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ABSTRACT

Background The immunogenicity of oral poliovirus
vaccine (OPV), particularly the type 3 component, is
lower in infants in most developing countries than in
infants in industrialized countries. We conducted a
multicenter trial in Oman to evaluate the response to
a supplemental dose of four poliovirus vaccine formu-
lations.

Methods At nine months of age, infants were ran-
domly assigned to receive inactivated-poliovirus vac-
cine (IPV), administered subcutaneously; trivalent OPV
manufactured in the United States or in Europe; or
monovalent type 3 OPV. Serum samples were collect-
ed at enrollment and 7 and 30 days later. All of the in-
fants had previously received five doses of OPV.

Results We enrolled 1025 infants; 785 (76.6 percent)
met all the study requirements. At enrollment, 96.8
percent of the infants were seropositive for poliovirus
type 1, 98.0 percent for type 2, and 88.0 percent for
type 3. At 30 days there were no significant increases
in type 3 seroprevalence or in the median antibody
titer in the groups of infants who received OPV. Among
the recipients of IPV, type 3 seroprevalence increased
from 87.8 percent at enrollment to 97.1 percent at 30
days (P<0.001), and the median antibody titer in-
creased from 1:228 to 1:1448 or higher (P<0.001). The
rapid initial increase in the antibody titer suggests a
secondary immune response.

Conclusions A supplemental dose of IPV has ex-
cellent immunogenicity and leads to increases in the
titer of antibodies against type 3 poliovirus, whereas
supplemental doses of the oral vaccines do not have
these effects. (N Engl J Med 2000;343:767-73.)
©2000, Massachusetts Medical Society.

HE immunogenicity of oral poliovirus vac-
cine (OPV) is lower in infants in many de-
veloping countries than in infants in indus-
trialized countries.!"> A review of studies in
developing countries showed that the administration
of three doses of OPV resulted in a median seroprev-
alence of 72 percent for poliovirus type 1, 95 percent
for type 2, and 65 percent for type 3.6 In contrast,
three doses of OPV usually result in seroconversion
in more than 95 percent of children in industrialized
countries.” Several factors have been proposed to ex-
plain this difference.6:8:10
The type-specific antibody responses after vaccina-
tion with OPV are lower for poliovirus type 3 than for

types 1 and 2 in many developing countries, includ-
ing Oman, on the Arabian peninsula.l’13 In 1990, a
five-dose routine regimen of vaccination was intro-
duced in Oman, with doses administered at birth, at
40 days, and at 3, 5, and 7 months.1315 In subsequent
studies of seroconversion in Oman, the seroprevalence
of poliovirus type 3 was 73 percent after four doses of
OPV!3 and 80 percent after six doses.1

A number of approaches have been proposed to
improve immunity against poliovirus type 3, includ-
ing the administration of additional doses of OPV,!7
the administration of type-specific monovalent vac-
cines,!8 the use of trivalent OPV with an increased
amount of type 3 virus,'*20 the use of OPV manufac-
tured in the United States,¢ and the substitution of all
or some OPV doses with inactivated-poliovirus vac-
cine (IPV).21.22

At the nine-month visit for measles vaccination, we
gave infants in Oman?? a supplemental dose of one of
four poliovirus vaccines in order to determine the
most effective means of improving the immune re-
sponses to type 3 poliovirus and to determine the pro-
portion of infants with secondary immune responses
in the group of infants who were seronegative at nine
months. The specific objectives of the study were, first,
to compare humoral antibody responses (seropreva-
lence and antibody titer) after a single supplemental
dose of IPV, trivalent OPV produced by a U.S. or Eu-
ropean manufacturer, or monovalent type 3 OPV; and
second, to characterize the serologic immune response
as primary or secondary in previously seronegative in-
fants. The study was conducted between August 1992
and April 1993 at four sites in Oman (Royal Hospi-
tal, Muscat; Seeb Health Center; and Ibra and Nizwa
regional hospitals).

METHODS
Study Design

During the immunization visit at seven months, we informed
parents or guardians about the study and asked them to participate
if they lived within a one-hour drive of the study site. Healthy nine-
month-old infants were eligible for enrollment if they had received
five doses of OPV previously, with the last dose administered at

From the Centers for Disease Control and Prevention, Atlanta (R.W.S.,
M.A.P); the Ministry of Health, Muscat, Oman (A.J.M.S., PM., EM.);
Royal Hospital, Muscat, Oman (S.A.-K.); Ruchill Hospital, Glasgow, Unit-
ed Kingdom (G.B.C.); and the Department of Vaccines and Biologicals,
World Health Organization, Geneva (S.E.R.). Address reprint requests to
Information Services, National Immunization Program (E34), Centers for
Disease Control and Prevention, 1600 Clifton Rd., Atlanta, GA 30333, or
to rws4@cdc.gov.

Volume 343 Number 11 - 767

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

least six weeks earlier. Infants were excluded if they had a medical
condition requiring hospitalization, if they were known to be im-
munocompromised, or if they had a family history of an immu-
nodeficiency disorder.

Voluntary, informed consent for participation in the study was
obtained from the children’s parents or guardians in accordance
with the ethical principles enumerated in the Declaration of Hel-
sinki and the additional requirements of local and national author-
ities. The study was approved by the Ministry of Health and the
National Maternal—Child Health Committee, Muscat, Oman; the
institutional review board of the Centers for Disease Control and
Prevention, Atlanta; and the Secretariat Committee for Research
Involving Human Subjects, World Health Organization (WHO),
Geneva.

A standard questionnaire concerning demographic characteristics,
medical and vaccination histories, family composition, and socio-
economic status was administered to each infant’s parent or guard-
ian. A short questionnaire about acute illnesses, including diarrhea,
was administered during the follow-up visits at 7 and 30 days.

At ecach study site, the infants were randomly assigned to one
of four vaccination groups with the use of blocks of 200 random-
ization numbers provided by the WHO. After a block of numbers
had been used, another block of 200 numbers was provided. One
group of infants received a subcutanecous dose of IPV (Imovax Po-
lio, Pasteur Mérieux Serums et Vaccins, Lyons, France), formulated
to contain 40 D antigen units of poliovirus type 1, 8 D antigen
units of type 2, and 32 D antigen units of type 3. A second group
received a dose of trivalent OPV (Orimune, Wyeth—Lederle Vac-
cines and Pediatrics, Pearl River, N.Y.) formulated to contain, on av-
erage, 1095, 1056, and 1063 median tissue-culture infective doses
(TCIDy,) of Sabin poliovirus types 1, 2, and 3, respectively. The
third group received a dose of trivalent OPV (SmithKline Beecham,
Rixensart, Belgium) formulated to contain at least 109, 105, and 1058
TCID;, of Sabin poliovirus types 1, 2, and 3, respectively. The
fourth group received a dose of monovalent type 3 OPV (Smith-
Kline Beecham) formulated to contain 1058# TCID;, of Sabin po-
liovirus type 3.

OPV was shipped on dry ice from the manufacturers to Oman.
Samples from each lot of OPV, as well as randomly collected samples
from the study sites, were sent to WHO collaborating centers for
potency testing. Vaccine cold-chain—monitoring cards, which detect
exposure to heat, were activated by the manufacturer before ship-
ment and remained with the vaccine during shipment and storage.2
All the lots of OPV were stored at —20°C, with the temperature
monitored twice daily; no breaks in the cold chain were recorded.

The potency of the OPV was estimated at two independent
WHO collaborating centers according to standard WHO proce-
dures.?s The results are reported as the means of the values at the
two laboratories. The laboratories determined the titer of each
poliovirus type as well as the total viral titer; the stability of the
total viral titer was also determined. Loss of stability (i.e., a decrease
in the total titer per dose, expressed in TCID,) was assessed after
48 hours at 37°C. The antibody titers in the U.S. OPV were
10615 for type 1, 1053! for type 2, 10577 for type 3, and 10637 for
total virus. The titers in the European OPV were 10627 for type 1,
1055¢ for type 2, 1058 for type 3, and 1063¢ for total virus. The an-
tibody titer for type 3 in the monovalent vaccine was 10612, The
mean loss of stability, expressed as a log,, titer, was 0.71 for the U.S.
OPV, 0.07 for the European OPV, and 0.16 for the monovalent
type 3 OPV.

IPV was supplied in prefilled, single-dose syringes and shipped
from the manufacturer to Oman at 2° to 8°C with cold-chain—
monitoring cards and with monitors to detect freezing.2* The vac-
cine was stored at 2° to 8°C with both types of temperature moni-
tors; no cold-chain breaks were detected. Tests conducted by the
manufacturer showed that the lot of vaccine contained 53 D antigen
units of poliovirus type 1, 10 D antigen units of type 2, and 36
D antigen units of type 3 per dose. An independent WHO collab-
orating center confirmed the manufacturer’s results.2 Randomly
selected field samples of IPV showed no decrease in potency.

Blood specimens were collected at enrollment and 7 and 30
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days later. The serum was separated immediately, frozen, and stored
at the study site at —20°C pending shipment to the Centers for
Disease Control and Prevention (CDC), in Atlanta. The speci-
mens were tested by the CDC in triplicate with the use of modified
neutralization assays for antibody to poliovirus types 1, 2, and 3.
Serial dilutions of serum (from 1:8 to 1:1024) were incubated with
100 TCIDyq, of poliovirus types 1, 2, and 3 at 36°C for three hours.
HEp-2 (C) cells (1X10* to 2X10%) were then added to each well.
The results of serologic tests are reported as titers of diluted serum
that exhibited 50 percent neutralization.

Seropositivity was defined as a titer of 1:8 or higher.2” A second-
ary immune response was defined as a titer of 1:8 or higher in serum
obtained seven days after vaccination in infants with no detectable
antibody (<1:7) at enrollment.

A follow-up study was performed when the infants were 15
months of age to assess the persistence of poliovirus neutralizing
antibody and to measure indirectly the intestinal (mucosal) immu-
nity to poliovirus type 3 induced by the three vaccines, with the use
of a challenge dose of monovalent type 3 OPV (TCIDj,, 10612).
Blood specimens were collected at 15 months and 30 days later.
Neutralizing antibody was measured by the CDC. Stool specimens
were collected when the infants were 15 months of age (before the
administration of the challenge dose of monovalent type 3 OPV)
and 7 days later. Aliquots of stool were stored at —20°C and shipped
on dry ice to the Regional Virus Laboratory, Ruchill Hospital, Glas-
gow, United Kingdom. Stool specimens were examined for the pres-
ence of poliovirus according to standard procedures established by
the WHO.28

Statistical Analysis

After adjustment for the estimated proportion of seronegative
infants (30 percent), we determined that a sample of at least 640
infants (160 in each of the four study groups) was needed to de-
tect an increase in the seroprevalence of type 3 poliovirus that was
at least 35 percent higher among the infants who received IPV or
monovalent type 3 OPV than among those who received Euro-
pean OPV (with an alpha level of 0.05 and a beta level of 0.20
by a two-tailed test).

Statistical analyses were performed with the use of SAS soft-
ware.? Comparisons of seroprevalence were performed with chi-
square tests. Two-sided P values are reported. Because there were
multiple comparisons among the four vaccination groups, a P value
of 0.01 or less was considered to indicate statistical significance.
Antibody titers were compared with the use of the Kruskal-Wallis
nonparametric test.

RESULTS
Infants

A total of 1025 infants were enrolled in the study.
Twenty-five infants (2.4 percent) were not seen at
one or both visits during the 30-day period after
vaccination. A total of 215 infants (21.5 percent) were
excluded from the analysis because an insufficient
quantity of serum was obtained at one or more visits.
Complete data were thus available for 785 infants
who participated in the initial study (76.6 percent)
(Table 1). For the follow-up study, complete data were
available for a total of 597 infants (i.c., data were avail-
able from all six visits, with a sufficient quantity of se-
rum obtained at each visit).

Immunogenicity at Nine Months

At enrollment, the seroprevalence of poliovirus
types 1, 2, and 3 was 96.8, 98.0, and 88.0 percent, re-
spectively; the corresponding median titers were 1:724,
1:1152, and 1:227 (Table 2). The seroprevalence did
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TABLE 1. INFANTS PARTICIPATING IN THE INITIAL AND FOLLOW-UP
STUDIES, ACCORDING TO THE STUDY SITE.

SEEB IBRA Nizwa
RovaL  HeaLTH REGIONAL  REGIONAL
STuDY HospitaL CEnTER  HospitaL  HospitAL ToTAL

no. of infants

Initial
Visit 1 (at 9 mo) 275 200 275 275 1025
Visit 2 (7 days later) 267 199 271 271 1008
Visit 3 (30 days later) 262 198 271 269 1000
Complete data* 214 151 216 204 785
Follow-up
Visit 4 (at 15 mo) 209 183 258 257 907
Visit 5 (7 days later) 208 183 257 256 904
Visit 6 (30 days later) 201 177 256 253 887
Complete datat 143 114 173 167 597

*The numbers shown are the numbers of infants seen at all three visits,
with sufficient serum obtained at each visit to test the sample in triplicate.

tThe numbers shown are the numbers of infants seen at all six visits,
with sufficient serum obtained at each visit to test the sample in triplicate.

not differ significantly according to the study site for
type 1 (95.8 to 98.5 percent) or type 2 (97.1 to 98.6
percent). However, the seroprevalence of type 3 was
lower in infants at the Ibra Regional Hospital (80.7
percent) than for those at the other three sites (89.4
to 92.1 percent, P=0.04); the median antibody titer
was also lower in Ibra (Table 2).

After randomization, the base-line seroprevalence
ranged from 96.0 to 97.6 percent for type 1 poliovirus,
from 96.6 to 99.4 percent for type 2, and from 83.8
to 93.2 percent for type 3 (Table 3). The base-line
seroprevalence of type 3 in the group of infants who
received U.S. OPV was significantly lower than that
in the group who received monovalent type 3 OPV
(83.8 percent vs. 93.2 percent, P=0.005) but did not
differ significantly from the seroprevalence among the
infants who received IPV or European OPV.

At the 30-day visit, the seroprevalence did not dif-
fer significantly from the base-line values for polio-
virus type 1 (an absolute increase of 1.5 to 2.4 per-
cent) and type 2 (a change of —1.1 to 3.4 percent) in
the three groups of infants who received vaccines con-
taining all three viral serotypes. However, there were
significant increases in the median antibody titer. The
median titer of antibody against poliovirus type 1 in-
creased from 1:576 at base line to 1:1448 or higher
at 30 days in the group that received IPV, from 1:724
to 1:910 in the group that received US. OPV, and
from 1:910 to 1:1152 in the group that received Eu-
ropean OPV, with smaller increases in the titer of an-
tibody against poliovirus type 2 in the IVP group and
the U.S.-OPV group (from 1:1152 to =1:1448 and
from 1:910 to 1:1152, respectively). Since serum was
not tested at dilutions greater than 1:1028, the high-
est reportable titer was 1:1448 or higher.

TABLE 2. BASE-LINE SEROPREVALENCE OF AND MEDIAN SERUM
ANTIBODY TITER FOR POLIOVIRUS TYPES 1, 2, AND 3,
ACCORDING TO THE STUDY SITE.*

SEEB IBRA Nizwa
RovaL HeaLTH  REGIONAL REGIONAL
HospitaL  CenTeER  HospitaL  HospitAL  ToTAL

PoLiovirus TYPE (N=214) (N=151) (N=216) (N=204) (N=785)

Type 1
Seroprevalence (%) 96.7 96.0 95.8 98.5 96.8
Antibody titer 1:910 1:724 1:576 1:576  1:724
Type 2
Seroprevalence (%) 98.6 98.0 97.1 98.0 98.0
Antibody titer 1:1152  1:1152  1:1152 1:1152 1:1152
Type 3
Seroprevalence (%) 92.1 89.4 80.7F 90.2 88.0
Antibody titer 1:288 1:227 1:114 1:227  1:227

*Seropositivity was defined as an antibody titer of 1:8 or higher.

tThe seroprevalence of type 3 was significantly lower at the Ibra Region-
al Hospital than at the Royal Hospital (P=0.001), Seeb Health Center
(P=0.04), or Nizwa Regional Hospital (P=0.01).

The seroprevalence of poliovirus type 3 increased
significantly in the group that received IVP (from
87.8 percent at base line to 97.1 percent at 30 days,
P<0.001); increased, but not significantly, in the
group that received U.S. OPV (an absolute increase of
2.1 percent) and the group that received European
OPV (0.6 percent); and decreased slightly in the group
that received monovalent type 3 OPV (—1.0 percent).
The median titer of antibody against poliovirus type 3
increased significantly, from 1:228 to 1:1448 or high-
er (P<<0.001), in the IPV group but did not change
significantly in the other groups.

Among the infants who were seronegative at enroll-
ment for type 1 (25 infants), type 2 (16), or type 3
(94), the rate of seroconversion at 30 days was 100
percent, 100 percent, and 76 percent, respectively,
among those who received IPV and 37.5 percent,
33.3 percent, and 12.5 percent, respectively, among
those who received U.S. OPV. In the group that re-
ceived European OPV, the seroprevalence for types
1, 2, and 3 was 60 percent, less than 0 percent (99.4
percent at base line and 98.3 percent 30 days later),
and 4.3 percent, respectively. In the group that re-
ceived monovalent type 3 OPV, the seroprevalence
was less than 0 percent (96.6 percent at base line and
96.1 percent 30 days later), 0 percent, and less than
0 percent (93.2 percent at base line and 92.2 per-
cent 30 days later) for the three types, respectively.

Characterization of the Inmune Response

In the group of infants who received IPV, the me-
dian titers of antibody against poliovirus types 1, 2,
and 3 were already at the maximal level of detection
at the seven-day visit (Table 3), suggesting that sec-
ondary immune responses had occurred. There were
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TABLE 3. SEROPREVALENCE OF AND MEDIAN SERUM ANTIBODY TITER FOR POLIOVIRUS
Types 1, 2, AND 3, ACCORDING TO THE STUDY GROUPD.*

PoLiovirus TYPE AND IPV
Time oF TESTING (N=205)
Type 1
9-Mo visit
Seroprevalence (%) 97.6 96.0
Antibody titer 1:576
7 Days later
Seroprevalence (%) 99.5 97.0
Antibody titer 1:>1448
30 Days later
Seroprevalence (%) 100.0 97.5
Antibody titer 1:>1448
Type 2
9-Mo visit
Scroprevalence (%) 96.6 97.0
Antibody titer 1:1152
7 Days later
Scroprevalence (%) 99.5 98.0
Antibody titer 1:>1448
30 Days later
Scroprevalence (%) 100.0 98.0
Antibody titer 1:>1448
Type 3
9-Mo visit
Seroprevalence (%) 87.8
Antibody titer 1:228 1:181
7 Days later
Seroprevalence (%) 97.6 83.8
Antibody titer 1:>1448%t 1:181
30 Days later
Seroprevalence (%) 97.1% 85.9
Antibody titer 1:>1448 1:181

U.S. OPV

(N=198)

1:724

1:724

1:910

1:910

1:1152

1:1152

83.8t

EUROPEAN MONOVALENT
OPV TypE 3 OPV TotAL
(N=177) (N=205) (N=785)
97.2 96.6 96.8
1:910 1:910 1:724
97.7 95.6 97.5
1:1097 1:724 1:1152
98.9 96.1 98.1
1:1152 1:724 1:1152
99.4 99.0 98.0
1:>1448 1:1152 1:1152
98.3 99.0 98.7
1:>1448 1:1152 1:>1448
98.3 99.0 98.9
1:>1448 1:1152 1:>1448
87.0 93.2 88.0
1:228 1:228 1:228
86.4 91.7 90.1
1:288 1:228 1:455
87.6 92.2 90.8
1:288 1:288 1:576

*Seropositivity was defined as an antibody titer of 1:8 or higher. IPV denotes inactivated-poliovirus

vaccine, and OPV oral poliovirus vaccine.

1P=0.005 for the comparison with the base-line value in the monovalent type 3 OPV group.

$P<0.001 for the comparison with the base-line value in the IPV group.

less dramatic increases in the titers of antibody against
types 1 and 2 in the group that received U.S. OPV
and in the titer of antibody against type 1 in the group
that received European OPV.

Persistence of Neutralizing Antibody

The follow-up study included 597 infants — those
for whom complete data were available with valid se-
rologic results (Table 1). In the group of infants who
received monovalent type 3 OPV, the median anti-
body titer for each poliovirus type declined until the
visit at 15 months (when a challenge dose was admin-
istered). Among the infants who received U.S. or Eu-
ropean OPV, the titers of antibody against poliovirus
types 1 and 2 increased, whereas the titer of antibody
against type 3 gradually decreased. In the group of
infants who received IPV, antibody titers for all three
poliovirus types were at the highest detectable level
(=>1:1448) during the first 30 days. The titer of an-
tibody against poliovirus type 3 remained signifi-
cantly higher in the group of infants who received

770 - September 14, 2000

IPV than in the other three groups throughout the
study period (Fig. 1).

Excretion of Challenge Virus

Mucosal immunity was assessed by administering
a challenge dose of poliovirus type 3 (monovalent
type 3 OPV) at the 15-month visit. Stool specimens
were collected immediately before the challenge and
seven days afterward. Children who excreted polio-
virus just before the challenge were excluded from the
post-challenge analysis. Overall, 33.6 percent of the
infants excreted virus, including poliovirus type 3
(13.2 percent), nonpoliovirus enterovirus (14.5 per-
cent), and adenovirus (4.4 percent) (Table 4). There
were no significant differences in the rate of excre-
tion of poliovirus type 3 among the study groups.

DISCUSSION

Immunity to poliovirus type 3 is suboptimal in in-
fants in many developing countries. Our multicenter
study in Oman was designed to determine whether
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Figure 1. Median Serum Titers of Poliovirus Type 3 Antibody
over Time in Infants in Oman Who Were Given a Supplemental
Dose of Poliovirus Vaccine at Nine Months of Age, According
to the Type of Vaccine.

Only the 597 infants for whom valid serologic results were
available for all six visits were included in the analysis. The
I bars indicate 95 percent confidence intervals for median se-
rum antibody titers in the group of infants who received inacti-
vated-poliovirus vaccine (IPV) and upper 95 percent confidence
limits in the group that received monovalent type 3 oral polio-
virus vaccine (OPV). The antibody titer was 1:1448 or higher in
116 of the infants in the IPV group at 7 days and in 117 at 30
days. The 95 percent confidence intervals for the median titers
in the IPV group at 7 and 30 days were therefore equal to the
point estimates (i.e., =1:1448).

a supplemental dose of one of four poliovirus vaccines
would improve immunity. Several of our findings have
implications for the global initiative to eradicate polio.
We found that monovalent type 3 OPV was no more
effective than trivalent OPV in inducing a type-spe-
cific antibody response. The immunogenicity of U.S.
OPV appeared to be similar to that of European OPV;
however, IPV was significantly more immunogenic
than either OPV or monovalent type 3 OPV and was
associated with a particularly high seroprevalence and
high median titer of antibody against poliovirus type
3. The majority of infants who were initially seroneg-
ative for poliovirus type 3 had secondary immune re-
sponses to the supplemental dose of IPV.
Monovalent vaccines are more effective in induc-
ing a primary immune response than trivalent OPV,
which requires a balanced formulation with a high lev-
el of potency for each poliovirus type and additional
doses to match the performance of monovalent OPV.30
Many reports from the late 1950s and ecarly 1960s
suggest that one dose of monovalent OPV induces
a type-specific seroconversion level higher than 90
percent.3135 We gave monovalent type 3 OPV to in-
fants who had received five previous doses of OPV.
Our findings suggest that in OPV-vaccinated infants,
most of whom have received multiple doses of OPYV,

TABLE 4. EXCRETION OF VIRUS IN STOOL SPECIMENS OBTAINED
AFTER A CHALLENGE DOSE OF PoLIOVIRUS TYPE 3.

SEEB IBRA Nizwa
RovaL HEALTH ReGIONAL  REGIONAL
HospITAL CENTER HospitAL  HosPITAL ToTAL
VIRus (N=203) (N=172) (N=266) (N=254) (N=895)
no. of infants (%)
Poliovirus 0 1(<1) 0 1(<1) 2 (<1)
type 1
Poliovirus 0 0 2(<1) 10(4) 12 (1)
type 2
Poliovirus 30 (15) 33 (19) 32 (12) 23 (9) 118 (13)
type 3
Nonpoliovi- 16 (8) 19 (11) 47 (18) 48 (19) 130 (15)
rus entero-
virus
Adenovirus 15 (7) 8(5) 7 (3) 9 (4) 39 (4)
None 142 (70) 111 (65) 178 (67) 163 (64) 594 (66)

monovalent vaccines offer no advantage over OPV
in raising the level of immunity.

Some investigators have suggested that the OPV
produced in the United States is more immunogenic
than the OPV produced elsewhere, because it is for-
mulated to contain more virus.¢ U.S. OPV is admin-
istered in single-dose dispensers with a larger volume
(0.5 ml) than the standard dose of OPV used in other
countries (0.1 ml). Furthermore, U.S. OPV is stabi-
lized with sorbitol, whereas European OPV is stabi-
lized with magnesium chloride. In our study, however,
independent testing showed no differences in the po-
tency of the two OPV formulations. In addition, there
were no differences in their efficacy either in inducing
a type-specific antibody response or in raising anti-
body titers in infants with detectable antibody levels.

The efficacy of IPV, a parenteral vaccine, was not
affected by the mucosal immunity induced by previous
doses of OPV. We found that a booster dose of IPV
provided excellent immunogenicity in infants in a de-
veloping country, confirming the results of other stud-
ies.22:36 I[PV may be less immunogenic in the first sev-
eral months of life, when the infant still has maternal
antibody, than later in infancy.2! Thus, in developing
countries, routine use of IPV in early infancy may not
be warranted, but a single dose of IPV given later in
the first year of life (when maternal antibody has dis-
appeared) could substantially increase the level of im-
munity to all three types of poliovirus, and especially
type 3.21

Among the infants in our study who had no de-
tectable antibody at base line, all those who received
IPV had secondary responses (i.e., detectable antibody
seven days after vaccination). This is an unexpected
finding, and it suggests that priming had already been

Volume 343 Number 11 - 771

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



The New England

Journal of Medicine

induced by the initial series of vaccinations in these
infants but that they either had no antibody or had
titers below the cutoff level of 1:8. The secondary
responses are consistent with the results in the entire
group of infants who received OPV, in whom a sup-
plemental dose of OPV did not result in significant
increases in seroprevalence and resulted in only mod-
erately increased antibody titers.

We assessed mucosal immunity by administering a
challenge dose of monovalent type 3 OPV six months
after the supplemental dose of vaccine had been ad-
ministered. In previous studies, the challenge virus
was poliovirus type 1213740 or trivalent OPV#! and the
challenge dose was administered within one to three
months after the last dose of vaccine. After the ad-
ministration of a challenge dose of 1012 TCID,, of
monovalent type 3 OPV, there were no significant
differences in the excretion of poliovirus type 3 among
our four study groups.

Our study had limitations. Because we did not assess
mucosal immunity directly, we can only make infer-
ences about mucosal immunity from serologic and
excretion data, and the results should therefore be in-
terpreted with caution. Previous reports suggest that
priming occurs after vaccination, even in the absence
of circulating antibody.#> We do not know the sensi-
tivity or specificity of our definition of a secondary im-
mune response.

The results of our study have implications for the
initiative to eradicate poliomyelitis throughout the
world by the end of this year or as soon as possible
thereafter. The eradication strategies, including the
achievement of a high level of routine immunization
coverage, the administration of supplemental doses
of vaccine during national immunization days to re-
duce widespread circulation of poliovirus, house-to-
house vaccination campaigns when the circulation of
virus has become focal, and the establishment of a
sensitive system of surveillance for poliovirus, appear
to be successful.#3# The results of our study support
the use of a supplemental dose of IPV at nine months
of age after a routine primary series of vaccinations
with OPV in infants in developing countries, partic-
ularly in areas where vaccination coverage is high
(>90 percent of infants). However, the cost effec-
tiveness of this strategy must be determined before
it can be adopted as a policy. Once poliovirus has been
eliminated in a country or region, the use of IPV may
provide a benefit similar to that of national immuni-
zation days, in terms of individual protection, and
thus may help maintain a high level of immunity in
the population until programs of poliovirus vaccina-
tion can be terminated throughout the world.

Supported by the Department of Vaccines and Other Biologicals, World
Health Organization (Geneva). Wyeth—Lederle Vaccines and Pediatrics
(St. Davis, Pa.), SmithKline Beecham (Rixensart, Belgium), and Pasteur
Mérieux Serums et Vaccins (Lyons, France) provided the study vaccines
free of charge.
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