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Efficacy of inactivated poliovirus vaccine in India*

R. KRISHNAN,1 MALATI JADHAV,2 & T. JACOB JOHN3

The immunogenic efficacy ofinactivated (Salk) poliovirus vaccine (IP V) was evaluated
in infants in India, in view ofthe highfrequency of vaccinefailure after immunization with
oral (Sabin) poliovirus vaccine (OPV). A total of 150 infants, aged 6-45 weeks, were given
3 doses of IPV, with intervals of 4 or 8 weeks between doses. The effect on the antibody
response of child's age, presence of maternal antibody before immunization, and interval
between doses was assessed. The overall seroconversion rates to poliovirus types 1, 2, and 3
were 99%, 89%, and 91 %, respectively. Seroconversion rates to types 2 and 3, and anti-
body titres to types I and 2, were higher (i) in infants given vaccine doses at 8-week intervals
and (ii) in those without detectable maternal antibody. The seroconversion rates in infants
without maternal antibody, who were given IPV at 8-week intervals, were 100%, 100%,
and 96.21% to poliovirus types 1, 2, and 3, respectively. Thus the immunogenic efficacy of
IPV wasfound to be satisfactory.

Although the oral (Sabin) poliovirus vaccine (OPV)
has been shown to be effective in the control of polio-
myelitis in many countries, there are two reasons why
an evaluation of the alternative, inactivated (Salk)
poliovirus vaccine (IPV) has become necessary. First,
in some developing countries, especially in the
tropics, the immunity induced by the conventional
three doses of OPV has been incomplete (1). Conse-
quently, the incidence of paralytic poliomyelitis in
vaccine recipients has been unacceptably high (2, 3).
Second, in some developed countries where polio-
myelitis due to wild poliovirus infection has become
rare, the very small risk of paralytic illness associated
with the oral vaccine virus has assumed a greater
importance (4).
We have investigated the immunogenic efficacy of

IPV in infants in a tropical area of south India. The
results, we believe, have wide relevance.

MATERIALS AND METHODS

The general setting of the study was similar to that
described in earlier reports on the efficacy of OPV
(1, 5). Briefly, infants between 6 and 45 weeks of age
attending the immunization clinic were offered a
quadruple vaccine incorporating IPV with diph-
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theria-pertussis-tetanus vaccine.a Each dose of 1 ml
contained 20, 2, and 3.5 D antigen units of poliovirus
types 1, 2, and 3, respectively. Three doses were given
to infants intramuscularly, at 4-week or 8-week
intervals according to the week in which the first dose
was given. Blood was collected from all infants by
finger or heel prick before giving the first dose and
again, 4 weeks after the third dose. All sera were
tested in pairs for the presence and titre of poliovirus
neutralizing antibody, using doubling dilutions from
1:8 to 1:1024, as described previously (1, 5).

In infants without detectable antibody before
immunization, the appearance of antibody at any
titre was considered indicative of seroconversion.
Any antibody present prior to immunization in
infants up to 6 months of age was considered to be
maternal in origin. Since the half-life of passively
acquired IgG is 3-4 weeks, it was assumed that, in the
absence of seroconversion, the antibody level would
have declined to one-eighth or less when the second
blood sample was collected 12 or 20 weeks later. Anti-
body titres 4 or more times higher than this expected
level were accepted as indicative of seroconversion. In
the calculation of the geometric mean titre (GMT),
titres of sera showing no end-point at 1024 were taken
as 1024. The mean seroconversion rate to the three
serotypes was termed the seroconversion index (6).

RESULTS

Although 240 infants were recruited to the study,
only 152 completed it. Their preimmunization anti-
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body status is summarized in Table 1. Two 28-week-
old infants with antibody against poliovirus type 1

and/or type 2 were excluded from further analysis.
The antibody response of the remaining 150 in-

fants, according to age and the interval between
doses, is summarized in Table 2. In infants under 8
weeks of age at the start of immunization, the sero-
conversion rate to type 2 virus was significantly higher
when the doses were administered at 8-week intervals
rather than at 4-week intervals (P < 0.01). Serocon-
version rates to types 1 and 3 were also generally
higher with a longer interval between doses, but the

differences were not statistically significant.
The type-specific seroconversion rates in infants

with and without maternal antibodies before immu-
nization are presented in Table 3. In infants without
maternal antibody, the response to type 1 poliovirus
was 10007o irrespective of the interval between doses.
Although response rates to poliovirus types 2 and 3
were lower when doses were given at 4-week intervals,
the differences were not significant. Among infants
with maternal antibodies, those receiving IPV at
4-week intervals responded poorly to types 2 and 3
poliovirus, but those receiving the vaccine at 8-week

Table 1. Prevalence of poliovirus antibody in infants immediately before immunization

Infants Infants
without with all 3

Age No. of antibody No. with antibody antibody types
(weeks) children

tested No. % Type 1 Type 2 Type 3 No. %

6-7 90 27 30 50 42 14 11 12
8-12 26 11 42 7 14 3 2 8

13-26 26 21 81 4 2 2 1 4

27-45 10 8 80 2 1 0 0 0

Total 152 67 44 63 59 19 14 9

Table 2. Antibody response to poliovirus immunization according to age and interval between doses

Seroconversion

Age at IntervalSeo
first dose dosbetween No. Type 1 Type 2 Type 3 Snversion
(weeks) doses tested idxM(weeks) ~~(weeks) No. % No. % No. %ine1%

6-7 4 57 56 98 40 70 50 88 85.4

8 33 33 100 33 100a 32 97 99

8-12 4 10 10 100 8 80 10 100 93.3
8 16 16 100 15 94 15 94 95.8

13-26 4 19 18 95 19 100 17 89 94.7
8 7 7 100 7 100 6 86 95.2

27-45 4 3 3 100 3 100 2 67 88.9
8 5 5 100 5 100 5 100 100

6-45 4 89 87 98 70 79 79 89 88.4
8 61 61 100 60 98" 58 95 97.8

Total 4 and 8 150 148 99 130 89 137 91 92.1

a Significantly different from seroconversion rate with 4-week intervals between doses, P< 0.01.
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Table 3. Type-specific seroconversion rates after 3 doses of IPV in infants with and without maternal antibody before
the first dose

Type 1 Type 2 Type 3
Interval

Maternal between No. with No. with No. with
antibody doses antibody/ % antibody/ % antibody/ %

(weeks) No. tested No. tested No. tested

Absent 4 53/53 100 58/63 92 74/80 92.5

8 36/36 100 30/30 100 51/53 96.2

Present 4 34/36 94.4 12/26 46.2 5/9 55.6

8 25/25 100 30/31 96.8a 7/8 87.5

a Significantly different from seroconversion rate with 4-week interval between doses, P< 0.01.

intervals showed a good response. The difference was
significant only in the case of type 2 poliovirus
(P < 0.01).
The post-immunization GMTs of poliovirus anti-

bodies in infants with and without maternal anti-
bodies before immunization are shown in Table 4.
The preimmunization GMTs of antibodies to polio-
virus types 1, 2, and 3 were 17, 18, and 14, respec-
tively, in infants immunized at 4-week intervals and
16, 16, and 17, respectively, in those immunized at 8-
week intervals. Irrespective of the presence or absence
of maternal antibody before immunization, antibody
titres to all types of poliovirus were higher in the
group given doses at 8-week intervals. Similarly,
regardless of the interval between doses, the titres of
antibody to poliovirus types 1 and 2 were higher
in those without maternal antibody before immu-
nization.

Table 4. The post-immunization geometric mean titres
(GMT) of poliovirus antibody in infants who showed
seroconversion, according to presence or absence of
maternal antibody before immunization

Interval
Maternal between GMT of antibodies to poliovirus
antibody doses

(weeks) Type 1 Type 2 Type 3

Absent 4 31 1.2a 77.7a 86.7

8 632.4b 194.0 97.0

Present 4 190.1 24.1 b 80.6

8 347.3 137.2 98.7

a Significantly different from (i) GMT with 8-week interval
between doses, and liil GMT in infants with maternal antibody,
given doses at 4-week intervals (P < 0.05).

b Significantly different from GMT in infants with maternal
antibody, given doses at 8-week intervals (P < 0.05).

DISCUSSION

Since the immunogenic efficacy of IPV has not pre-
viously been evaluated in India, the first objective of
the present study was to establish the seroconversion
rates in infants given the vaccine. The results
presented here confirm the high immunogenic effi-
cacy of the presently available IPV in Indian infants,
especially when given after 7 weeks of age or at 8-week
intervals. Preliminary results showing a satisfactory
response in triple seronegative infants have been
briefly reported earlier (7).
We have evaluated the effects on antibody response

of three factors, namely, age, presence of maternal
antibody, and the interval between doses. Age and the
presence of maternal antibody are interrelated, as
shown in Table 1. By 6 weeks of age, nearly one-third
of infants had become seronegative and only 12Gb had
antibodies to all three poliovirus types. As immu-
nization is usually started at 6 weeks of age in India,
2 months in the USA, and 3 months in the United
Kingdom, the results were analysed in terms of these
three age categories. The effect of interval between
doses was most marked in infants under 2 months of
age; IPV should be given to these infants at 8-week
intervals to obtain a satisfactory response.
The adverse effect of maternal antibody on

immune response to IPV has been shown earlier (8).
This effect is reduced by increasing the interval be-
tween doses from 4 to 8 weeks. The results presented
in Tables 3 and 4 indicate that maternal antibody and
the interval between doses are the two factors with
greatest effect on the antibody response. The best
response, particularly to types 1 and 2 poliovirus, was
obtained in infants without maternal antibody given
vaccine at 8-week intervals; the poorest response was
seen in infants with maternal antibody given doses at
4-week intervals.

In a recent review of IPV (9), the quantity of
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antigen, the number of doses, vaccine potency, and
immunological adjuvants were listed as factors influ-
encing the antibody response; the interval between
doses was not recognized as such a factor. Our results
show clearly that an 8-week interval between doses
produces a better antibody response than does a
4-week interval. This finding is of immediate rel-
evance to countries where IPV is used for immu-

nization of children. The vaccine used in this study is
currently licensed and used routinely in the Nether-
lands. The antigenic content of the type 1 component
is adequate for use in India, but the antigenic content
of types 2 and 3 could be increased to produce a better
response, especially if immunization is to be started at
6 weeks of age. Given in 3 doses at 8-week intervals,
the present formulation is quite satisfactory.
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RESUME

EFFICACITt DU VACCIN ANTIPOLIOMYtLITIQUE INACTIVE EN INDE

La grande frequence des echecs de l'immunisation par
administration du vaccin antipoliomyelitique oral (Sabin) a
conduit a evaluer l'efficacite immunogene du vaccin anti-
poliomyelitique inactive (VPI) (Salk). Au total, 150 nour-
rissons, ages de 6 a 45 semaines, ont requ 3 doses de VPI, a
des intervalles de 4 semaines pour les uns, de 8 semaines
pour les autres. On a evalue l'effet sur la reponse en
anticorps de l'age de l'enfant, de la presence ou de l'absence
d'anticorps maternels chez l'enfant avant sa vaccination, et
de l'intervalle entre les doses. Le taux global de sero-
conversion pour les poliovirus de type 1, 2 et 3 a et de 99%/,

8907 et 91 o respectivement. Les taux de seroconversion
pour les types 2 et 3 et les titres d'anticorps contre les types 1
et 2 etaient plus eleves chez les nourrissons ayant requ les
doses de vaccin A 8 semaines d'intervalle, et aussi chez les
enfants ne presentant pas d'anticorps maternels d6celables.
Les taux de seroconversion chez les enfants depourvus
d'anticorps d'origine maternelle et qui avaient requ le VPI A
intervalles de 8 semaines s'etablissaient A 100%o, 100%o et
96,2%7o pour les poliovirus de types 1, 2 et 3 respectivement.
On peut donc en conclure que l'efficacite immunogene du
VPI est satisfaisante.
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