test.
The results in Table 4 indicate that many of the

samples of serum showed little or no inhibition of
haemagglutination. This is in accordance with
previous observations showing that after vaccination
against smallpox, haemagglutination-inhibiting anti-
body tends to disappear after a few years while
neutralizing antibody persists.
The results of the haemagglutination-inhibition

tests were examined in relation to age and number of
vaccination scars of the persons donating the serum.
There was again no significant difference in antibody
titres in relation either to age or to number of
vaccination scars.

TABLE 2

RELATIONSHIP BETWEEN NUMBER OF VACCINATION SCARS AND NEUTRALIZING ANTIBODY a

rs | Percentage neutralization

<40

2

8

6

17

40-49

1

4

5

50-59

2

4

6

60-69

2

4

70-79

1

6

8

80-89

7

16

2

21

46

90-100

19

79

10

106

214

Total

29

108

14

149

300

a The discrepancy between figures in this table and those in Table 1 is due to the fact that for four sera from the Tubercu-
losis Chemotherapy Centre no information was available regarding vaccination scars borne by the donors.
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TABLE 3
NEUTRALIZING ANTIBODY IN RELATION TO AGE

(BLOOD BANK AND CHICKEN-POX SERUM GROUPS) a

Percentage 1 Age-group (years)
neutralization <20 20-24 25-29 1 30-4 | 35-39 40+ Total

<40 0 6 3 - I - 10

40-49 1 3 0 _ - - 4

50-59 1 4 1 - - - 6

60-69 0 0 2 - - - 2

70-79 2 2 1 1 1 - 7

80-89 2 10 11 5 2 1 31

90-100 10 49 52 17 9 7 144

Total 16 74 70 23 13 8 204

a Age was not Included in the information available in respect of eight persons In these two
groups.

Comparison ofantibody estimation by haemagglutina-
tion-inhibition test and neutralization test

The results of the two tests for individual sera are
shown in the accompanying figure. It is apparent
from the figure that many of the sera showing good
neutralization have little or no haemagglutination-
inhibiting aniibody. It is, however, to be noted that
the sera which showed high haemagglutination-
inhibition titres also had good neutralizing activity,
and those sera which showed little or no neutralizing
activity had little or no haemagglutination-inhibiting
antibody.

Titration of neutralizing antibody

The method used for estimating neutralizing anti-
body in the above tests was a simple and relatively
crude one. Our primary object was to determine the
proportion of previously vaccinated adults whose
sera were devoid of neutralizing activity. For this
purpose the technique seemed adequate. However,
in order to obtain a more accurate measurement of
the neutralizing activity of sera, it is advisable to
make the tests with increasing dilutions of sera.
This procedure was carried out with 12 sera which
showed more than 90% neutralization when tested

TABLE 4
HAEMAGGLUTINATION-INHIBITION TITRES OF SERA

FROM BLOOD BANK AND CHICKEN-POX SERUM GROUPS

Haemagglutination-inhibition titres a
Sera <5 5 10 20 40 80 160 320 Total

Blood bank 25 29 21 17 8 2 1 103

Chicken-pox 17 31 22 20 10 5 4 1 110

Total 42 60 43 37 18 7 4 2 213

Percentage of total 20 28 20 [17 8 3 2 | 1 _|

a Expressed as reciprocal of titre.
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TABLE 5
TITRATION OF POST-VACCINATION SERA a

Percentage neutralization of variola virus showing
Serum dilution >50% neu-

B 2 B 4 B 8 B 10 B 26 B 31 B 66 C 7 C 12 C 19 C 41 C 66 tralization

Undiluted 98 99 98 93 98 95 98 98 97 99 98 97 12/12

115 98 94 98 95 76 40 84 88 97 96 98 92 11/12
1/25 80 82 92 70 42 0 16 45 16 92 89 73 7/12
1/125 0 32 57 11 NT 0 0 NT NT 24 29 42 1/12
1/625 0 NT 22 NT NT NT NT NT NT 0 NT NT 0/12

Primary vaccination ++++ ++ - ++++I++++ ++++ + ++++ ++++ ++++ ++++ ++

History of
revaccination ++ - ++ ++ ++ - ++ - - + ++ +

History of smallpox - + + - - + -_ _

a NT = not tested.

undiluted. At the same time six sera from con-
valescent smallpox patients were tested for compa-
rative purposes. The results of these tests are shown
in Tables 5 and 6.
From Table 5 it will be seen that the percentage

neutralization shown with these undiluted sera did

COMPARISON OF ANTIBODY ESTIMATION
BY HAEMAGGLUTINATION-INHIBITION TEST

AND NEUTRALIZATION TEST

96.100 :-.:: :- **-- * .
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a. 41-45

BELOW.
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HAEMAGGLUTINATION-INHIBITION TITRE

not give an accurate estimate of the antibody con-
tent of individual sera.

Table 6 shows that the sera from smallpox con-
valescents had much higher titres than those result-
ing from vaccinations made, in most instances,
many years previously. The serum with the lowest
titre was that from the patient who had never been
vaccinated. It may be noted that all smallpox con-
valescent sera shown in Table 6 gave a good pre-
cipitation reaction when tested against a vaccinial
antigen by the agar gel diffusion method.' None of
the sera shown in Table 5 gave a positive reaction.

DISCUSSION

The individuals whose sera were used in the above
studies were not a general cross-section of the
population of Madras in that they were mostly young
adult males. This, however, was not important for
our purpose, as we were concerned merely to de-
termine the degree of persistence of antibody follow-
ing successful vaccination against smallpox early in
life. The similarity of the results in the three groups
tested suggest that they may be representative of
antibody levels in the vaccinated adult population of
the city. The results indicate that approximately
10% of this population have little or no neutralizing
antibody in their sera. Although these persons
might well be susceptible to smallpox, we have no
data which would indicate whether it is in this group

1 Dumbell, K. R. & Nizamuddin, M. (1959) Lancet, 1, 916.
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TABLE 6
TITRATIONS OF SMALLPOX CONVALESCENT SERA FOR NEUTRALIZING ANTIBODY

Percentage neutralization of variola virus Number
eru ilutio

showingSerum dilution ~~~~~~~~~~>50%neu-
Y 1T Y 2 Y3 3 Y 4 Y 5 Y 6 tralization

Undiluted 99 99 100 97 96 99 6/6
1/5 97 94 100 97 76 94 6/6
1/25 97 95 98 98 80 95 6/6

1/125 96 96 97 98 47 97 5/6
1/625 87 96 97 89 32 88 5/6

1/3125 14 51 42 64 NT 31 2/6

Age (years) and sex 22 M 39 M 30 M 40 M 40 M 45 M

History of vaccination
(scars) ++ ++++ ++++ ++ none ++++

Severity of illness a D C D C C C

Days from onset 27 18 9 13 28 25

a D = discrete rash; C = confluent rash.

of vaccinated persons that smallpox occurs. How-
ever, a certain proportion (10%-20%) of the popu-
lation of Madras escapes vaccination and these
persons, together with the vaccinated individuals who
have lost their immunity, may provide a sufficient
number of non-immune persons to permit smallpox
to remain endemic in the city. Such endemicity is
further favoured by the crowded conditions under
which a large proportion of the population lives.
This situation should be altered when the campaign
for universal vaccination and revaccination is in
operation.
The comparison of the antibody estimations by

the two techniques used show considerable diver-
gence. Many sera which showed little or no haemag-

glutination-inhibiting antibody had good neutraliz-
ing activity against variola virus. This is in con-
formity with previous findings that after vaccination
haemagglutination-inhibiting antibody does not
persist as long as neutralizing antibody, and this
may, in part, depend on the sensitivity of the two
kinds of test. There was no apparent correlation of
antibody levels with the number of primary vac-
cination scars or the age-group to which the in-
dividuals belonged. On the basis of our neutraliza-
tion titrations, gamma-globulin prepared from con-
valescent smallpox serum would be much more
effective in the prophylaxis of smallpox than the
gamma-globulin prepared from the serum of
recently vaccinated individuals.
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RtSUMIt

Au cours des recherches sur la variole, poursuivies a
Madras, les auteurs ont evalu6 le niveau des anticorps
antivarioliques chez 300 adultes pr6sentant de bonnes
cicatrices de vaccination. Ces serums ont et soumis au
test de neutralisation, le critere etant la reduction du
nombre des pustules produites par le virus sur membrane
chorio-allantoldienne de poulet. Les titres d'inhibition de
l'hemagglutination ont 6te aussi determines, par rapport
a une h6magglutinine vaccinale. Les resultats ont montre
que 10% environ des serums examines n'avaient pas
d'anticorps neutralisants, ou n'en avaient que des
traces. Ni l'age du sujet, ni le nombre des cicatrices
laissees par la vaccination ne paraissent jouer un r6le.
Il n'y avait pas de rapport non plus entre les titres d'inhi-
bition de l'hemagglutination et le pourcentage des
anticorps neutralisants. Certains serums fortement

neutralisants n'avaient guere d'anticorps anti-hemagglu-
tinants. Cependant, tous les serums ayant des titres eleves
d'anticorps anti-hemagglutinants avaient aussi un fort
pouvoir neutralisant. Ces re'sultats confirment d'autres
observations selon lesquelles l'activit6 anti-hemaggluti-
nante ne persiste pas aussi longtemps, apres vaccination,
que l'activite neutralisante.

Les auteurs evaluent 'a 10-20% la proportion de la
population de Madras qui 6chappe a la vaccination, et il
semble que 10% environ des vaccines ne possedent pas
d'anticorps neutralisants. II semble, etant donn6 la pro-
miscuite dans laquelle vit une grande partie de la popu-
lation et la declaration incomplete des cas, que cette
proportion d'individus sensibles peut suffire a maintenir
l'end6micite variolique a Madras.


