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ABSTRACT

BACKGROUND
From the Pedro Kouri Institute, Havana To reduce the costs of maintaining a poliovirus immunization base in low-income
(SR, M.D., LS., GG, MF, LHH) and  greas we assessed the extent of priming immune responses after the administra-
the Provincial Health Office, Camagiiey . £i . d poliovi . PV
(AT. N.A) — both in Cuba; the World tion of inactivated poliovirus vaccine (IPV).

Health Organization, Geneva (R.W.S,,

A.-LK.,A.B., R.B.A); and the Pan Ameri- METHODS

can Health Organization, Washington, DC -~ We compared the immunogenicity and reactogenicity of a fractional dose of IPV
U-M.L). Address reprint requests to Dr. (o £ith of a full dose) administered intradermally with a full dose administered
Sutter at 20 Ave. Appia, CH-1211 Geneva | K R
27, Switzerland, or at sutterr@who.int.  intramuscularly in Cuban infants at the ages of 4 and 8 months. Blood was collected
N Engl) Med 2013:363:416.24, from mfanFs at the ages of 4 montl;s, 8 r_nonths, 8 mopths 7 da)_fs, and 8 months 30 days
DOI: 10.1056/NEJMoal202541 to assess single-dose seroconversion, single-dose priming of immune responses, and

Copyright © 2013 Massachusetts Medical Society. two-dose seroconversion. Specimens were tested with a neutralization assay.

RESULTS

A total of 320 infants underwent randomization, and 310 infants (96.9%) fulfilled the
study requirements. In the group receiving the first fractional dose of IPV, serocon-
version to poliovirus types 1, 2, and 3 occurred in 16.6%, 47.1%, and 14.7% of par-
ticipants, respectively, as compared with 46.6%, 62.8%, and 32.0% in the group
receiving the first full dose of IPV (P<0.008 for all comparisons). A priming immune
response to poliovirus types 1, 2, and 3 occurred in 90.8%, 94.0%, and 89.6% of
participants, respectively, in the group receiving the fractional dose as compared
with 97.6%, 98.3%, and 98.1% in the group receiving the full dose (P=0.01 for the
comparison with type 3). After the administration of the second dose of IPV in the
group receiving fractional doses, cumulative two-dose seroconversion to poliovirus
types 1, 2, and 3 occurred in 93.6%, 98.1%, and 93.0% of participants, respectively,
as compared with 100.0%, 100.0%, and 99.4% in the group receiving the full dose
(P<0.006 for the comparisons of types 1 and 3). The group receiving intradermal
injections had the greatest number of adverse events, most of which were minor in
intensity and none of which had serious consequences.

CONCLUSIONS
This evaluation shows that vaccinating infants with a single fractional dose of IPV can
induce priming and seroconversion in more than 90% of immunized infants. (Fund-
ed by the World Health Organization and the Pan American Health Organization;
Australian New Zealand Clinical Trials Registry number, ACTRN12610001046099.)
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N 1988, THE WORLD HEALTH ASSEMBLY RE-

solved to eradicate poliomyelitis globally by

the year 2000.* Although substantial progress
toward the eradication goal has been achieved, by
the end of 2010,2 poliovirus types 1 and 3 contin-
ued to circulate in four countries in which polio-
myelitis is endemic, and periodic importations
led to epidemic spread in more than 20 countries
in 2009 and 2010.>> Concurrently, progress in
India suggested that interruption of transmis-
sion might be feasible in 2011,° and indeed, no
cases of infection with wild-type poliovirus have
been reported in India since January 13, 2011.7

In tandem with these eradication efforts, the
planning for the posteradication era began more
than a decade ago. The most important goal — to
cease use of the oral poliovirus vaccine (OPV) af-
ter the eradication of wild-type poliovirus — was
suggested in 19972 and formally endorsed by tech-
nical oversight committees in 2004° and 2008.1°
The prerequisites for OPV cessation have been re-
ported,* the vaccination options have been iden-
tified,’? and the risks of paralytic disease from
poliomyelitis after cessation of the OPV have been
broadly defined.!3

In 2008, the World Health Assembly asked the
World Health Organization (WHO) to “develop
appropriate strategies and products for managing
risks, including safer processes for IPV [inacti-
vated poliovirus vaccine] production and affordable
strategies for its use.”** A number of strategies
intended to make IPV affordable in developing
countries are being evaluated, including schedule
reduction (administration of fewer doses), dose
reduction (the use of fractional-dose IPV), antigen
reduction (with the use of traditional and novel
adjuvants), optimization of production processes
(increases in cell density, use of new cell lines,
and use of alternative inactivation agents), and
production of Sabin-IPV in developing coun-
tries.’>'” The schedule-reduction approach, in
which two doses of IPV are administered, has
been evaluated in multiple studies,'® which sug-
gest that two doses of IPV could induce serocon-
version to all three poliovirus serotypes in more
than 90% of those vaccinated, provided that an
appropriate schedule is followed (i.e., the first
dose is not administered before 2 months of age,
and the interval between the doses is 2 months
or more).

Given that the immunogenicity of IPV is great-
ly affected by maternally derived antibodies,'9:2°

we conducted a two-dose trial of fractional as
compared with full-dose IPV administered in
infants at the ages of 4 and 8 months.2%:22 Given
the interest in further reducing the costs of IPV
use, we also evaluated immune responses after one
dose. We chose Cuba as the trial site because
oral poliovirus vaccine (OPV) is used only twice a
year in national campaigns (usually February and
April) in Cuba, thereby minimizing the exposure
of the study population to the Sabin virus.?3

METHODS

STUDY DESIGN
We conducted a randomized, controlled clinical
trial in which laboratory investigators were un-
aware of group assignments. Investigators at study
sites were aware of group assignments, since dif-
ferent methods were used to administer each vac-
cine type (intradermal injection for the fractional
dose and intramuscular injection for the full
dose). The field work was conducted between July
6, 2009, and January 28, 2009, at 13 vaccination
sites in 4 districts of Camagiiey Province, Cuba.
We had three specific objectives: first, to compare
humoral antibody responses (seroconversion and
antibody titer) after administration of two fraction-
al doses of IPV or two full doses of IPV, the first
at 4 months of age and the second at 8 months of
age; second, to evaluate the dose-specific immune
responses, including one-dose priming immune
responses; and third, to determine what adverse
events would follow the fractional-dose vaccina-
tion as compared with the full-dose vaccination.
(For full details of the study design, see the pro-
tocol, available with the full text of this article at
NEJM.org.)

STUDY POPULATION
Recruitment took place during the routine im-
munization visit at 2 months of age, at which
time the parent or legal guardian was informed
about the study and invited to participate. Partici-
pation was contingent on provision of informed
consent by the parent or guardian, an Apgar score
of 9 or more at 5 minutes (according to a review
of records), a birth weight of 2.5 kg or more (ac-
cording to records), a medical examination sug-
gesting that the infant was healthy and breast-fed,
and a weight for height above the 10th percentile
on a growth chart at the age of 4 months. If an
infant’s weight for height fell below the 10th per-
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centile on the growth curve during the study pe-
riod, the infant was withdrawn from the study.

STUDY OVERSIGHT
The study was approved by the Cuban National
Regulatory Agency and Ministry of Health; the
institutional review board of the Pedro Kouri In-
stitute, in Havana, Cuba; the ethical review com-
mittees of the Camagitiey Provincial Health Office,
in Cuba; and the WHO, in Geneva. The study was
carried out in compliance with Good Clinical
Practice guidelines. All the authors vouch for the
completeness and accuracy of the data and analy-
ses presented and for the fidelity of the study re-
port to the protocol. All study vaccines were do-
nated by Netherlands Vaccine Institute (NVI). NVI
had no role in the study design or implementation,
data analysis, or manuscript preparation or the de-
cision to submit the manuscript for publication.

STUDY PROCEDURES
Infants born during either March or April 2009 in
the participating health center catchment areas
were eligible for participation. These infants were
randomly assigned to receive either a fractional
dose of IPV (0.1 ml, or one fifth of the full dose)
or a full dose at the ages of 4 and 8 months. Ran-
domization was performed by having parents draw
sealed envelopes containing the group assignment
just before administration of the first vaccine dose
and after a pediatrician’s evaluation to determine
whether the infant met the inclusion criteria.
The vaccines (produced by NVI) were formu-
lated to contain at least 32-D, 8-D, or 40-D anti-
gen units of poliovirus serotypes 1, 2, and 3,
respectively, and were shipped in appropriate
cold-chain conditions from the manufacturer to
Havana. They were administered intradermally
with a needle-free device (Biojector 2000, Bioject
Medical Technologies) or intramuscularly with an
“auto-disable” syringe and needle. The needle-
free device was approved by the U.S. Food and
Drug Administration for intramuscular and sub-
cutaneous administration and on a case-by-case
base for investigational intradermal administra-
tion with the use of a spacer. The device has
been used previously to administer fractional-
dose IPV?223 and was approved by the Cuban
Medical Device Agency for use in this study.
After each vaccination, the infants were mon-
itored for 60 minutes for immediate adverse

events and were also evaluated by qualified medi-
cal staff during home visits at 24 and 48 hours.
Adverse events were classified as minor, moderate,
or severe in intensity and as serious or not seri-
ous in consequence. No other vaccines were ad-
ministered concurrently with or for an interval
of 2 weeks before or after each IPV vaccination.
Blood specimens were collected at 4 months
(baseline), at 8 months, at 8 months 7 days, and at
8 months 30 days. An automated, single-use, heel-
stick device (Tenderfoot, International Technidyne)
was used to collect the specimens. After coagula-
tion, the serum was separated, frozen, and stored
at the study site at —20°C until transport to the
Pedro Kouri Institute. The specimens were test-
ed in triplicate with a modified neutralization
assay for antibodies to poliovirus types 1, 2, and
3.2425 The starting dilution was a reciprocal titer
of 8. Seropositivity (a detectable antibody level)
was defined as a reciprocal titer of 8 or more.2®
Seroconversion was defined as an increase in the
antibody titer that was four times as high as the
baseline titer. Participants who did not meet this
criterion for seroconversion were also evaluated
for seroconversion on the basis of an increase in
the antibody titer that was at least four times as
high as the expected value of the decline in ma-
ternally derived antibodies. The half-life of anti-
body decay was assumed to be 30 days.2° For
infants whose blood was seronegative, a change
to seropositive status in a successive specimen
(i.e., a reciprocal titer of 8 or more) was consid-
ered to indicate seroconversion. The definition of
a priming immune response was the absence of
seroconversion after the first dose of IPV and an
antibody titer at 8 months 7 days that was four
times as high as the titer at 8 months, or a non-
detectable reciprocal titer at 8 months and a de-
tectable reciprocal titer at 8 months 7 days.?”

STATISTICAL ANALYSIS
We calculated that a minimum of 138 partici-
pants in each of the two study groups would be
needed to detect a difference of 20% or more, at
an alpha level of 0.05 and a beta level of 0.10
(two-tailed test). For those calculations, we as-
sumed seroconversion end points of 40% and 60%
for the fractional-dose and full-dose groups, re-
spectively. To account for attrition, we increased
the sample size to 160 per group.

Statistical analyses were performed with the
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use of statistical packages from the R Foundation
for Statistical Computing?® and the SAS Institute
(version 6.4).2° Comparisons of the proportions
of infants with seroconversion in the study groups
were conducted with the use of chi-square tests
(with the Yates-corrected test, or with Fisher’s
exact test if the number of data in a cell was 5 or
less). The differences in the distribution of anti-
body titers were tested with the Kolmogorov—
Smirnov nonparametric method.3° The 95% con-
fidence intervals for median values were derived
by means of simulation.3* A single post hoc sub-
group analysis was conducted.

RESULTS

STUDY POPULATION
A total of 320 participants underwent randomiza-
tion, and 310 participants (96.9%) completed the
study (Fig. S1 in the Supplementary Appendix,
available at NEJM.org). Among the 10 participants
who did not complete the study, 3 were in the
fractional-dose group and 7 were in the full-dose
group. The reasons for withdrawal or exclusion
were as follows: 3 participants moved out of the
study area, 1 had a respiratory illness, and 6 had
evidence of exposure to OPV through contact
with close relatives who had been vaccinated dur-
ing the February and March 2009 campaigns.

After randomization, the baseline attributes,
type-specific seroprevalence, and poliovirus anti-
body titers of the two study groups were similar
except with regard to the seroprevalence compari-
son for poliovirus type 2 (P=0.002). Poliovirus se-
roprevalence in the fractional-dose and full-dose
groups was 29.3% and 33.3% for type 1, 34.4
and 46.4% for type 2, and 8.3% and 9.2% for
type 3, respectively (Table 1).

CHANGES IN IMMUNITY
After a single dose of IPV, seroconversion to polio-
virus types 1, 2, and 3 occurred in 16.6%, 47.1%,
and 14.7% of infants in the fractional-dose group
and in 46.6%, 62.8%, and 32.0% of infants in the
full-dose group, respectively (P<0.008 for all com-
parisons). The definition of a priming immune
response to poliovirus types 1, 2, and 3 was met
in 90.8%, 94.0%, and 89.6% of infants in the
fractional-dose group and 97.6%, 98.3%, and 98.1%
of those in the full-dose group, respectively; only
the between-group comparison for poliovirus

Table 1. Baseline Characteristics of the Study Participants.*

Fractional Dose of IPV
(N=157)

82 (52.2)
3.40 (3.35 t0 3.50)

Variable
Male sex — no. (%)
Median birth weight (95% CI) — kg
Poliovirus type 1
Seroprevalence — no. (%)

Median reciprocal titer (95% Cl)

46 (29.3)
<8 (<8 to <8)
Poliovirus type 2

Seroprevalence — no. (%) 54 (34.4)
Median reciprocal titer (95% Cl) 7 <8 (<8 to <8)
Poliovirus type 3

Seroprevalence — no. (%) 13 (8.3)

Median reciprocal titer (95% Cl) <8 (<8 to <8)

Full Dose of IPV
(N=153)

87 (56.9)
3.42 (3.40t0 3.54)

51 (33.3)
<8 (<8 to <8)

71 (46.4)
<8 (<8 to <8)

14 (9.2)
<8 (<810 8)

3

None of the between-group differences were significant except for the comparison

of poliovirus type 2 seroprevalence (P=0.002 by a Yates-corrected chi-square test).
Seroprevalence was defined as an antibody titer of at least 1:8. IPV denotes

inactivated poliovirus vaccine.

T The median titer and corresponding 95% confidence interval (Cl) are below or
above observed dilution ranges (i.e., reciprocal titer, 8 to 1224).

type 3 was significant (P=0.01). The cumulative
rates of seroconversion to poliovirus types 1, 2,
and 3 after two doses of IPV were 93.6%, 98.1%,
and 93.0% in the fractional-dose group and
100%, 100%, and 99.4% in the full-dose group,
respectively (P<0.006 for the between-group com-
parisons of types 1 and 3); the between-group
differences in the rates of cumulative seroconver-
sion after two doses for the various vaccines were
as follows: 6.4 percentage points for type 1 (95%
confidence interval [CI], 2.0 to 11.7), 1.9 percent-
age points for type 2 (95% CI, —1.5 to 5.9), and
6.4 percentage points for type 3 (95% CI, 1.6 to
11.9) (Table 2).

The median reciprocal antibody titers against
poliovirus type 1 in the two groups were similar
at 4 months (<8) and remained lower than 8 or
increased marginally (to 11) at 8 months. How-
ever, at 8 months 7 days, the titers in both groups
showed a robust increase (to 713 in the fractional-
dose group and to 1448 or higher in the full-
dose group, P<0.001); the titers remained rela-
tively stable at 8 months 30 days (450 in the
fractional-dose group and 1448 or higher in the
full-dose group, P<0.001). Similarly, the median
reciprocal antibody titers against poliovirus
type 2 were similar at 4 months (<8), increased
at 8 months to 9 in the fractional-dose group
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Vaccine for Poliovirus Types 1, 2, and 3.*

Table 2. Rates of Seroconversion and Priming Immune Response after One or Two Doses of Inactivated Poliovirus

Immune Response (N=157)

Poliovirus type 1

Poliovirus type 3
Seroconversion after first dose

Priming response

Seroconversion after second dose

Cumulative seroconversion

Fractional IPV Dose

no. /total no. (%)

Seroconversion after first dose 26/157 (16.6) 71/153 (46.4)  <0.001 29.8 (19.2 to 39.6)
Priming response 119/131 (90.8) 80/82 (97.6) 0.1 8 (-1.3t013.7)
Seroconversion between visits 3 and 4 2/12 (16.7) 2/2 (100) 0.13 83.3 ( -3.2t097.1)
Seroconversion after second dose 121/131 (92.4) 82/82 (100) 0.01 .6 (0.9 to 14.0)
Cumulative seroconversion 147/157 (93.6) 153/153 (100) 0.002 4(2.0to 11.7)
Poliovirus type 2

Seroconversion after first dose 74/157 (47.1) 96/153 (62.7) 0.008 15.7 (4.1to0 26.6)
Priming response 78/83 (94.0) 56/57 (98.2) 0.42 3 (-5.4t012.5)
Seroconversion between visits 3 and 4 2/5 (40.0) 1/1(100)  >0.99 60.0 (NP)
Seroconversion after second dose 80/83 (96.4) 57/57 (100) 0.41 .6 (-4.7 10 10.9)
Cumulative seroconversion 154/157 (98.1) 153/153 (100) 0.26 9(-1.5t05.9)

23/157 (14.6) (32.0) 173(
120/134 (89.6) (98.1) 5 (
Seroconversion between visits 3 and 4 3/14 (21.4) 1/2 (50.0) 0.90 28.6 (NP)
123/134 (91.8) (99.0) 2
146/157 (93.0) (99.3) 4

Full IPV Dose Between-Group
(N=153) P Value Difference (95% Cl)

percentage points

<0.001
0.01

49/153 (32.0
102/104 (98.1

7.5t026.9)
1.5t0 15.5)

0.018
0.006

103/104 (99.0
152/153 (99.3

0.9t013.7)
1.6t011.9)

* Seroconversion was defined as an increase in the antibody titer that was four times as high as the expected decline in
maternally derived antibodies. Cumulative seroconversion reflects the sum of the seroconversions occurring after the
first and the second dose. P values were calculated with the use of chi-square tests (with the Yates-corrected test, or
with Fisher’s exact test if the number of participants in a cell was 5 or fewer). NP denotes not presented (i.e., the num-
bers of participants in the cells were too small to calculate meaningful 95% confidence intervals).

and 28 in the full-dose group, rose at 8 months
7 days to 1448 or higher in both groups
(P<0.001), and at 8 months 30 days remained at
898 in the fractional-dose group and 1448 or
higher in the full-dose group (P<0.001). Finally,
the median reciprocal antibody titers to poliovi-
rus type 3 at 4 months and 8 months were lower
than 8 in both groups, increased at 8 months
7 days to 357 in the fractional-dose group and
to 1448 or more in the full-dose group (P<0.001),
and then decreased at 8 months 30 days to 71 in
the fractional-dose group and 898 in the full-dose
group (P<0.001) (Table 3).

Figure 1 shows median reciprocal antibody ti-
ters according to study group and seroconversion
status after the first dose of IPV at 4 months. As
expected, the median titers differed significantly
between the groups at 8 months; they did not dif-
fer significantly at 8 months 7 days or at 8 months

30 days (with the exception of the titer for polio-
virus type 2 in the fractional-dose group and for
poliovirus type 3 in the full-dose group).

ADVERSE EVENTS
Most adverse events were classified as minor in
intensity and not serious in consequence (Table 4).
Minor reactions at the injection site were frequent,
especially induration, pain, and redness. There
were 114 adverse events in the fractional-dose
group, as compared with 11 in the full-dose group.
Among the 114 adverse events in the fractional-
dose group, 84 (73.7%) were redness at the injec-
tion site, 25 (21.9%) induration at the injection
site, 3 (2.6%) a temperature of 38.5°C or higher,
and 2 other events. All injection-site reactions but
one involved an area smaller than 5 mm in diam-
eter. As expected, the prevalence of these events
in the fractional-dose group, which received in-
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tradermal injections, was significantly higher
than that in the full-dose group, which received
intramuscular injections (Table 4).

DISCUSSION

This study provides data on a priming immune
response after the administration of an initial
fractional dose of IPV and on seroconversion after
the administration of a first dose, second dose,
or cumulative two-dose schedule of IPV (4 and
8 months after birth) that may be appropriate
after wild-type poliovirus has been eradicated.
First, the study showed that after a first dose of
IPV, seroconversion and priming resulted in an
immune response in at least 90% of infants. Sec-
ond, it showed that the administration of IPV in
infants at 4 months and 8 months of age resulted
in seroconversion in more than 90% of infants,
with correspondingly high antibody titers, regard-
less of whether fractional or full doses were used.
Third, the study showed that although the median
antibody titer in both study groups was high, it was
significantly lower in the fractional-dose group at
both 7 days and 30 days after a second IPV vaccina-
tion. No serious safety problems were identified.

The primary goal of the study was to assess the
priming immune response after a single dose
of IPV. Our results suggest that 86.9% or more
of infants who did not undergo seroconversion
after a first dose of IPV did have a priming im-
mune response. The magnitude of the increase in
median antibody titers in the 7-day period after
administration of a second dose of IPV is note-
worthy, as is the decline in titers between the as-
sessments performed at 8 months 7 days and
8 months 30 days. We are not suggesting that a
priming immune response is protective against
clinical disease, but we believe that this may prove
to be the case when more data are available.

Data from one efficacy trial>? suggest that the
efficacy of a single dose of IPV is low, but the
trial had limitations. The confidence intervals for
the efficacy estimates were wide.3? On the other
hand, data from countries in which a single dose
of IPV was followed by a dose of OPV, such as
Hungary, and analyses from other countries in
which a sequential schedule was used, suggest
that a single dose of IPV has been efficacious
against vaccine-associated paralytic poliomyelitis
induced by Sabin polioviruses.3334

Table 3. Median Reciprocal Antibody Titers.*

Fractional Dose of IVP Full Dose of IVP
Visit (N=157) (N=153) P Valuef

titer (95% Cl)

Poliovirus type 1
4 mo <8 (<8 to <8) <8 (<8 to <8) NS
8 mo <8 (<8 to <8) 11 (9to 14) NS
8 mo 7 days 713 (566 to 898) % 21448 (=1448 to =1448)§ <0.001
8 mo 30 days 450 (357 to 566) 1 =1448 (=1448 to =1448)§  <0.001
Poliovirus type 2
4 mo <8 (<8 to <8) <8 (<8t09) NS
8 mo 9 (<8to11) 28 (18 to 36) NS
8 mo 7 days 21448 (21448 to =1448)9 =1448 (21448 to =1448)| <0.001
8 mo 30 days 898 (713 t0=1448)9  =1448 (21448 to =1448)| <0.001
Poliovirus type 3
4 mo <8 (<8 to <8) <8 (<8 to <8) NS
8 mo <8 (<8 to <8) <8 (<8 to <8) NS
8 mo 7 days 357 (225 to 566)** 21448 (21448 to 21448) 7 <0.001
8 mo 30 days 71 (36 to 113)** 898 (566 to =1448)§1 <0.001

Median titers and corresponding 95% confidence intervals are below or

above observed dilution ranges (i.e., reciprocal titer, 8 to 1224).

T P values were calculated in accordance with Kolmogorov—Smirnov nonpara-

metric testing of antibody titer distribution. NS denotes not significant.
P=0.001 for the within-group comparison.
P=0.02 for the within-group comparison.
P=0.004 for the within-group comparison.
P=0.30 for the within-group comparison.

* P<0.001 for the within-group comparison.

7T P=0.001 for the within-group comparison.

o

These data are particularly relevant to the
current policy discussions regarding an eventual
global switch from trivalent OPV to bivalent OPV
for both routine and supplementary immuniza-
tion. We found that for poliovirus type 2, a sin-
gle fractional dose produced seroconversion in
almost half the infants (47.1%) and a priming
response in almost all of those who did not un-
dergo seroconversion (94.0%). Furthermore, two-
dose schedules have been shown to yield sero-
conversion rates of more than 80% in studies in
Cuba and other countries, particularly when the
doses are administered at 2 and 4 months of
age.1®21,22 Our results extend these findings and
suggest that for the post-eradication era, two
doses of IPV given at the ages of 4 and 8 months
(which in our study resulted in almost 100%
seroconversion and high antibody titers in the
full-dose group, with moderately lower serocon-
version rates and significantly lower antibody ti-
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Figure 1. Median Antibody Titers at Each Study Visit According to Study
Group and Conversion Status after First Dose.

Median antibody titers are shown for type 1 poliovirus in Panel A, for type 2
poliovirus in Panel B, and for type 3 poliovirus in Panel C. I bars denote 95%
confidence intervals, and asterisks a significant difference at P<0.05.
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ters in the fractional-dose group) could provide a
lower-cost alternative to the three-dose and four-
dose schedules used currently.

This trial also expands the number of policy
options that could make IPV affordable for use in
developing countries. First, two fractional doses
of IPV administered on an appropriate schedule
(e.g., an older age at administration and a longer
interval between doses) appear to induce serocon-
version in a high proportion of vaccinees (>90%)
and would immediately reduce the cost of vacci-
nation on such a schedule from the current $6.00
per vaccinee (based on UNICEF’s IPV procure-
ment price of approximately $3.00 per dose) to
$1.20. Second, a one-dose IPV priming schedule
could further reduce the cost to 60 cents. Since
the other strategies for making IPV affordable
are expected to further reduce its price, the
WHO expects the tiered pricing of IPV for devel-
oping countries to be decreased to the break-
even price with OPV, at less than 50 cents per
immunizing dose.3537

The study has some limitations. Although
every effort was made to prevent secondary ex-
posure to the vaccine virus, we identified and
withdrew six infants because of demonstrated or
probable exposure to OPV administered during the
February and May 2009 immunization campaigns
in Cuba. One remaining issue may be uncertainty
regarding the long-term persistence of antibody
titers in developing countries. Data from indus-
trialized countries suggest that antibody titers
decline rapidly after immunization and then re-
main relatively stable for many years.3®

There were more minor adverse events associ-
ated with the use of fractional-dose IPV than with
full-dose IPV owing to the fact that the fractional
doses were administered intradermally. Previous
surveys of parents have shown that the increase in
minor local adverse events after intradermal ad-
ministration of IPV did not affect their preference
with respect to the route of administration.?%-22

Our study shows that the administration of a
single fractional dose of IPV for priming is a fea-
sible, lower-cost alternative to schedules in which
multiple full doses are used. It is also a feasible
alternative to hexavalent combination IPV vac-
cines when available for use in developing coun-
tries. A fractional dose could be administered
together with the diphtheria—tetanus toxoids and
pertussis vaccine (DTP) in infants between 4 and
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Table 4. Adverse Events.*

Event Fractional Dose of IVP (N=157) Full Dose of IVP (N=153)
Dose 1 Dose 2 Dose 1 Dose 2

number (percent)

Temperature =38.0°C 1(0.6) 2 (1.3) 2 (1.3)

Infiltration 0 1(0.6) 0

Redness 47 (30.0)% 37 (23.6)§ 3 (2.0)% 2 (1.3)§
Induration 11 (7.0)9 14 (8.9)| 2 (1.3)9 1(0.7)|
Other 1 (0.6)** 0 1(0.7)F+ 0

eter, which was classified as moderate in intensity.

Infiltration was defined as a combination of local signs and symptoms (redness, induration, pain).
P<0.001 for the between-group difference in redness after dose 1.

P<0.001 for the between-group difference in redness after dose 2.

P=0.03 for the between-group difference in induration after dose 1.

P=0.002 for the between-group difference in induration after dose 2.

Among the five infants with elevated temperatures, the temperatures were between 38.0 and 38.9°C, and the elevated
temperature was classified as moderate in intensity; all other adverse events were classified as minor, except in the
case of one infant in the fractional dose group who after the first dose had an induration measuring 0.6 mm in diam-

A

* This patient had restlessness.
i This patient had weakness.

6 months of age, or together with measles vac-
cine in infants between 9 and 12 months of age.
If full protection against poliomyelitis is needed
(e.g., if an outbreak is anticipated), a second frac-
tional dose or a full dose could be administered
rapidly in mass campaigns. This second dose
would be expected to rapidly boost antibody titers
to high levels (especially in those whose immune
system has been primed). In addition, since vac-
cine efficacy is probably dependent on antibody
production, this boost would protect individual
children from the paralytic consequences of po-
liomyelitis at an affordable cost.
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