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July 23, 2019

Siri & Glimstad LLP
200 Park Avenue
Seventeenth Floor
New York, NY 10166

In reply, refer to file: F18-6943
Dear Mr. Siri,

This is in reply to your Freedom of Information Act request dated August 22, 2018, in which you
requested “A copy of the report for each clinical trial relied upon by the FDA when approving
Ipolin 1990.” Your request was received in the Center for Biologics Evaluation and Research
on August 24, 2018.

A search of the IPOL product license application file located the enclosed documents that are
responsive to your request. Please note that we have provided you with the best available
copies of the records.

We have withheld portions of pages under Exemption (b)(4), 5 U.S.C. § 522(b)(4). That
exemption permits the withholding of trade secrets and commercial or financial information that
was obtained from a person outside the government and that is privileged or confidential. The
withholding of such information is permitted if disclosure is likely to cause substantial
competitive harm to the person who submitted the information.

In addition, we have withheld portions of pages under Exemption (b)(6), 5 U.S.C. § 522(b)(6).
That exemption protects information from disclosure when its release would cause a clearly
unwarranted invasion of personal privacy. FOIA Exemption 6 is available to protect information
in personnel or medical files and similar files. This requires a balancing of the public’s right to
disclosure against the individual’s right to privacy.

You have the right to appeal this determination. By filing an appeal, you preserve your rights
under FOIA and give the agency a chance to review and reconsider your request and the
agency’s decision.

Your appeal must be mailed within 90 days from the date of this response to:

Deputy Agency Chief FOIA Officer

U.S. Department of Health and Human Services
Office of the Assistant Secretary for Public Affairs
Room 729H

200 Independence Avenue, S.W.

Washington, DC 20201

Email: FOIARequest@PSC.hhs.gov



Please clearly mark both the envelope and your letter or email “FDA Freedom of Information
Act Appeal.”

If you would like to discuss our response before filing an appeal to attempt to resolve your
dispute without going through the appeals process, please contact:

Beth Brockner-Ryan, Branch Chief

Center for Biologics Evaluation and Research (CBER)
Access Litigation and Freedom of Information Branch
U.S. Food and Drug Administration

10903 New Hampshire Avenue

Building 71, Room 1114

Silver Spring, MD 20993-0002

Email: beth.brocknerryan@fda.hhs.gov

Main Line 240-402-7800

FOI Line 240-402-8008

You also have the right to contact:

FDA FOIA Public Liaison

Office of the Executive Secretariat
5630 Fishers Lane

Room-1050

Rockville, MD 20857

Email: FDAFOIA@fda.hhs.gov

If you are unable to resolve your FOIA dispute through our FOIA Public Liaison, the Office of
Government Information Services (OGIS), the Federal FOIA Ombudsman’s office, offers
mediation services to help resolve disputes between FOIA requesters and Federal agencies.
The contact information for OGIS is:

Office of Government Information Services
National Archives and Records Administration
8601 Adelphi Road-OGIS

College Park, MD 20740-6001

Telephone: 202-741-5770

Toll-Free: 1-877-684-6448

E-mail: ogis@nara.gov

Fax: 202-741-5769

The following may be included in a monthly invoice:

Reproduction 1CD @ $1.00 $1.00

TOTAL $1.00

The above charges may not reflect final charges for this request. Please DO NOT send any
payment until you receive an invoice from the Agency's Freedom of Information Staff (HFI-35).



If you have any questions or if we can be of further assistance, please let us know by
referencing the above file number. You can contact Mechelle Bray by phone at 240-402-8024
or by e-mail at Mechelle.Bray@fda.hhs.gov.

Sincerely,

Digitally signed by Beth A. Brockner Ryan -S
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Beth Brockner Ryan
Chief, Access Litigation and Freedom of Information Branch

U.S. Food & Drug Administration
10903 New Hampshire Avenue
Silver Spring, MD 20993
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MERIEUX INSTITUTE, INC.

April 28, 1983

John C. Petricciani, M.D.

Director

Office of Biologics HFN-800

National Center for Drugs & Biologics
8800 Rockville Pike

Bethesda, Maryland 20205

REFERENCE: 83-087
Dear Dr. Petricciani:

Enclosed is a report from Dr. A. Marshall McBean and
co-investigators on a comparison of oral and Merieux
killed polio vaccine.

The Merieux vaccine was produced from primary monkey
kidney cells, however, it was made by the same basic
methods used to produce the current polio vaccine
from VERO cells.

This data was recently presented at the International
Polio Symposium held at PAHO, Washington, D.C., March
14-17, 1983.

Because of the similarity of the final products, which
differ only in cell substrate, this data on potency

and efficacy is submitted in support of this application
under Item 26.d.

Sincerely,

: f/fﬁf“ y (:jA$~4ﬂ~ZA/“E
>4._

Pinya Cohen, Ph.D.
Vice Pregident
Quality Control

and Requlatory Affairs
FOR C. CHARBONNIER

PC (B)(6)

Attachments

1200 N.W. 78th Avenue, Suite 109 / Miami, Florida 33126 / Telephone (305) 593-9577 / Telex: 807387
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American children two months of age were randamly assigned to two groups
which received either the cammercially available oral trivelant polio vaccine
(0PV) or an injectable trivalent polio vaccine (IPV) with a confirmed minimum
D-antigen content of 27, 3.5 and 29 units for polio virus type I, II and III
respectively. Vaccine was given at 2, 4, and 18 months of age. Sera was
obtained at 2, 4, 6 months of age on 439 children and on 85 children at 18
and 20 months of age and examined for neutralizing antibodies.

The percent of children with detectable antibodies and the reciprocal
geametric mean titers (GMI's) were similar for both groups at two months of
age for all three polio types. At twenty months of age, all children but one
had detectable antibodies to all three polio types. Significantly higher GMI's
against types I and III were noted at twenty months for the IPV group.



I. Introduction

Protection of the United States population against poliomyelitis has been
greatly facilitated by the availability of two very effective and safe types
of vaccine: inactivated poliovirus vaccine (IPV) and live attenuated oral
poliovirus vaccine (OPV). During the period from 1955 to 1961, immunization
efforts using IPV were successful in reducing the number of reported paralytic
polio cases from 13,850 (7.9/100,000 population) in 1955 to 820 (0.7/100,000)
in 1961 {:IJ . In spite of fhis tremendous achievement, "The Cutter Incident"
[2] in which the virus in the IPV was not inactivated, and the contamination
of monkey kidney cells in which the IPV virus was grown by SV-40 virus which is
oncogenic in hamsters, helped create an environment in which the use of IPV was
rapidly discontinued after (OPV became available in 1962. The decision to use
OPV was also based on its ease of administration and acceptance; expected long
lasting (perhaps life-long) immunity; rapid production of bowel immunity which
could interrupt wild virus transmission, even in epidemic situations; and the
spread of OPV virus to unvaccinated persons which could induce immunity in these
people [:3,¢] . The continued reduction in the number of cases of para1ytic
disease in the era of OPV use has been reported annually by the Center for Dis-
ease Control (CDC), Atlanta, Georgia, U.S.A. By 1972, the number of cases has
been reduced to 29 per year (0.01/100,000). During the years 1973-79, 82 cases
of paralytic polio have been reported to CDC, an average of 12 cases per year.

Thus, the efficacy of both the IPV and OPV in inducing immunity and pro-
tecting recipients is well documented. However, there are reports of areas
where children were given IPV and antibody levels were detectable in only 65 to
74% of the children who had received multiple doses of IPV [:5] . For IPV, the
seroconversion rates, post-immunization titers and the duration of immunity

have been proportional to the potency of the vaccine; i.e., are dose-dependent
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[6]. Vaccine production methods reported by \of the Rijks Instituut

Voor de Volksgezondheid, Bilthoven, The Netherlands, allow for higher concen-
trations of vaccine antigens than were attainable in previous IPV.

This study will compare the immunologic response in American infants given
three doses of IPV made by the new production techniques with three doses of
commercially available OPV. Data available through February, 1983 will be
presented.

II. Materials and Methods

Participants: Children attending Well-child Clinics in Maryland were

enrolled in the study and randomly assigned to receive either the OPV or the IPV.
Children entered the study when they were between 6 and 13 weeks ("2 months") of
age, and either OPV or IPV was administered at that time. Sixty days later,
when the child was "4 months" of age, a second dose of the same vaccine was
given. A third dose of the same polio vaccine was given at "18 months" of age.
Diphtheria, Tetanus, Pertussis vaccine (DTP) and either an oral or injectable
polio placebo were administered at the same time as the polio vaccines. As
shown in Table 1, blood specimens were taken at 2, 4, 6, 18 and 20 months of age.
Vaccines: The OPV used was the commercially licensed available vaccine
manufactured by Lederle Laboratories (Wayne, New Jersey, U.S.A.). It contained

800,000 TCID., of type I, 100,000 TCID50 of type II, and 500,000 TC1050 of

50
type III per 0.5cc dose. The IPV was manufactured by the Merieux Institute
(Lyon, France). It had a minimum potency of 27 D-antigen units of type I,

3.5 D-antigen units of type II, and 29 D-antigen units of type III per 0.5cc
dose. The DTP contained “Lf of diphtheria toxoid, 5 Lf of tetanus toxoid
and 4 Units of pertussis per 0.5cc dose. The potency of the IPV, as measured
by D-antigen content, was confirmed every three months at the Rijks Instituut.

Blood Specimen Handling: After collection, blood specimens were allowed
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to clot, and the serum was drawn off. Specimens were then refrigerated and
frozen within 4 to 8 hours. They were stored at -20°C until examined in the
laboratory. Specimens were coded prior to being sent to the laboratory to
insure unbiased laboratory analysis.

Laboratory Testing: Serum polio neutralizing antibodies were measured at

the Byreau of Biologics, FDA, DHHS, Bethesda, Maryland (U.S.A.) by a virus
cytopathic effect (CPE) neutralization test in microtiter trays (96 well, flat-
bottomed, Microtest 11, Falcon, Oxnard, CA). Each day a known serum prepared

by the Rijks Instituut for each polio type was tested with the experimental

sera. A conversion factor was then calculated to convert the observed reciprocal
of the serum dilution which neutralized CPR in 50% of the wells to International
Units (IU).

III. Results

Of the 558 children enrolled in the study to date, serum specimens from
484 have been analyzed for neutralizing antibodies. Of the 119 children not
included in the analysis, 103 have been l1ost to follow-up, and sixteen were
deleted because of lost specimens, broken collection tubes, or insufficient
data. Therefore, 439 children comprise the study population, of which 196
received OPV, and 243 received IPV. Al1 of these children have completed their
6-month visit, and 85 have completed their twenty-month visit.

As a confirmation of the randomization process, the sex distribution, the
number of siblings living with the participants, and the number of siblings who
received oral polio vaccine during the time of the study were similar for the
two study groups. In addition, the percentage of children with detectable anti-
bodies and the reciprocal geometric mean titers (GMTs) to the three polio virus
types were the same for the children in each vaccine group at two months of
age (Tables 2 and 3).

Comparing the two vaccine groups at each age for each virus type, there is
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no difference in the percent of children in each group with detectable anti-
bodies. Approximately 25% of all children do not have antibodies against type
II1 at 2 months of age, but this decreases to 17% at 4 months of age and 5% or
less, from 6 months on. At 6 months of age (2 months after the second dose of
vaccine), a minimum of 93% of the children have antibodies against two polio
types, I and I1. The percent is unchanged between 6 and 18 months. At 20
month§ (2 months after the third dose of vaccine), all but one child has
demonstrable antibodies.

At four months of age, the GMTs in the OPV group are significantly higher
for type II and type III virus, compared with themselves at 2 months of age and
with the IPV group at 4 months of age. The GMT against type I is similar for
both vaccine groups and shows no change from 2 months of age. At six months of
age, the GMT against type I poliovirus is significantly higher in the IPV group,
and the GMT against type II is significantly higher in the OPV group. The GMTs
against type III are similar in both groups.

The results from the analysis of the eighty-five children who have completed
the 18 and 20-month visits reveal that, at eighteen months. the GMT in the OPV
group remains significantly higher than the IPV group for type II polio virus. At
twenty months, the GMTs against type II have become similar for both vaccine groups,
while the GMTs against types I and III are now significantly greater for the IPV
group.

IV. Discussion

An ideal study of the serologic response to polio vaccines would involve
the administration of vaccine to children without antibodies to any of the polio
virus types (triple negative children). Enrolling children into this study when
they are 2 months of age precludes that possibility. In fact, only 12 of the
439 children were triple negative upon entry into this study, and three others
were triple negative at 4 months of age. Thus, discussion of our results will

-6 -



focus on the ability of the two vaccines to stimulate antibody production and
protect the entire group of children given each vaccine.

If we take the presence of detectable serum neutralizing antibodies to
indicate protection against polio, then both vaccines as well as residual maternal
antibodies protect a similar percent of children during their first six months
of life even though at 4 months of age the antibody level, as measured by the GMT,
is lower in the IPV group to types I and II. The equivalency of the two vaccines
in stimulating demonstrable antibodies is verified by the results at 18 and 20
months of age.

Although the percent of children with detectable antibodies at 4 months is
not significantly greater than at 2 months in either group, the immunizing effect
on the children receiving the first dose of OPV can be seen for types II and III
by the increases in the GMTs. For the IPV and the type I oral vaccine, the GMTs
decrease or remain the same after 1 dose of vaccine. The lower response to the
IPV at 4 months of age is probably due to the presence of maternal antibodies in
the children who received IPV at 2 months of age. On the other hand, the first
dose of OPV, particularly types II and III, is able to multiply in the intestine,
and stimulate the production of measurable serum antibodies at 4 months of age.

The ability of antibodies to type III to reach the same level for both OPV
and IPV and a higher level for IPV to type I after the administration of the
second dose of IPV may reflect either a significant primary response due to the
high potency of the vaccine in the presence of declining maternal antibodies at
the time of this dose, or the presence of an unmeasurable response to the first
dose of IPV which is then boosted by the dose given at 4 months of age. The
booster effect of the third dose of IPV is clearly seen by the great increase in
GMTs to all three types between 18 and 20 months. The duration of protection
cannot be estimated. However, it is likely that the higher the level of anti-

bodies the more long lasting they will be.
.



Currently the Advisory Committee on Immunization Practice recommends three

doses of the previously available IPV in the first year of 1ife with a booster

at 18 months. The preliminary data from this study indicates that 2 doses in

the first year of life will probably be sufficient. This schedule is effective

even when begun at 2 months of age when maternal antibodies are high.

REFERENCES
Schonberger, L. B., McGowan, J. E. Jr. Vaccine associated poliomyelitis
in the United States, 1961-1972. Am. J. Epi. 104: 202-211, 1976.
Nathanson, M., Langmuir, A.D. The Cutter incident. Am. J. Hyg. 78: 16-81,
1963.
Nightingale, E.0. Recommendations for a national policy on poliomyelitis
vaccination. N. Eng. J. Med. 297: 249-253, 1977.
Melnick, J. L. Advantages and disadvantages of killed and live poliomyelitis
vaccines. Bull. WHO 56: 21-38, 1978.
Macleod, D. R. E., Ing, W. K., Belcourt, R. J-P., Pearson, E. W., Bell, J. S.
Antibody status to poliomyelitis, measles, rubella, diphtheria and tetanus,
Ontario 1969-1970: deficiencies discovered and remedies required. Can.
Med. Assn. J. 113: 619-623, 1975.
Salk, J., Salk, D. Control of influenza and poliomyelitis with killed virus
vaccines. Science 195: 834-847, 1977.



Jaccine

Injectahle
Vaccine

Injectable
Vaccine

Vaccine

Injectable
v

Number of
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antibodies

162

203

159

210

175

234

41

39

43

41

amEl
Schadule of inmnizations and blocd collection
2 ‘ 6 18 20

Doae of either

PV or IPV 1 2 - 3 -

Dose of DIP 1 2 3 4 -

Blood Collection Yes . yes yes yas yes
Table 2

A Comparison of the Serologic Response to Oral
and Injectable Trivalent Polio Vaccine

Nurber and Percent of Children 2, 4, 6, 18 and 20 Months of Age with
Detectable Antibodies to the Three Types of Wild Polio Virus

folio Virus Folio Virus
Type 1 Type II
Rumber of Parcant of Munber of ‘Number of Percent of
children children children children children
receiving  with with receiving with with
vaccine antibodies antibcdies vaccine antibodies :
2 MONTHS OF AGE
183 88.5 173 186 93.0 133
224 90.6 224 233 96.1 161
4 MONTHS OF AGE
187 85.0 189 1%4 97.4 158
228 92.1 218 228 95.6 186
6 MONTHS OF AGE
189 92.6 191 192 99.5 181
237 98.7 215 238 98.7 232
18 MONTHS OF AGE
45 91.1 46 46 100.0 45
40 97.5 41 42 97.6 41
20 MONTHS OF AGE
L] 7.7 45 45 100.0 44
41 100.0 41 41 100..0 41

children children
receiving with
174 76.4
214 75.2
190 83.2
225 82.7
191 94.8
235 98.7
46 97.8
42 97.6
45 100.0
41 100.0

None of the differences between the aral and injectable vaccine groups is significant
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Table 3

A Comparison of the Serologic Response to Oral
and Injectable Trivalent Polioc Vaccine

Reciprocal Geometric Mean Titers (in Internmaticnal Units) to Three Types of
¥W1ld Polic Virus In Children 2, 4, 6, 1B&20 Months of Age

Polio Virus Polio Virus Polic Virus
Type 1 Type 11 Type 111
2 MONTHS OF AGE
Oral D.42 1.03 0.31
Vaccine
Injectable 0.43 1.13 0.27
Vaccine

4 MONTHS OF AGE

Ozral D.43 7.9 1.811
Vaccine 07

- -
Injectable &J !
Vaccine 0.30 0.6 D.3¢—

& MONTHS OF AGE

Oral

i 1.19-‘ 16.9 4.22
-
Injectable 1.9oJ g 4.7
Vaccine
18 MONTHS OF AGE
oral 2.31 16.3 2.91
Vaccine
Injectable 1.53 6.0 2.65
VaosLm 20 MONTHS OF AGE
oral 4.701 20.35 4.1&—]
Vaccine
L ] -
Injectable 11.3¢~ 20.40 18.75-
Vaccine

* piffersnce in Reciprocal Geametric meanTiter betwsen Ozal and
injectable Vaccine Groups significant at p<n.01

< J0 =



B 7855 n.w. 12th street, suite #4114, miomi, florida 33126-1818
M p.0. box 52-3980, miami, florida 33152-3980
“MERIEUX INSTITUTE, INC. phone (305) 593-9577 / telex. 807387

October 9, 1987

Elaine C. Esber, M.D., Director

Office of Biologics Research & Review
ATT: Division of Product Certification,
HFN-825

Room 9B-05, Parklawn Building

5600 Fishers Lane

Rockville, MD 20857

REFERENCE NO. 83-087
Dear Dr. Esber:

Enclosed is a progress report on the study of P. Ogra and H. Faden,
SUNY, Buffalo.

This report covers data currently available on the results of two
primary doses of Merieux IPV. Data from Johns Hopkins are not as
advanced and are not included in this report.

Sincerely yours,

Pinya Cohen, Ph.D.
Vice President
Quality Contrel and
Regulatory Affairs

Attachments
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CLINICAL STUDIES OF
MERTEUX IPV AT SUNY/CHIIDRENS HOSPITAL, BUFFALO

PROGRESS REFORT

SUMMARY
'I'vmdosesofMerieamIPVatZarﬂ4m1thsofagegaveeaac:ellentneutralizj.ng
antibody responses at 5 months to three types of poliovirus. IPV and OPV alone
produced similar levels of neutralizing antibody and IgA in the nasopharyngeal
secretions. A combined schedule of IPV and OPV resulted in a strong priming
effect by TPV on mucosal immmne response of OFV for neutralizing

antibody and IgA in the nasopharyngeal secretions and for IgA in the stool.
Merieux IPV induced camparable responses in premature and full term infants.
Single and two dose boosters in adults showed high anamestic responses in all
recipients and that a second dose of IPV did not increase the GMT' compared to
only one dose.

Introduction

The Merieux Inactivated Polio Vaccine (M-IPV) produced from continucus cell lines
of Vero cells using micro—carrier culture has been extensively tested in Finland,
Israel, India, Brazil, Indonesia, Mali, France, and the United States. This
highly purified more potent vaccine has been shown to be safe, highly immnogenic
and efficacious when used in a two-dose schedule for primary immmization

followed by a booster dose.

A clinical trial at Johns Hopkins comparing M-IPV to the oral polio vaccine



2
currently used in the United States showed that approximately 99% of children had

neutralizing antibodies to all three types of polio virus after receiving M-IFV
at 2 and 4 months of age and that a significant boost in titers occurred after
the third dose at 18 months of age. The titers to M-IPV for Types I and III
poliovirus were superior to OFV, but equivalent for Type II when given in the
same 3 dose schedule. This vaccine was made exactly as the Vero cell vaccine
intended for license except the cell substrate for the Johns Hopkins trial was

primary monkey kidney cells.

The Office of Biologics requested, December 1985, that 75-100 children and 25-30
adults be immmized according to the United States schedule. In response to this
request clinical studies on children and adults were carried out at Childrens
Hospital/State University of New York, Buffalo by Drs. H. Faden and P. Ogra.
Supplemental studies on groups of children using only IPV or a cambined schedule

were also initiated at Johns Hopkins by Drs. McBean and Modlin at a later date.

To meet the FDA request for M-IPV licensure, data are now presented on sufficient
children and adults only from Buffalo. The studies are still in progress at
Buffalo and Baltimore and will be completed in late 1988.

METHODS

Details of the methods used are ocutlined in the protocols already submitted under
IND. Merieux IPV Iots 21102, 21103 and A0304 were used. The general approach
was to compare immmogenicity of two primary doses of M-IFV. OFV or a cambined
schedile in children 2 months old. Originally, a minimm of 15-20 children were

to be recruited in Groups A, C, and D and 50-60 were to be recruited in Group B.
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At this time, 114 children are available for analysis. The groups and vaccines

are shown below:

IMMUNIZATION PLAN FOR CHILDREN

GROUP 2 MONTHS 4 MONTHS 12 MONTHS
A OPV OFV OV
B IV v IV
c I OPV OFV
D v Iw OPV

Blood samples for antibody determinations were collected at 2 and 4 months of age
just prior to administration of vaccine and one month after the second and third
doses of vaccine. There are insufficient data on the booster dose given at 12
months for presentation at this time. A detectable antibody titer was considered
> 1:10. GMI's were computed and also expressed in international units based on
the FDA reference serum results.

Groups B and D are identical for the first two doses of vaccine, therefore, their
data have been cambined for this report.

The mmbers of subjects in the OPV control (Group A) was small at the time of
this report.

For the adult studies, 30 individuals were immmized and available for the
analysis. Half received one dose (Group F1) and half received a second dose 4

weeks later (Group F2). Serum antibody titers were done prior to immunization



and 4 weeks after each dose of vaccine.

RESULTS IN CHITDREN

M-IPV induced detectable neutralizing antibodies after two doses of vaccine in
97.6% (Type I), 100% (Type II) and 97.6% (Type III) of the children (Table 1).
Two doses of OFV gave 100% response for all types of poliovirus and a mixed
schedule of IPV + OPV induced nearly 95% response for Types I and ITT and 100%
response for Type II.

The GQMI' (Table I) was the same in all groups for Type I. For Type II two doses
of IFV gave lower GMI's than OPV or a mixed schedule. The GMT cbtained for Type
IIIwithambcedsdmedulewassignificantlylmrthanintheathertwogmjps.

Table 2 shows that two doses of M-IFV produced neutralizing antibodies in the
nasopharyngeal secretions (NPS) to Type I polovirus in 34%, to Type II in 53%
and to Type III in 42% of the children. OFV produced neutralizing antibodies to
Type I in 50%, to Type IT in 70%, and to Type IIT in 50% of the children. The
mixed schedule resulted in NPS neutralizing antibody in 47, 90 and 42% of the
children, respectively. The GMI' for Type II antibody in the mixed schedule was
significantly higher than schedules of only IPV or only OPV indicating a priming
effect by IPV on Type IT OPV induced antibody.

The percentage of children with IgA antibodies in the NPS (Table 3) were
generally at similar levels for M-IFV and OPV for all types of poliovirus, but
were highest in children receiving the mixed schedule. The @MI' of IgA was
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subsequent dose of OPV. The GMT' for all OV or all IPV recipients was similar
for types I and II but OPV was higher for type III.

The percentage of children with detectable neutralizing antibody in the stool
(Table 4) was generally 5 to 33% regardless of schedule except for Type IT
poliovirus with OFV (56%) and the mixed schedule (42%). The percentage of
children with detectable stool neutralizing antibody for Types I & II poliovirus
was low in those receiving OPV, however the mmber of children analyzed was
small. The GMM’'s for OV, IPV and mixed schedules

were similar.

The percent detectable IgA levels in the stool ranged from 5 to 20% for IPV, 11
to 33% for OFV and 15 to 36% for the mixed schedule (Table 5). The mixed
schedule resulted in the highest GQMI''s for Types IT and III antibodies. IRV
induced a moderate priming effect for OPV for Type II antibody.

Tables 6 and 7 summarize results of serum neutralizing antibodies in children 6
to 13 weeks of age at the time of entry into the study compared to those over 13
weeks. The percentage with detectable neutralizing antibody was the same for the
two groups, however, those over 13 weeks of age had higher GMT values.

The NPS neutralizing antibody data for the two age groups (Tables 8 and 9) showed
that OV, I or a mixed schedule induced detectable antibody to any type of
poliovirus in approximately 60% to 93% of recipients. In 6-13 week old children,
cambined use of TPV and OPV produced detectable Type I and II antibody in nearly
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twicethemm:erofvaccineescmparedtorwwyammnearlyso%mre
recipients of OPV only. The GMI' for Type II was 6 times higher in children
immmnized with a mixed schedule than in children receiving only IPV and twice the
level of children receiving only OPV. Similar NPS data was obtained for children
over 13 weeks who received a cambined schedule. The data from both age groups
suggest a strong priming effect exerted by IPV on a subsequent dose of ORV.

Tables 10 and 11 show that neutralizing antibody in the stool specimens was
highest with OPV only, intermediate with a mixed schedule and lowest with IPV
only.

Detectable IgA in the NPS ranging from 50 to 100% was cbserved in children 6-13
weeks old and those over 13 weeks regardless of the vaccines used ard virus types
(Tables 12 & 13). The cambined schedule of IFV and OPV gave GMI's for IgA two to

nearly 10 times greater than schedules of OPV or IPV alone.

Overall 50% or less of recipients for either age group or for any vaccine
schedule had detectable stool IgA antibody. The cambined schedule gave
percentages of detectable stool IgA twice those cbserved for IPV alone and GMI's
approximately 50% higher (Tables 14 & 15).

Premature and full term infants developed detectable serum neutralizing antibody
levels with equal frequency to two doses of M-IPV and had comparable GMI's (Table

1e6).

Children who had potential contact with an OPV recipient had significantly higher



-
@M's for serum neutralizing antibody (Tables 17 & 18), NPS neutralizing antibody
(Tables 19 & 20) and NPS IgA (Tables 21 & 22). This difference was not seen in
stool neutralizing antibody levels of children who had contact with OPV campared
to those whom were not exposed to OPV (Tables 23 & 24) or in stool IgA levels of
the same children (Tables 25 & 26), however, this analysis is based on small
numbers of children with

OFV contacts.

RESULTS IN ADULTS
Nearly all adults had detectable neutralizing antibodies at the time of entry
into the study so that a single dose of M-IPV ensured a 100% response (Table 27).

A single dose of M-IFV induced increases in GMT of nearly 30 fold for Type I, 50
fold for Type II and 125 fold for Type III. A second dose of IFV did not
significantly increase the GMI' campared to only a single dose (Table 27).

The results of neutralizing antibodies in the NPS (Table 28) show that the
percent of subjects with detectable antibody was the same with one or two doses
and suggests that a greater increase over base titer and higher GMT' is obtained
in individuals who had a lower antibody titer upon entry.

In contrast, both the percent of individuals with stool neutralizing antibody and
the GMT were higher in adults receiving two doses of M-IPV campared tc only one
dose (Table 29).
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The IgA antibody levels in the NPS and stool were similar for one or two doses

although there was a higher percentage of detectable antibody in NPS of
recipients of two doses compared to one dose of M-IPV (Tables 30 & 31).

memmremmjordifferawesinamibodymmﬂmthiswasw
or nonexposure to OFV (Tables 32 & 33).

DISCUSSTION

The interim results of this study have demonstrated that two doses of M-IPV given
at 2 and 4 months of age produce excellent neutralizing antibody responses to all
three types of poliovirus one month after the second dose. The percentage of
children at 5 months of age with detectable antibody to the Vero cell vaccine is
similar to and the GMI's higher than results cbtained with children 6 months old
in the earlier Johns Hopkins/CDC/FDA study with M-IPV produced in primary monkey
kidney cells.

Two children &) immmized at the same private clinic with two doses
of M-IPV formed good neutralizing antibody titers to Type II but not the Types I
and IIT poliovirus. The Type Il preimmmization titer and titer one month post
12 month booster was 320 for both children. The Types I and ITI titers at
baseline and post booster were for®)®) 10 and 10 and 40 and 20, respectively,
and for ®®) 10 and 10 and 10 and 20 respectively. Both children had normal
IgG at 5 months of age and measurable tetarus antibody levels at 13 months of

age. The children are apparently immmnocompetent but the reasons for poor
Types I and III response are unclear.



This study has shown that children given two doses of only OFV or

only IPV produce similar levels of neutralizing antibodies and IgA in the NPS,
however, ofpaxtimlarinterestmthef:i.ndingthatadoseofIPVfollwedbya
dose of OPV produced significantly higher levels of neutralizing antibody and IgA
in the NPS than two doses of OFV or two doses of IFV. This clearly

shows that the M-IPV has a strong priming effect on the mucosal antibody induced
by OFV and that it is greater than the priming effect of OPV alone. This finding
confirms the observation of Ogra etal with less potent, killed poliovirus
vaccine. However, in the earlier studies of Ogra, priming was seen using three
doses of IFV followed by an OPV booster whereas in his current

study priming was seen with only a single dose of the new M-IPV. These data
clearly show that IPV stimulates local immumnity when used alone or in cambination
with OPV.

Basaﬂmstmlmtibodydata"guthmnmity“appearsMheawweptamlicableto
both M-IFV and OPV. Both vaccines used alone or in combination gave detectable
neutralizing antibody in the stool with similar @QfI's. Furthermore both IPV and
OPV, alone or in cambination, induced stool IgA. The GMT Type II IgA was the
same for IPV or OPV alone ard lower for Types I and III when IPV was used alone.
Of particular interest is that the highest GMI for Types II and IIT IgA
antibodies was obtained with a cambined schedule, again demonstrating that a
sirgledoseofIPVcanprimastsequtdoseofOPVproducmgaGdrofIgA
higher than either vaccine alone.

The relatively low percentage of children (approximately 50%) with detectable
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stool neutralizing antibodies and detectable IgA antibodies (30%) is surprising
in view of the "gut immnity" usually attributed to OPV. In fact, the GMI's for
IPV and OFV were similar for Types I & III neutralizing antibody and for Type II
IgA antibody.

Because nearly 30% of the infants receiving two doses of IFV were premature
births it was possible to compare responses to full term infants. Although full
term infants had higher maternal antibody levels, as expected, both premature and
full term infants had similar percentages of responders and comparable GMT's
after two doses of IFV.

The studies in adults showed that a single dose of M-IPV produced
booster responses of very high titers of neutralizing antibodies
and that a second dose 1is unnecessary. However, stool
neutralizing antibody levels were higher in adults receiving a

second dose of IPV.



TABLE 1
Folio Frotocol 01

SERUM NEUTRALIZING ANTIEODIES

PERCENT WITH DETECTABLE ANTIBODY TITER

2 Months 4 Months S Months

TYPE = =  —===smmmssmmoso———— | mmmmmmmmemmmmemme e e e ——————
FLAN A 9/10 ( 30.0) 7710 ( 70.0) 10/10 (100.0)
I PLAN ED €6/83 ( 77.6) 353/84 ( 63.1) 81/83 ( 97.86)
FLAN C 15719 ( 78.93) 16719 ( 84.2) 18719 ( 94.7)
FLAN A 1010 (100.0) 10/10 (100.0) 10/10  (100.0)
II PLAW ED 72783 ( 84.7) B0/8B4 ( 95.2) 83/83 (100.0)
FLAN C 18719 ( 34.7) 19719 (100.0) 19/19  (100.0)
FLAN A 3/10 ( 30.0) 1010  (100.0) 10710 (100.0)
III PLAN ED 62/85 ( 72.9) £8/84 ( 81.0) 81/83 (¢ 97.8)
FLAN C 14719 ( 73.7) 15/19 ( 78.9) 18719 ( 34.7)
FLAN A 1010 (100.0) 10/10  (100.0) 10710 (100.0)
ANY FLAN ED 83/85 ( 97.6) 84/85 ( 98.8) 83785 ( 37.6)
FLAN C 18719 ( 34.7) 19719 (100.0) 193719 (100.0)

GEOMETRIC MEAN TITERS

2 Months 4 Months S Months

N GHT N GMT N GMT
TYPE —mmm e ema—— mmm—— o ———— mmemm——
FLANM A 10 25.81 10 28.395 10 259.92
I PLANM BD a5 17.11 84 7.94 a3 £251.92
PLAN C 19 19.08 13 12. 46 19 263.53
PLAN A 10 60.63 10 519.84 10 3191.73
II PFLAN ERD 85 33.11 84 33.01 a3 857.28
FLAN C 13 79.07 19 38.57 139 2212.41
PLAN A 10 27.66 10 52.78 10 735.17
III FLAM BD a5 13.37 84 17.63 83 889.04
PLAN C 19 10.14 19 17.74 13 131.77

GEOMETRIC MEAN TITERS INM INTERNATIONAL UNITS

2 Months 4 Months S Months

M GMT M GMT N GMT
TYPE —— e m————— ———=  mm=m———— ———— e
PLAN A 10 0.30 10 0.33 10 3.03
I PLAN ED a3 0.20 84 0.09 83 2.94
FLAN C 19 0.22 19 0.15 19 3.08
FLAN R 10 0.34 10 2.9%4 10 17.81
IT PLAM BD as 0.13 84 0.19 83 4,84
PLAN C 193 0.45 19 0.22 19 12.590
PLAM A 10 0.28 i0 0.93 10 7.35
IIT PFLAM BD a5 0.13 84 0.18 a3 8.89

FLAN C 19 0.10 19 0.18 19 1.32



TABLE 2
Polio Protocol 01

NASOPHARYNGEAL SECRETIONS NEUTRALIZING ANTIBODIES

PERCENT WITH DETECTABLE ANTIBODY TITER

, 2 Months 4 Months 5 Months
TYPE = mmmmmmm | emesmmesssssmes——— | e e e e d e -
FLAN A o/ . ( 0.0) 3/ 5 ( 33.3) 5/10 ( 90.0)
I PLAN BD o/ . ( 0.0 1/82 ( 1.2) 27/79 ( 34.2)
PLAN C o/ . ( 0.0) o/18 ( 0.0) 3/19 ( 47.4)
PLAN A o/ . ( 0.0} 7/ 9 ( 77.8) 7/10 ( 70.0)
II PLAN BD o/ . ( 0.0) i/82 ( 1.2) 42/79 ( 53.2)
PLAN C o/ . ( 0.0) 2718 ( 11.1) 17719 ( 89.%)
PLAN A o/ . ( 0.0) a2/ 9 ( a2.2) 5710 ( 50.0)
III PLAN BD o/ . ( 0.0) 2/82 ( 2.4) 33779 ( 41.8)
PLAN C o/ . ( 0.0) i/718 ( 5.8) 8719 ( 42.1)
PLAN A 0/ . ( 0.0 7710 ( 70.0) 7/10 € 70.0)
AMY PLAN BD o/ . ( 0.0) 3/85 ( 3.5 49/85 ( 57.8)
PLAN C 0o/ .  0.0) 3719 ( 15.8) 17719 ( 89.5)
GEOMETRIC MEAN TITERS
2 Months 4 Months S Months
M GAMT N GHT N GmT
TYPE ———— ——————=- ———— e memem—— AR AR
FLAN A 0 . 9 1.71 10 3.03
I PLAN BD 6 1.00 az 1.02 793 1.90
PLAN C 0 - 18 0.00 19 3.10
FLAN A 0 . 9 8.00 10 9.13
II PLAN BD 6 1.00 a2 1.03 73 3.30
PLAN C 0 “ 18 1.17 13 13.20
PLAN A 0 . 3 2.00 10 5.28
III PLAN BD & 1.00 az 1.03 79 2.82
PLAN C 0 - 18 1.08 19 2. 40

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS

2 Months 4 Months 5 Months

N GMT M omT N GmMT
TYPE ———= | mmmm——— ———— me—————— mmm— m———————
PLAN A 0 - 9 0.02 10 0.04
I PLAN BD (2 0.01 a2 0.01 73 0.02
PLAN C 0 . 18 0.00 19 0.04
PLAN R 0 y 9 0.05 10 0.05
II FLAN ED & 0.01 ag 0.01 79 0.02
PLAN C o = i8 0.01 19 0.11
FLAN A 0 - 5 0.02 10 0.05
IIT FLAN ED [ 0.01 a2 0.01 73 0.03
Pi AN C 0 : 18 0.01 19 0.02



TABLE 3
Polio Protocol 01

NASOPHARYNGEAL SECRETIDNS{h)MJ IgA ANTIBODIES

FERCENT WITH DETECTABLE ANTIRODY TITER

2 Months 4 Months S Months

TYRE =~ mmemmmmmmmmmmemeen e e
FLAN A o/ . ( 0.0) /9 (77.8) 6710 ( 60.0)
I FLAN BD o/ . ( 0.0) 33782 ( 40.2) 45/80 ( 56.3)
FLAN C or . ( 0.0) 3/18 ( 50.0) 15719 ( 78.9)
FLAN A o/ . ( 0.0) 779 (77.8) /10 ( &0.O0
II PLAM ED o/ . ( 0.0) 33782 ( 40.2) 49/80 ( 61.3)
FLAN C o/ . ( 0.0 9/18 ( 50.0) 16719 ( 84.2)
FLAN A 0/ . ¢ 0.0) 77793 (77.8) 8710 «( 80.0)
III PLAN ED o/ . ( 0.0) 34/82 ( 41.3) 49/80 ( 61.3)
FLAN C 0/ . ¢ 0.0) 10/18 ( 55.6) 17719 ( 89.5)
FLAN A 0/ « ( 0.0) 7/10 ( 70.0) 8710 ( 80.0
ANY PFLAN ED o . ( 0.0) 39/85 ( 45.9) 593785 ( &62.4)
PLAN C o/ . ( 0.0) 10719 ( 52.6) 17719 ( 89.5)

GEOMETRIC MEAN TITERS

2 Months 4 Months S Months

N GHT N GMT N GMT
TYPE ———— sem—————— ————  ——mmnee— ———— e
FLAN A 0 - 9 8.63 i0 7. 46
I PLAN BD & 0.00 ag 3.13 ao 5.81
FLAN C 0 . 18 4.50 19 14.87
FLAN A 0 . 3 8.00 10 7. 46
II FLAN BD & 0.00 a2 3.29 80 6.01
PLAN C 0 - 18 4.16 19 16.59
PLAN A 0 " 9 9.33 10 13.923
III PLAN BD ) 0.00 az 3.32 a0 £.39
PLAN C 0 " i8 5.66 19 21.42



TABLE 4
Folio FProtocol 01

STOOL SPECIMENS NEUTRALIZING ANTIEODIES

FERCENT WITH DETECTABLE ANTIRODY TITER

2 Months 4 Months S Months

TYPE =~ mmemecemmmcsccmeas et e
FLAN A o/ . ( 0.0) 1/10 ( 10.0) i/ 9 (¢ 11.1)
I PLAN ED 9/ . ( 0.0) /75 ( 0Q.0) 4/78 ( 5.1)
FLAN C o/ . { 0.0 0/18 ( 0.0} 3713 ( 15.8)
PLAN A 0/ . ( 0,0) 4710 ( 40.0) 9/ 9 ( 55.8)
II PLAN ED of . ( 0.0) 3/75 ( 4.0) 2/78 ( 11.%5)
FLAN C o/ . ( Q.00 0/18 ( 0.0 8713 ( 42.1)
FLAN A o/ . ( 0.0) 1710 ( 10.0) 3/ 9 ( 33.3)
IIT FLAN ED 0/ « ( 0.0) 2/73 ( 2.7 6/78 ( 7.7)
FLAN C 0/ . ( 0.0) 0/18 ¢ 0.0) 2719 ( 10.5)
FLAN A 0o/ « ( 0.0 4710 ( 40.0) 3/10 ( 50.0)
ANY FLAN BD o/ . C 0.0) 4785 ( 4.7) 16785 ( 18.8)
FLAN C o/ . ( 0.0 0/18 ( 0.0) 8719 ( 42.1)

GEOMETRIC MEAN TITERS

2 Manths 4 Months 3 Manths

N GHT M GMT M GMT
TYPE ——— ———————— e e e ———— e
FLAN A 0 : 10 1.15 9 1.17
I PLAN BD 5 0.00 75 0.00 78 1.10
FLAN C 0 i 18 0.00 19 1.44
FLAN A 0 4 10 3.73 9 5.04
II FLAM ED 5 0.00 79 1.08 78 i.22
FLAN C 0 3 i8 0.00 13 2.49
FLAN A 0 . 10 1.15 9 1.99
III PLAN BD S 0.00 75 1.06 78 1.16
FLAN C 0 . i8 0.00 13 1.29

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS

2 Months 4 Months o Months

N GMT M GMT M GMT
TYRFE am— e ——— e ———— -
PLAN A 0 = 10 0.01 9 0.01
I PLAN ED S 0.00 73 0.00 78 0.01
FLAN C 0 2 18 0.00 19 0.02
FLAN A ] F 10 0.02 9 0.03
II FLAN ED 5 0.00 75 0.01 78 0.01
FLAN C 0 - i8 0.00 19 0.01
FLAN A 4] . 10 0.01 3 0.02
III PLAN ED 5 0.00 75 0.01 78 0.01
PLAN C 0 & 18 0.00 19 0.01



. TABLE 5
Folio Protocol 01

sTooL srecImens (©) @) IgA ANTIEODIES

FERCENT WITH DETECTABLE ANTIEODY TITER

2 Months 4 Months S Months

TYFE SITTTSSSSoooomossms e e mmmmm s e
FLAN A o/ .  0.0) 2710 ( 20.0) 3/ 9 ( 33.3)
I FPLAN BD o/ « ¢ 0.0) 5/74 ( E£.8) 4/77 ¢ 5.2)
FLAN C o/ . ¢ 0.0) 1/18 ( 5.6) 3/19 ( 15.8)
FLAN A 0/ . ¢ 0.0) 1710 ( 10.0) 1/ 9 ( 11.1)
II PLAN BD o . C 0.0) 9/74 ( 12.2) 8777 ( 10.4)
FLAM C o0/ . ( 0.0) 3/18 ( 16.7) 7719  ( 36.8)
FLAN A 0/ . ( 0.0) 3/10 30.0) 3/ 9 (33.3
III PLAM ED 0/ . ( 0.0 8/74 ( 10.8) 19/77 ( 193.9)
PLAN C o/ . ( 0.0 3718 ( 18.7) /19  ( 36.8)
FLAN A o/ . ( 0.0) 3710 ( 30.0) 3710 { 30.0)
ANY FLAN EBD o/ . ¢ 0.0) 13/85 ( 15.3) 16/85 ( 18.8)
FLAN C o . ( 0.0 4/19 ( 21.1) 7/19 ( 36.8)

GEOMETRIC MEAN TITERS

2 Months 4 Months S Months

M GMT N GMT N GMT
TYFE b e e ————  ——mreme—— ———— mem——————
FLAN A 0 W 10 1.52 3 2.00
I FLAN BD & 0.00 74 1.17 77 1.12
PLAN C 0 a 18 1.13 19 1.39
FLAN A 0 . 10 1.23 9 1.3¢6
II PLAM ED 6 0.00 74 1.35 77 1.29
FLAN C (o} . i8 1.47 19 2.23
PLAN A 0 . 10 1.87 9 2.33
III PLAN BD & 0.00 74 1.30 77 1.55
PLANM C 0 4 18 1.53 19 2.49



TABLE 6
Folio Frotacol 01

SERUM NEUTRALIZING ANTIBODIES
AGE & - 13 WEEKS

FERCENT WITH DETECTABLE ANTIRODY TITER

2 Months 4 Manths S Months

TYRE =~ memmmsmememm—me—ess eeemmdmmcons e
Plan A 93/10 ( 90.0) 7710 ( 70.00 10/10 (100.0)
I [Blan BD S8/70  ( 82.9) 43/69 ( &2.3) e&/68 ( 97.1)
Flan C 13715 ( 8&.7) 12715 (¢ 80.0) 14/15 ¢ 33, 3)
Plan A i0/10 (100.0) 10/10  (100.0) 10/10  (100.0)
II FPlan ED 64/70 ( 31.4) 56/69 ( 95.7) 68/68 (100.0)
Plan C 14715 ( 33.3) 15/15  (100.Q) 15715 (100.0)
Flan A 9710 { 30.0) 10/10  (100.0) 10710 (100.0)
IiZ FPlan BD S3/70 ( 75.7) 35/69 ( 73.7) 66/68 ( 97.1)
Plan C 11/15 ¢ 73.3) 12715 ( 80.0) 14715 ( 33.3)
Flan A 1010 (100.0) 10710  (100.0) 10710 (100.0)
ANY Flan ED 70/70 (100.0) 63/70 ( 38.6) 68/70 ( 97.1)
Plan C 14/15 ( 23.3) 15/15 (100.0) 15713 (100.0)

GEOMETRIC MEAM TITERS

2 Months 4 Months S Months
N GMT N GHT N GMT
TYFE ———— e e —m—— e m—aee— ———— e
Flan A 10 25.81 10 28.35 10 259.92
I Pian BD 70 22.55 &9 7.75 68 213.62
Flan C 15 22. 30 15 9.56 18 228.14
Plan A 10 £0.63 10 519.84 10 3151.73
II flan BD 70 48.73 &9 31.44 68 666.63
Plan C 15 94,82 13 40.00 13 2228.61 :
Plan A 10 27.66 10 52.78 10 735.17
III Plan BD 70 14.94 69 16.77 &8 748,45
Plan C 15 9.87 15 15.30 15 78.82 i

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS

2 Months 4 Months % Months

N GHT N GMT N GMT
TYRE ———— mmmm——ee ———— —mmmmmee ———— mmeme—ee
Plan A 10 0.30 10 0.33 10 3.03
I Plan BD 70 0.26 €9 0.093 &8 2.49
Flan C 15 0.26 15 0.11 135 2.66
Flan A 1 0.34 10 2.74 10 1781
II FPlan EBD 70 0.28 &7 0.18 &8 3.77
Flan C 19 0.%4 13 0.23 15 12.39
#lan A 10 J.28 10 0.53 10 Tl
IIT Flan ED 70 0.15 69 0.17 68 7.48

Flan C 15 0.10 15 0.16 15 0.79



TABLE 7
folio Protocol 01

SERUM NEUTRALIZING ANTIBODIES
AGE » 13 WEEKS

FERCENT WITH DETECTABLE ANTIBODY TITER

2 Months 4 Months

TYPE = =me—ee—ccsccssssaos | o
Flan BD &8/15 ( 33.3 10/15 ( 66.7)
I Flan C g/ 4 ( 30.0) 47 4  (100.0)
Flan BD as/15 ( 53.3) 14/15 ( 33.3)
II Flan C 47 4  (100.0) 4/ 4 (100.0)
flan BD 3/15 ( £0.0) 13715 ( B6.7)
III Plan C 3/ 4 ( 75.0) 354 ( 75.0)
flan EBD 13715 ( 86.7) 15715 (100.0)
ANY  Flan C 4/ 4 (100.0) 4/ 4  (100.0)

GEOMETRIC MEAN TITERS

2 Months 4 Months

] GMT ] GMT
TYPE m—mm mmmmmeee —eme e
Flan ED 15 4,72 15 8.8¢6
I Plan C 4 10.84 4 33.64
Flan BD 15 5. 42 i3 41.27
II Plan C 4 40.00 4 33.64
Plan ERD 15 7.36 15 22. 30
III Flan C 4 11.25 4 26.75

GEOMETRIC MEAN TITERS IN INTERNATIONAL UMITS

2 Months 4 Months

N GMT N GMT
TYPE e e T mm—— meeeseeae
Flan RD 15 0.06 15 0.10
I PFPlan C 4 0.12 4 0.39
Flan ED 13 0.03 15 0.23
IT Plan C 4 0.23 &4 0.19
lan BD 15 0.08 15 0.22
III Plan C 4 0.11 4 0.27

5 Months

D L b T e —

15715 (100.0)
4/ 4 (100.0)

15715 (100.0)
4/ 4 (100.0)

15715 (100.0)
4/ 4 (100.0)

15713 (100.0)
4/ 4 (100.0)

9 Months

GMT
15 531.99
4 492.99
1S 2681.07
4 2152.69
13 1940. 12
4 70S.10

o Months

N GmT
15 6.21
4 5.28
15 15.15
4 12.16
15 19. 40
4 3.05
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TABLE 8
Polio Protocol 01

NASOPHARYNGEAL SECRETIONS NEUTRALIZING ANTIBODIES
AGE 6 - 13 WEEKS

PERCENT WITH DETECTABLE AMTIRODY TITER

2 Months 4 Months S Months

TYPE = W  —e=mssmsmssssmesmes | seeeemmmmmmss e mmem e
Flan A o/ . ( 0.0) 3/ 9 (33.3) 9/10 ( 50.0)
I Flan BD o/ . 0.0 1/67 ( 1.%) 23/65 (¢ 35.4%)
Plan C or . ¢ 0.0 0/67 ( 0.0) 815 ( 53.3)
Flan A o/ « ( 0.0) 7/ 9 ( 77.8) 7/10  ( 70.0)
ITI Plan ED o/ . 1 0.0) 1767 ¢ 1.9) 34/65 ( 52.3)
Flan C o/ . 0.0 2/14 ( 14.3) 14/15 ( 93.3)
Plan A o/ . ¢ 0.0 2/ 9 ( 22.2) /10 ( S0.0)
III Plan BD o/ . 0.0 2/67 ( 3.0 29/65 ( 44.86)
Plan C o/ . C 0.0 1714 ( 7.1) 6/18% ( 40.0?
Plan A o/ . ¢ 0.0) 7/10 ( 70.0) 7/10  ( 70.0)
ANY Plan ED o/ . ¢ 0.0) 3/70 ( 4.3 41/70 ( S58.6)
Flan C o/ . ¢ 0.0 3715 ( 20.0) 14715 ¢ 33.3)

GEOMETRIC MEAN TITERS

2 Months 4 Months S Months

N GmT N GMT N GMT
TYPE m—m= memmeaaa ———— mmm———— mm emm——
Plan A 0 . 9 £ 71 10 3.03
I Plan BD 1 1.00 67 1.02 65 1.96
Plan C 0 1.00 14 1.00 15 3.82
Plan A 0 : 3 . 8,00 10 9.13

II Plan ED 1 1.00 67 1.03 65 3.23 .

Plan C 0 1.00 14 1.22 15 18.38
Plan A 0 i 9 2.00 10 5.28
III Plan BD 1 1.00 ¥ 1.04 65 3.13
Plan C 0 1.00 14 1.10 15 2.19

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS

2 Months 4 Months S Months

N onT N GmMT N GMT
TYFE ———— emme——ae —_—— ———————— —_—— ———————
Flan A 0 . 9 0.02 10 0.04
I Plan BD 1 0.01 &7 0.01 65 .02
Flan C 0 0.01 14 0.01 15 0.04
flan A 0 = 9 0.05 10 0.0%
II ®lan BD 1 0.01 67 0.01 (541 0.02
Plan C 0 0.01 14 0.01 19 0.190
Flan A 0 r 9 0.02 10 0.05
III Flan BD 1 0.01 67 0.01 &S 0.03

AT awm © N N N 1A NNy 18 N N2



TABLE 9
Folio Protocol 01

MASOPHARYMGEAL SECRETIOMS MEUTRALIZING AMTIEODIES
AGE ) 13 WEEKS

FERCENT WITH DETECTABLE ANTIRODY TITER

2 Months 4 Months S5 Months
TIPE. .. weseecdmaleemsmanl e omomeGasewm  Somreesdimeaeersy et
Plan BD o/ . C 0.0) o/ .  0.0) 4/14 ( 28.6)
I Plan C o/ . ( 0.0) o/ . 0.0 1/ 4 ( 25.0)
Flan BD 07 . ¢ 0.0 0/ ( 0.0) 8714 ( S7.L
II Flan € o/ . ( 0.0 o/ . ¢ 0.0) 3/ 4 ( 735.0)
Plan ED 0/ . ( 0.0) 0/ { 0.0) 4714 ( 28.8)
IIT Flan C o/ . ( 0.0) o/ ¢ 0.0) 2/ 4 ( 50.0)
Flan BD 0/ . ( 0.0 0/ . ¢ 0.0) 8715 ( £3.3)
ANY Plan C 0o/ . { 0.0) 0os . ( 0.0) 3/ 4 ( 73.0)
GEQOMETRIC MEAN TITERS
2 Manths 4 Months 5 Months
N GrT M GHT N GmT
TYPE ———— mmm——— ———= ceee———- m———— mem—————
Flan ED S 1.00 15 1.00 14 1.84
I Plan C 0 1.00 4 1.00 4 1.41
Plan ED S 1.00 15 1.00 14 3.62
II Plan C 0 1.00 4 1.00 4 22.63
Flan ED S 1.00 15 1.00 14 1.72
III FPlan C 0 1.00 4 1.00 4 3.36
GEOMETRIC MEAN TITERS IM INTERMNATIONAL UNITS
2 Months 4 Months S Months
N GmT N GnT N GMT
TYPE e e L —me= e e——
Flan BD S 0.01 15 0.01 14 Q.02
I Flan C 0 0.01 4 0.01 4 0.02
F'lan ED 5 0.01 15 0.01 14 0.02
IT Flan C (4] 0.01 4 0.01 4 0.13
Flan BD ] 0.01 1S 0.01 14 0.02
IIT Plan C 0 0.01 4 0.01 4 0.03



TABLE 10
Folio Protocol 01

STOOL SPECIMENS NEUTRALIZING AMTIKODIES
AGE & - 13 WEEKS

PERCENT WITH DETECTABLE AMTIRODY TITER

. 2 Months 4 Months S Monthse

TYPE =~ mmmmmmmmmmmm e s e e
Flan A o/ . ¢ 0.0) 1710 ¢ 10.0) i/ 9 (11.1)
I Flan BED o/ « ( 0.0) 0710 ¢ 0.0 4/63 ( €£.3)
Flan C o/ . 0.0) o/ . ( 0.0) 2/15 ( 13.3)
Flan A 0/ . ( 0.0) 4710 ( 40.0) 5/ 3 ( 35.6)
II PFPlan BD 0/ . ¢ 0.0) 3/61 ( 4.7 863 ( 12.7)
Flan C o/ . ¢ 0.0 0/61 (¢ 0.0) 3715 ( 33.3%
Flan A 0/ . ¢ 0.0 1710 ¢ 10.3) 3/ 9 ( 33.3)
III Plan BD o/ . ( 0.0) a/61 ( 3.2 /63 ( 7.9
flan € o/ . ( 0.0 0/61 C 0.0) 1715 ( &.7)
Plan A o/ . ( 0.0) 4710  ( 40.0) 3/10 ( 50.0)
ANY Flan ED o/ . ( 0.0 4/70 ( S5.7) 14/70 ( 20.0)
Flan C 0/ . ( 0.0) 0/70 ( 0.0) 3/15 ( 33.3)

GEOMETRIC MEAM TITERS

2 Months 4 Months S Months

M GMT N GHMT N GMT
TYPE m——— mm————— ———— e ee————— ——— ——— e
Flan A 0 . 10 1.15 9 1.17
I FPFlan BD i 1.00 &1 1.00 63 1.1:3
Flan C 0 1.00 14 1.00 15 1.45
Flan A 0 p 10 3.73 3 5.04
II Plan ED 1 1.00 &1 1.10 63 1.85
Flan C 0 1.00 14 1.00 1S 2.41
Plan A 0 . 10 1.15 9 1.59
III FPlan BD 1 1.00 &1 1.07 &3 1.17
Plan C 0 1.00 14 1.00 15 1.26

2 Months 4 Months S mMonths

N GMT M GHT N GmT
TYPE ———— emm————— ————  mmemae—— —_——— ————————
Flan A Q - 10 0.01 9 0.01
I Plan BD ¥ 0.01 61 0.01 €3 0.01
Flan C 0 0.01 14 0.01 15 0.02
Plan A 0 e i0 0.02 3 0.03
II Plan ED 1 0.01 61 0.01 €3 0.01
Flan C 0 0.01 14 0.01 15 D.01
Flan A 0 . 10 0.01 9 0.02
III Plan BD 1 0.01 61 0.01 63 Q.01

Elan & lal N N 14 N N 15 NN



TABLE 11
Falio Protocol 01
STOOL SPECIMENS NEUTRALIZING ANTIBODIES
AGE » 13 WEEKS

PERCENT WITH DETECTABLE AMTIEODY TITER

- 2 Months 4 Months S Months
TYI ——————————————————————————————————————————————————————
Plan ED o/ . ( 0.0) 0/ . ( 0.0} 0/ « ¢ 0.0
I PFlan C . o/ . ( 0.0) o/ . { 0.0) 1/ 4 ( 25.0)
Flan ED o/ . ( 0.0 o/ . 0.0} 1715 ¢ &.7)
II Flan C 0/ « ( 0.0 0/ ( 0.0) 3/ 4 { 75.0)
Flan BD o/ . ( 0.0) 0/ . ( 0.0) 1715 ( &.7)
III Plan C 0/ . ( 0.0 o/ . ( 0.0) 1/ 4 ( 25.0)
Flan ED of . ( 0.0) 0/ ( 0.0) 2/15 ( 13.3)
ANY Plan € o/ . ( 0.0) 0/ . ( 0.0) 3/ 4 75.0
GEOMETRIC MEAN TITERS
2 Months 4 Months S Months
N GMT M GHMT N GHT
TYPE ————  me—m————— m——— e ———— ———— e
Flan BD 4 1.00 14 1.00 15 1.00
I Plan C 0 1.00 4 1.00 4 1.41
Flan BD 4 1.00 14 1.00 15 1.10
II FPlan C 0 1.00 4 1.00 4 2.83
Flan BD 4 1.00 14 1.00 15 1.15
III Plan C 0 1.00 4 1.00 4 1.41
GEOMETRIC MEAN TITERS IN INTERMATIOMAL UNITS
2 Months 4 Months 5 Months
M GmT N GMT N GmT
TYFE ———— e ———— e e m——— mm—————
#lan RD 4 0.01 14 0.01 15 0.01
I Plan C 0 0.01 4 0.01 4 0.02
Flan ED 4 0.01 14 0.01 15 0.01
II Flan C 0 0.01 4 0.01 4 0.02
Flan BD 4 0.01 14 0.01 15 0.01
IIT Plan C 0 0.01 4 0.01 4 0.01



TABLE 12
Folio Protocol vl

NASORHARYNGEAL SECRETIOHS(hxggH IgA AMTIEBODIES
AGE & - 13 WEENKS

PERCENT WITH DETECTABLE ANTIBODY TITER

2 Months 4 Months S Months
TYRE. .. | — eemsoocssemmossesecss ossmeseesegessemsssessseids; (mmmmmssmesdsi i el e
Flan A o/ . ( 0.0) 7/ 9 ( 77.8) &/10 ( €0.0)
I Plan ED o/ . ¢ 0.0) 30/67 ( 44,8) 38/66 ( 57.6)
Flan C B ¢ VA ( 0.0) 8714 ( 57.1) 12715 ¢ 80.Q)
Plan A Q/ . . 0.0) 7/.9 ( 77.8) &£/10 «( £0.0)
II Plan EBD o/ . ( 0.0} 31/67 ( 46.3) 41/66 ( 62.1)
flan C o/ . ¢ 0.0) 8/14 (¢ 57.1) 12715 ( 80.0)
Flan A 0/ . ( 0.0 72/9 ( 77.8) 8/10 ( 80.0)
III flan RD o/ . ( 0.0 31/67 ( 4£.3) 40/66 ( €0.6)
Flan C o/ . ( 0.0) 3/14 ( 64.3) 13715 ( 86.7)
Flan A O/ . ( 0.0} 7710 70.0Q) 3/10 ( 80.0Q)
AMY Flan BD 0/r . ¢ 0.0 36770 ( 51.4) 44/70 ( &2.9)
Plan C o/ . ( 0.0 3/15 ( 60.0) 13/15 ( 86.7)
GEOMETRIC MEAW TITERS
2 Months 4 Months 5 Months
N GHT N GHT N GMT
TYPE ——— —mem—e—— mmmme e ————  ee—emee——
Plan A 0 - 9 0.00 10 7. 46
I PFlan BD i 1.00 67 3.46 6E &.09
Flan C 0 1.00 14 0.00 15 14.59
Plan A 0 9 8.00 10 7.46
II Flan ED 1 1.00 &7 3.36 &6 E.48
Flan C 0 1.00 14 S5.38 15 13.30
Flan A 0 u 9 3.33 10 13.373
IITI FPlan BD 1 1.00 &7 3.88 &6 €.69
Plan C Q 1.00 14 7.61 15 13.25



TABLE 13
Folio Frotocol 01

nAsoPHARYNGEAL SECRETIONS B)@) 144 anTIRODIES
AGE > 13 WEEKS

FERCENT WITH DETECTABLE ANTIERODY TITER

— 2 Months 4 mMonths S Months
Plan ED of . ( 0.0 3715 ( 20.0) 7/14 ( 50.0)
I Flan C o/ . ¢ 0.0) 1/ 4 ( 25.0) 3/ 4 ( 73.0)
Flan RD 0/ . ( 0.0) 2715 ( 13.3) 8714 ( I7.1)
II Flan C o/ . 0.0 1/ 4 ( 25.0) 4/ 4 (100.0Q)
Flan BD o/ . 0.0 3715 ( 20.0) 9/14 ( 64.3)
III Plan C o/ . ( 0.0) 1/ 4 ( 25.0) 47 4 (100.0)
Flan ED o/ . ( 0.0) 3713 ( 20.0) 93/15 ( £0.0)
ANY Flan C o/ . ( 0.0) 1/ 4 ( 25.0) 47 4 (100.0)
GEOMETRIC MEAM TITERS
2 Months 4 Months S Months
N GMT N GMT N GmT
TYPE e e el e TED S TmTEEmTT
Flan ED ] 1.00 15 2.00 14 4.64
I Plan C 0 1.00 % 0.00 4 16.00
Flan ED 5] 1.00 i3 1.45 14 4.20
II Flan C 0 1.00 4 1.68 4 38.05
Flan ED ] 1.00 15 1.66 14 S.12
III Flan C 0 1.00 4 2.00 4 32.00



TABLE 14
Folio Protocol 01

stooL srecIMENS B)Y@) 1.4 ANTIEODIES
AGE & - 13 WEEKS

PERCENT WITH DETECTABLE ANTIEODY TITER

i 2 Months 4 Months I Months
B I e it Tt T E—
Plan A 0/ . ( 0.0) 2710 ( 20.0) 3/ 9 ( 33.3)
I Plan B o/ . ( 0.0) 4760 ( 6.7) 4/63 ( 6.3
Plan C o/ . ( 0.0) 1714 ( 7.1) 2/15 ( 13.3)
Plan A 0/ . ( 0.0) 1710 ( 10.Q) i/ 9 (¢ 11.1)
II Plan ED O/ « ( 0.0 6/60 ( 10.0) 72/63 ( 11.1)
Flan C 0/ . ( 0.0) 3714 ( 21.4) /15 ( 33.3)
Flan A 0/ . « 0.0 3710 ¢ 30.0) 3/ 9 ( 33.3)
III Flan BED 0/ . ( 0.0) S/60 ( 8.3) 11763 ( 17.59)
Flan C 0/ . ( 0.0) 3/14 ( 21.4) 9/13 ( 33.3)
Flan A o/ . { 0.0) 3710 ¢ 30.0) 3710 ( 30.0)
AMY Flan BED o/ . ( 0.0) /70 ( 12.93) i2/70 ( 17.1)
Flan C 0/ . ( 0.0) 4715 ( 26.7) S/15  ( 33.3)
GEDOMETRIC MEAN TITERS
2 Months 4 Months S Months
M GMT N GHT M GHMT
TYPE i e o e I L ]
Flan A 0 10 0.00 9 2.00
I Plan ED 2 1.00 &0 1.18 63 1.15
Plan C 0 1.00 14 0.00 15 1.32
Flan A 0 . 10 1.23 -9 1.36
II Plan ED 2 1.00 &0 1.27 €3 1.30
Flan C 0 1.00 14 1.64 15 2.09
Flan A 0 10 1.87 9 2.33
III Flan BD 2 1.00 &0 1.22 &3 1.50
Flan C 0 1.00 14 1.72 15 2,30



TABLE 15
Folio Protocol 01

STOOL SPECIMENS Gagn” IgA ANTIRODIES
AGE > 13 UEEES

PERCEMT WITH DETECTABLE ANTIEBODY TITER

& 2 Months 4 Months 3 Months
L e It e I st
Flan BD o/ . C 0.0 1714 ( 7.1} o/ . ( 0.0)
I Plan C S0/ . 0 0.0) 0/14 ( 0.0) 1/ 4 ( 235.0)
Flan BD 0/ . { 0.0) 3714 ( 21.4) 1/14 ( 7.1)
II FfFlan C 0/ . ( 0.0) 014 ¢ 0.0) 2/ 4 ( 50.0)
Flan BD o/ . ( 0.0) 3714 ( 21.4) 4714 ( 28.6)
III Plan C 0o/ . ( 0.0) 0/14 ( 0.0) 2/ 4 ( 30.0)
Flan BD o/ . ¢ 0.0) 4/15 ( 26.7) 4/15  ( 26.7)
ANY Plan C o/ . « 0.0 0/15 « 0.0) 2/ 4 ( 50.0
GEOMETRIC MEAN TITERS
2 Months 4 mMonths o Months
N GMT N GMT N GMT
TYPE mmmm mmmm———— mmeme mme—— ———= mmme—ee-
Flan BD 4 1.00 14 1.16 14 1.00
I Plan C 0 1.00 4 0.00 4 1.68
Flan BD 4 1.00 14 1.72 14 1.22
II Plan C 0 1.00 4 1.00 4 c.83
Plan EBD 4 1.00 14 1.72 14 1.81
IIT Plan C 4] 1.00 4 1.00 4 3. 36



TABLE 16
Folio Protocol 01

SERUM NEUTRALIZING ANTIEODIES
FLAN BD

FERCENT WITH DETECTABLE ANTIRODY TITER

oE 2 Months 4 Months S Months
TYPE = mmmmmmmmmmmcm—men e oD
PREME 12/19 ( 63.2) 8/19 ( 42.1) 19/19  (100.0)
I TERM S4/66 ( 81.8) 45/65 ¢ 69.2) 62/64 ( 96.9)
EREME "16/719  ( B4.2) 16719 ( 84.2) 19/19  (100.0)
II  TERM SE/66 ( B84.8) 64/65 ( 98.5) 64764 (100.0)
FREME 15/19 ¢ 78.9) 14719 ¢ 73.7) 13/19  (100.0)
III TERM 47766 ¢ 71.2) 54765 ( 83.1) £2/64 ( 96.9)
FREME 18719 ( 34.7) 19/19  (100.0) 19/19  (100.0)
ANY TERM £5/66 ( 98.5) €5/66 ( 98.5) 64/66 ( 97.0)

GEOMETRIC MEAM TITERS

2 Months 4 Months S Months

N GmT N GHT N GmMT
TYFE m——— e i e mm——— e
FREME 19 &.88 19 4.393 19 308.54
I TERM &6 22.23 63 9.44 E4 237.21
FREME 19 20. 082 19 24.92 19 1147.31
II TERM &6 38.27 635 35.83 &4 786.23
FREME 19 14.78 19 15.15 19 888.74
III TERM (1 12.99 £S5 18.45 &4 883.13

GEOMETRIC MEAN TITERS INM IMTERNATIOMAL UNITS

2 Manths 4 Months S Manths

M GMT | GmT N GMT
TYFE e ————— m—————— et ~———
FREME 13 0.08 19 0.05 19 3.60
I TERmM 66 0.26 &5 0.11 &4 2.77
FREME 19 0.11 19 0.14 i3 6.48
II TERM &6 0.22 659 0.20 64 4,44
FREME 19 0.15 19 0.15 19 4.a89
III TERM 66 0.13 €5 0.18 64 8.89



TABLE 17
fplio Protocol 01 A

SERUM NEUTRALIZING ANTIEODIES
PATIENTS HAD CONTACT WITH ORV

FERCENT WITH DETECTABRLE ANTIRODY TITER

2 Months 4 Months S5 Months

TYPE TTTTTTTOSSSSESSSSS mess s s ms s e e e
Flan A 27 2 (100.0) 2/ 2 (100.0) 27 2 (100.0)
I flan BD 14719 (. 73.7) 10718 ( 35.6) 18718 (100.0)
Flan C 2/ 3 (66.7 3/ 3 (100.0) 3/ 3 (100.0)
Flan A 27 2 (100.0) 2/ 2 (100.0) 2/ 2 (100.90)
II Flan BD 16/13 ( 84.2) 17718 ( 94.4) 18718 (100.0)
Flan C 3/ 3 (100.0) 3/ 3 (100.0) 3/ 3 (100.0)
Flan A 172 (50.0) 2/ 2 (100.0) e/ 2 (100.0)
III #lan BD 12719 ( £3.2) 13718 ( 72.2) 18718 (100.0)
Flan C g/ 3 (66,7 2/ 3 (66.7) 3/ 3 (100.0)
Flan A g/ 2 (100.0) 2/ 2 (100.0 2/ 2 (100.0)
ANY Flan ED 19/19 (100.0) 18719 ( 34.7) 18719 ( 34.7)
Plan C 3/ 3 (100.0) 3/ 3 (100.0) 3/ 3 (100.0)

GEOMETRIC MEAN TITERS

2 Months 4 Months S Months

N GMT N GMT N GmT
TYRE mmm— e ——— ————  cmm————— ———— emm————
Plan A 2 28.28 2 80.00 2 €£40.00
I Plan HD 19 13.09 18 4.89 18 270.18
Plan C 3 11.70 3 20.00 3 806. 35
Flan A 2 40.00 2 4352.9595 2 14481.55

II Plan BD 19 22.34 ia 32.59 18 1810.193 .

Plan C 3 50. 40 3 23.20 3 1612.70
Flan A 2 6.32 2 160.00 2 2360.00
III Plan BD 19 8.56 18 13.29 18 1185.12
Plan C 3 9. 83 3 7.37 3 907.97

2 Months 4 Months 3 Months

N GMT N GMT N GMT
TYPE —mm— cmm————— ———— mmm————— ————
Flan A 2 0.33 2 0.23 2 7.47
I Plan BD 19 0.15 18 0.06 18 €£.65
Flan C 3 0.14 3 0.23 3 3.41
Pflan A 2 0.23 a 2.356 2 21.4a2
II Flan ED 19 0.13 i8 0.18 i8 10.23
Pflan C 3 0.28 3 0.14 3 3.1t
Flan A e 0.06 2 1.60 2 25.50
ITI Plan ED 19 0.09 18 0.13 ta 11,35

Dlan @ 1 N.NA . K 0.07 3 S.0A



TABLE 18
Folio Frotocel 01

SERUM NEUTRALIZING ANTIEODIES
FATIENTS DID WOT HAVE COMTACT WITH 0PV

FERCENT WITH DETECTABLE ANTIEODY TITER

2 Months 4 Months

TYRE =~ —mmmmmmmmmmmmmmeee e e
Flan R 7/ 8 ( 87.%) 5/ 8 ( 62.5)
I FPlan ED S2/e6 ( 78.8) 43766 ( &5.2)
Flan C -13716 ( 81.3) 13/16 ( 81.3)
Flan A 4/ 8 (100.0) 87/ 8 (100.0)
IT Flan ED 96/66 ( B84.8) £3/766 ( 95.5)
Flan C 15716 ( 23.8) 16/16 (100.0)
Flan A 8/ 8 (100.0) a4/ 8 (100.0
III Plan BD 30/66 ( 75.8) 33/66 ( 83.3)
Flan C 12/16 ( 75.0) 13/16 ( 81.3)
Flan A 8/ 8 (100.0) 8/ 8 (100.0)
ANY FPlan ED 64/66 ( 397.0) 66/66  (100.0)
Flan C 15716 ( 93.8) 16/16 (100.0)

GEOMETRIC MEAN TITERS

2 Months 4 Manths

N GMT N GHMT
TYPE ———=  memmmm—— —m—= | e e————
Flan A 8 25.22 a 21.87
I Flan ED &6 18.48 66 2.06
Flan C 1€ 20.3%2 1§ 11.40
Plan A a £7.27 8 538.17
II Flan BD 66 37.08 &6 33.12
flan C 16 86.03 16 41,77
Flan A 8 40.00 8 40.00
IIT Flan EBD 66 15.20 &6 19.07
Flan C 16 11.25 16 20.72

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS

2 Months 4 Months

N GmT N GHMT
TYFE ———= mmmm———— ———— mmmmm———
Plan A 8 0.29 8 0.26
I Plan BD 13 0.22 &6 0.11
Flan C 16 0.24 16 0.13
Flan A a 0.38 a 3.04
IT Plan ED &6 0.21 &6 0.19
Flan C 16 0.49 16 0.24
Flan A a 0. 40 8 0.40
III Flan BD &6 0.15 &6 0.19
Plan C 16 0.11 16 0.21

S Months
8/ 8 (100.0)
63/65 ( 96.9)
15/16 ( 393.8)
8/ 8 (100.0)
6a/65  (100.0)
Le/16  (100.0)
8/ 8 (100.0)
&63/65 ( 26.9)
15716  ( 33.8)
87 8 (100.0)
E3/66 ( B8.5)
16716  (100.0)

2 Months

N GMT
8 207. 49
&S 200.932
i6 213.68
8 2152.69
&5 £37.00
16 2347.53
a 038.17
&35 821.01
i6 102. 31

3 Months

M GMT
a 2. 42
65 2.34
16 2.49
a 12.16
(53] 3.4
le 13.2¢6
a 5.38
65 a.21
16 1.02



TABLE 19
Folio Protocol 01

MARSOFHARYNGEAL SECRETIONS NEUTRALIZING ANTIBODIES
PATIENTS HAD CONTACT WITH ORV

FERCENT WITH DETECTABLE AMTIBODY TITER

2 Months 4 Months S Maonths
TYPE =~ = =  —eeemeeemmmemmemmmem A R SR e T e e U A
Flan A 0/ . 0.0) 17 2 ( 30.0) 1/ 2 ( 50.0
I ™lan EBD A/« ¢ 0.9) /2  0.0) 9718 ¢ 50.0)
Plan C o/ . { 0.0} o/ . ( 0.0) 2/ 3 ( &&.7)
Flan A 0/ . ( 0.0} g/ 2 (100.0 /2 (50,0
IT Flan ED O/ . 0.0 o2 ( 0.0 14718 ( 77.8)
Flan C O/ . { 0.0) o/ . 0.0 3/ 3 (10C.0)
Flan A O/ . ( 0.0 17 2 (¢ 50.0) i/ 2 { 90.0)
IIT Flan BD O/ . 1 0.0) 1713 ¢ 5.3 11718 ( 61.1)
“lan C o/ . 0.0) 013 ( 0.0) 2/ 3 ( &6.7)
Plan A o/ . C 0.0) 2/ 2 (100.0) 172 ( 50.0)
ANY ©lan EBD o/ . ( 0.0) 1719 (¢ 5.3) 16/13 ( 84.2)
Plan C o/ . ( 0.0) 0/19 ( 0.0) 3/ 3 (100.0)
GEOMETRIC HWEAN TITERS
2 Months 4 Months S Months
M GMT "N GHT N GMT
TYRE mm—— emem———— mm—— mee——— mmmm e
Flan A 0 A 2 2. 00 2 a8.00
I PFlan EBD 0 " 13 1.00 18 3.05
Plan C 0 i 3 1.00 3 4, 00
Flan A 0 5 2 11.31 2 11.31
II Plan EBD 0 5 19 1.00 18 £. 8¢
Flan C 0 g 3 1.00 3 20.16
Flan A Q i 2 131 2 1131
III ¥Flan BED 0 i 13 1.08 18 S.h8
Flan C 0 . 3 1.00 3 €. 33
GEOMETRIC MEAW TITERS IN INTERNATIONAL UNWITS
2 Months 4 Months S Months
M GMT M GMT N GMT
TYPE SRR e S e i S S
Flan A 0 = 2 0.02 2 0.09
I Flan ED 0 . 19 0.01 18 0.04%
Flan C 0 = 3 0.01 3 0.05
Flan A 0 . 2 0.06 2 Q.08
I Flan BD 0 . 13 0.01 18 0.04
Flan C 0 . 3 0.01 3 Ol s
Flan A 0 . 2 0.11 2 A
IIT flan ED 0 & 19 0.01 18 .06

Bl e Y P ki A AT 2 S g



TABLE 20
Folio Praotocol 01

MASOFHARYNGEAL SECRETIONS MEUTRALIZING ANTIBODIES
PATIENTS DID MOT HAVE CONTACT WITH ORV

FERCENT WITH DETECTARLE ANTIBODY TITER

en 2 Months 4 Manths S Months

Flan A or . ( 0.0) 2/ 7 ( 28.8) 4/ 8 <_26f5§"“

I Flan BD 0/ . ( 0.0) 1763 ¢ 1.8&) 18761 ( 29.%)

Flan C o/ . ( 0.0) 0/63 { 0.0) 7/16  ( 43.8)

flan A o/ . ( 0.0) 9/ 7 ( 7i.4) &/ 8 (73.0)

IT Plan ED 0/ . ¢ 0.0) 1/63 ( 1.6) 28/61 ( 45.9)

“lan C o/ . ( 0.0 2/13 ( 13.3) 14716 ( 87.5

Flan A 0/ « ( 0.0) 17 7 ( 14.3) 4/ 8 ( 50,00

IIT Plan BED o/ . ( 0.0) 1/63 ( 1.6) g2/e1 ( 3&.1)

Flan C o/ . ( 0.0) 1715 ( €.7) &/16 ( 37.%)

Flan A o/ . ( 0.0) S/ 8 ( 62.9) &/ 8 ( 75.0)

ANY FPlan ED 0/ . ( 0.0) 2/66 ( 3.0) 33/66 ( S50.0)

Flan C o . { 0.0) 3/16 ( 18.8) 14716 ( 87.%)

GEOMETRIC MEAN TITERS

2 Months 4 Months S Months

N GmT N GMT N GMT
TYFE mm——— e - - m——— e
PFlan A 0 . 7 1.64 8 2.38
I Plan ED [ 1.00 63 1.02 &1 1.£5
flan C 0 1.00 15 1.00 16 2.95
Plan A 0 ? 7.285 a 8.72
II Plan BED [ 1.00 &3 1.03 &1 2. 66
Flan C 0 1.00 15- 1.20 16 19.03
Flan A 0 . 7 i.22 a 4, 3¢
IITI #lan ED & 1.00 &3 1.02 &1 2.27
Flan C 0 1.00 15 1.10 1& 2.00

GEOMETRIC MEAN TITERS IM INTERMATIONAL UMITS

2 Months 4 Months S Months

N GHMT N GHT N GHT
TYFE m——— emm——— ———— mmm————— m——— e
Flan A 0 = 7 0.02 a8 Q.03
I FPlan ED & 0.01 63 Q.01 61 0.02
Flan C 0 0.01 13 0.01 16 0.03
Flan A 0 - 7 0.04 8 0.05
II Flan BD & 0.01 €63 0.01 &1 0.02
Flan C 0 0.01 13 0.01 16 0.11
Flan A 0 5 7 0.01 a 0.04
III Flan BD & 0.01 &3 0.01 &1 0.02
Plan C [V} 0.01 15 0.01 16 0.082



TABLE 21
FPolio Frotocol 01

NASOPHARYNGEAL SECRETIONS @) @) 1.4 anTIKODIES
FATIENTS HAD CONTACT WITH OBy

FERCENT WITH DETECTARLE ANTIEODY TITER

2 Months 4 Months 5 Months

TYPE =~ mmmmommmmmommmmmes eeemeeemememme—en
Flan A 0/ . ( 0.0) 1/ 2 ¢ 50.0) 1/ 2 ( 50.0)
I Flan ED 0/ . ( 0.0) /13 ( 47.4) 14/18 ( 77.8)
FlanC 0/ . ( 0.0 1/°3 (¢ 33.3) 2/ 3 ( €6.7)
Flan A 0/ . ¢ 0.0 1/ 2 ¢ 50.0) 1/ 2 ¢ 50.0)
I1 Flan ED 0/ . ¢ 0.0) 9/13  ( 47.4) 15/18 ( 83.3)
Flan C 0/ « (0.0 173 (33.3 3/°3 (100.0)
Flan A 0/ . ¢ 0.0) 1/ 2 (¢ 50.0) 2/ 2 (100.0)
ITI Flan ED 0/ . ( 0.0) 9/19  ( 47.4) 15/18 ¢ 83.3)
Flan C 0/ . ¢ 0.0) 1773 ( 33.3) 3/°3 (100.0)
Flan A 0/ . ¢ 0.0 1/ 2 ( 50.0) 8/ 2 (100.0)
ANY Flan KD 0/ « ¢ 0.0) 913 ( 47.4) 15/19  ( 78.9)
Flan C 0/ . ¢ 0.0 173 (33.3 3/°3 (100.0)

GEOMETRIC MEAM TITERS

2 Months 4 Months o Months

M GMT N GMT N GHT
TYRE o I et s B L mmememmn ERaerresas ———— e ————
Flan A 0 . 2 0.00 2 4,00
I FPlan BD 0 . 19 0.00 18 13.72
Flan C 0 " 3 0.00 3 20.16
Flan A 0 “ 2 3.66 4.00
II Flan EBD 0 " 19 4.80 18 14.81
Plan C 0 i 3 2.952 25.40
Flan A 0 . 2 4,00 1€.00
III Plan RD 0 u 19 4.63 18 16.00
Flan C 0 . 3 2. 52 40,32



: TABLE 22
Polio Protocol 01

NASOFHARYNGEAL SECRETIONS (B)M)" 1.8 ANTIEODIES
PATIENTS DID NOT HAVE CONTACT WITH OBV
PERCENT WITH DETECTABLE ANTIEODY TITER
2 Months 4 Months S Months
TYPE ——— TTT TS e
Flan A o/ . ( 0.0) & 7 ( 85.7) 5/ 8 ( £2.5)
I FPlan BD 0/ . ( 0.0) 24/63 ( 38.1) 31/62 ( 50.0)
Blan C 0/ . ( 0.0 8715 ( 53.3) 13716 ( 81.3)
PFlan A 0/ . ( 0.0) &/ 7 ( 85.7) S/ 8 ( 62.5)
11 Plan ED 0/ . ( 0.0) 24/63 ( 38.1) 34/62 ( S4.8)
Flan C o/ . ( 0.0 8715 ( 53.3) 13716 ( 81.3)
Plan A 0/ . < 0.0) 6/ 7 ( 85.7) 6/ 8 ( 75.0)
ITI Flan ED 0/ . ( 0.0) 25/63 ( 39.7) 34/62 ( S4.8)
Plan C 0/ . ( 0.0 /15 ( 60.0) 14716 ( B7.5)
Flan A 0/ . ( 0.0) 6/ 8 ( 75.0) €/ 8 ( 75.0)
ANY Flan BD o/ . ( 0.0) 30/66 ( 45.5) 38/66 ( S7.6)
Plan C 0/ . { 0.0) 9/16 { S6.3) 14716 ( 87.%)
GEOMETRIC MEAN TITERS
2 Months 4 pmManths S HMonths
N GNT N GMT N GMT
TYPE mmmm e ———— me—meee mm—— e
Plan A 0 ] 7 0.00 8 8.72
I Flan ED & 1.00 63 2.75 €2 4.52
Flan C 0 1.00 15 0.00 16 14.05
Flan A Q . F a4.83 8 8.72
II FElan ED 6 1.00 63 2. 94 &2 4.63
Flan C 0 .00 15 4.39 16 15,32
. PBlan A 0 . 7 11.89 8 13.45
III Plan BD & 1.00 63 3.00 62 4.89
Flan C 0 1.00 15 .65 16 19.03



TABLE 23
Folio Protocol 01

STOOL SPECIMENS NEUTRALIZING ANTIBODIES
PATIENTS HAD CONTACT WITH ORV

PERCENT WITH DETECTABLE ANTIEODY TITER

_ 2 Months 4 Months S Months
TYPE =~ mmmemmmmm e e s S G S S
Flan A 0/ . { 0.0) 172 ( 50.0) 0/ . ( 0.0)
I FPlan BD 0/ . { 0.0) o/ 2 (¢ 0.0 2/17 ( 11.8)
Flan C o/ . { 0.0) o/ . ( 0.0 i/ 3 ( 33.3
Flan A o/ . ( 0.0 172 ¢ 50.0) 1/ 2 ( 50.0)
ITI Plan BD o/ . ( 0.0) o/ 2 ( 0.0 2/17 ( 11.8)
Plan C 0/ . ( 0.0 Of « ¢ 0.0) 2/ 3 (Ee.7)
Flan A o/ = C 0.0 172 ( 50.Q) o/ . { 0.9)
III flan BD oOf .  0.0) 1/18 ¢ 5.6) 2/17 ( 11.8)
Flan C o/ . ( 0.0) 018 ( 0.0Q) i/ 3 (¢ 33.3)
Flan A o/ . ( 0.Q) 172 ( 50.0) 1/ 2 ( 50.0)
ANY Plan BD 0/ . ¢ 0.0) 1249 ¢ 5.3) 5/19  ( 26.3)
Plan C o/ . ( 0.Q) 0/19 ( 0.0) 2/ 3 ( &E.7)
GEOMETRIC MEAM TITERS
2 Months 4 Months S Months
N GmT M GMT N GMT
TYFPE e Tt mm—— mmm—emea ———— mmm— e
Flan A 0 - 2 2.00 2 1.00
I Flan BD Q . 18 1.00 17 1.323
Plan C 0 . 3 1.00 3 1.59
Plan A 0 . 2 S.66 2 2.83
II Plan BD 0 = 18 1.00 17 1.18
Plan C 0 . 3 1.00 3 2.52
Plan A 0 . 2 2.00 2 1.00
IIT Plan BD 0 5 18 1.08 17 1.13
Plan C 0 . 3 1.00 3 1.53
GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS
2 Months 4 Months g mMonths
N GMT N GMT N GMT
TYPE ——mn mmememae ARAS  eERRREeE .
Flan A 0 ; 2 0.02 2 b.01
I Plan BD 0 " ia 0.01 17 0.02
Flan C 0 a 3 0.01 3 0.02
Mlan A 0 W 2 0.03 e Q.02
II Plan BD 0 . ia8 0.21 17 0.01
Flan C 0 = 3 0.01 3 0.01
Flan A 4] . 2 0.02 a2 0.01
III Flan ED 0 u i8 0.01 17 0.C1

Clan 0 = 3 0.01 2 0.0



TABLE 24
Folio Frotocol 0Ol

STOOL SPECIMENS NEUTRALIZING ANTIRODIES
PATIENTS DID NOT HAVE CONTACT WITH OFV

FERCENT WITH DETECTABLE ANTIRODY TITER

— 2 ronths 4 Maonths o Months
Flan A o/ . ( 0.0 0/ . ( 0.0) 1/ 7 (14.3)
I Plan ED 0/ . ( 0.0) A/ . ¢ 0.0) 2/61 ¢ 3.3)
Flan C . 0/ . ( 0.0) Q/ . {( 0.0} 2/16 ( 12.5)
Flan A o/ . ¢ 0.0) 3/ 8 ( 37.%) 4/ 7 ( 57.1)
II Flan BD o/ . ( 0.0) 37597 ( 5.3 7761 11.5)
Flan C 0/ . ( 0.0} 0/37 ( 0.0) &/716 ( 37.5)
Plan A Qf . ( 0.0} o/ . ( 0.0) 3/ 7 ( 42.9)
III Flan BD o/ . ( 0.0) 1787 ( 1.8) 4/681 ¢ E.6)
Flan C 0/ . ( 0.0) 0/57 ( 0.0 1716 ( &.3)
Flan A 0o/ . { 0.0) 3/ 8 ( 37.5) 47 8 ( 50.0)
ANMY Plan BD 0/ . ( 0.0) 3/66 ( 4.5) 11766 ( 16.7)
Flan C o/ . (¢ 0.0) o/66 ( 0.0) &/16 ( 37.5)
GEOMETRIC MEAN TITERS
2 Months 4 Months 5 Months
N GMT N GHT N GnT
TYPE o e e e ———= eme—————
flan A 4] - 8 1.00 7 1.22
I FPlan BD 3 1.00 a7 1.00 &1 1.05
Flan C o 1.00 15 1.00 i i.41
Plan A 0 - 8 3.36 7 S.94
II Plan ED S 1.00 57 1.11 61 1.23
Flan C 0 1.00 15 1.00 16 2.48
#ian A Q 8 1.00 7 1.81
IIT r[Mlan ED ] 1.00 57 1.05 &1 1.16
Flan C 0 1.00 15 1.00 16 1.24
GEOMETRIC MEAN TITERS IN IMTERNATIOMAL UMITS
2 Months 4 Months 5 Months
N GmT M GHMT N GMT
TYPFE —mm— mmma e | e wesSs mmeesmed
Flan A 0 " 8 0.01 7 0.01
I FPlan BD S 0.01 57 0.01 &l 0.01
Flan C Q 0.01 15 0.01 16 0.02
Plan A 4} a a 0.02 7 3.03
II Plan BD S 0.01 57 0.01 61 0.01
Plan C 0 0.01 15 0.01 16 0.01
Flan A 0 w a 0.01 7 0.02
III Plan BD 3 0.01 o7 0.01 61 0.01
Flan C 0 0.01 15 0.01 16 0.01



TABLE 25
Folio Frotocol 01

stooL seecimens @@ 1oa anTIRODIES
FATIENTS HAD CONTACT WITH OPV

PERCENT WITH DETECTAELE ANTIBODY TITER

TYPE 2 Months 4 Months 5 Months
Flan A o/ . ¢ 0.0 17 2 ( 50.0) 0/ . 0.0
I Flan BD 0/ . ( 0.0 1718 ( 5.6) 0/ . ( 0.0
Flan C os . ¢ 0.0 0/18 ¢ 0.0 1/ 2 ¢ 32.2)
Flan A 0/ . { 0.0} Qs . « 0.0 0/ . ¢ Q.0
II Flan BD of . ( 0.0) 2718 ¢ 11.1) 1717 ( 5.9
Flan C 0/ . ( 0.0} 0/18 ¢ 0.0} 1/ 3 ( 33.3)
Flan A or . ¢ 0.0) 172 (50.0) 0/ . « 0.0
III ~lan ED o/ . ( 0.0 o/ 2 ( 0.0) 1/17 5.9)
Flan C o/ . ( 0.0) o/ . 0.0 17 3 ¢ 33.3)
Flan A o/ . 0. 172 (¢ 50.00 0/ . (L 0.0}
ANMY Flan RD o/ . ¢ 0.0) 3719 ( 15.8) 1719 ( S.3)
Flan C O/ . ( 0.0) 0/19 ( 0.0) 1/ 3 £ 33.3)
GEOMETRIC MEAM TITERS
2 Months 4 Months 5 Months
N GHT N GMT N GMT
TYFE cmmo mmmmeeee —mmm mmmm—eae ——mm e
Plan A ¢ " 2 0.00 2 1.00
I Flan BD 0 . 18 0.00 17 1.00
Flan C 0 3 0.00 3 2.00
Flan A 0 e 1.00 2 1.00
II Plan ED 0 a i8 1.31 17 1.13
Flan C 0 3 1.00 3 2.00
Flan A Q 3 2 2.82 2 1.00
IIT Flan BD 0 18 1.00 17 1.13
Flan C 0 a 3 1.00 3 =



TABLE 26
Folio Frotocol 01

stooL srecImens (B)@) 154 anTIRODIES
PATIENTS DID NOT HAVE CONTACT WITH OFV

FERCENT WITH DETECTABLE ANTIBODY TITER

2 fMonths 4 Months S Months
THPE: FeesanloClosen O SReSGRESLLCphHMESe RS e A
Plan A o/ . ¢ 0.0) 1/ 8 ( 12.59) 3/ 7 ( 42.9)
I Plan ED o/ . ( 0.0) 4/36 ( 7.1) 4/60 ( &.7)
Flan C 0/ . ( 0.0) 1415 ( &7) 2716 ( 12.9)
tlan A 0/ . ( 0.0) 1/ 8 ( 12.% 17 7 ( 14.3)
IT Flan ED o/ . (¢ 0.0) 7/96 ( 12.%) 7/60  ( 11.7)
Flan C 0/ . ( 0.0) 3715 ( 20.0) &/16 ( 37.%)
Flan A o/ . ¢ 0.0) g/ 8 (25.0) 3/ 7 ( 42.9)
III Flan ED 0/ . ¢ 0.0) 8/56 ( 14.3) 14/60 ( 23.3)
Flan C 0/ . ¢ 0.0) 3715 ( 20.0) 6716 ( 37.5)
Plan A o/ . ( 0.0) 27/ 8 ( 25.0) 37 8 L 37.5)
ANY Flan BD o/ . ¢ 0.0 10766 ( 15.2) 15766 ( 22.7)
Flan C A/ . ¢ 0.0 4/16 ( 25.0) &/16 ( 37.5
GEOMETRIC MEAW TITERS
2 Months 4 Months S Months
] GMT N GHMT N GMT
TYPE mimmee ssmmmr mmmm s . e
PFlan A o] 0.00 7 2. 44
I Plan EBD & 1.00 56 1.13 &0 1.16
PFlan C 0 1.00 15 0.00 16 1.30
Flan A Q . a 1.30 7 1.49
II Fflan ED 6 1.00 96 1.36 &0 1.33
FPlan C 0 1.00 i3 1.59 1&e 2.28
PFlan A 0 . 8 1.68 7 2.937
III Flan BD & 1.00 1 1.41 &0 1.70
Flan C 0 1.00 15 1.66 16 2.48



TABLE 27
Pelio Protocol 01

SERUM NEUTRALIZING ANTIBODIES

FPERCENT WITH DETECTABLE ANTIBODY TITER

Vigsit 1 Visit 2 Visit 3

FYRE = W sessorsRsoesmsmisiisd SAEERRRSnuslaessss e e S ey
FLAN F1 14715 ( 33.3) 14715 ( 93.3) 15715 (100,00
I FLAN F2 15715 (100.0) 15715  (100.0) 15/15  (100.Q)
PLAN F1 14715 ( 33.3) 15715  (100.0) 15/1%  (100.0)
II PLAN F2 15/1%  (100.0) 15/15  (100.0) 13/15 (100.0)
pPLAN F1 14715 ( 33.3) 15715  (100.0) 15/15  (100.0)
III PLAN F2 14715 ( 93.3) 13715 ¢100.0) 15715 (100.0)
PLAN F1 14/15 ( 33.3) 15715 (100.0) 15715 (100.0)
ANY PLAN F2 15715 (100.0) 15715 (100.0) 15713 (100.0)

GEOMETRIC MERM TITERS

Visit 1 Visit 2 Visit 3
] GMT N GMT N GMT

TYPE ———— S e s ———= mmm————
PLAN F1 15 172.30 15 4816.60 15 4888.73

I FLAN F2 15 335.13 15 4003.74 15 S5615.74
FLAN F1 15 250.23 19 7760. 48 i5 12313.00

II PLAN F2 15 531.99 15 17828.3¢ 15 17828.88
PLAN F1 15 143.72 15 13511.81 15 17828.90

III PLAN F2 13 3435.80 15 14150.80 15 195355. 19

GEOMETRIC MEAN TITERS IN INTERNATIOMAL UNITS

Visit 1 Visit 2 Visit 3

N GMT N GMT N GmT
TYPE cemm mmm————— wmmm mmmmmaee G- -
FLAN F1 15 2.02 15 S6.21 15 57.05
I PLAN F2 15 3.91 15 46.72 15 65.54
PLAN F1 15 1.41 15 43.85 15 £9.60
II PLAN F2 15 3.01 15 100.73 15 100.73
PLAN F1 15 1.44 15 135.12 15 178.29

IIT PLAN F2 15 3.46 15 141.51 15 195.55



TABLE 28
Folio Protocol 01

NASOPHARYNGEAL SECRETIONS NEUTRALIZING ANTIEODIES

PERCENT WITH DETECTABLE ANTIRODY TITER

Visit 1 Visit 2 Visit 3

TYPE @ memmmmmmmmmmee e ettt e
FLAN FL 6715 { 0.0) ii/1s ( 73.3) 8715 ( 53.3)
I FLAN F2 4/13 ( 26.7) 9/15 {( 60.0) 10715 ( 66.7)
FLAN F1 2/15 ( 13.3) 12715 ( 80.0) 10/15 ( 66.7)
II PLAN F2 1715 ( E.7) 12715 ¢ 80.0) 10/15 ( &E.7)
PLAN F1 4/15 ( 26.7) 13715 ( 86.7) 14715 ( 93.3)
III PLAN F2 6/135 ( 40.0) 12713 ( 80.0) 11715« 73.3)
PLAN F1 3/13 ( 33.3) 14/18 ( 93.3) 14/15 ( 93.3)
ANY PLAN F2 B/15 ( 33.3) 14/13 ( 93.3) 14/15 ( 23.3)

GEOMETRIC MEAN TITERS

Visit 1 Visit 2 Visit 3

N GMT N GMT N GHT
TYPE mmmm e mmmm mmmmmeee —mm e
PLAN F1 15 0.00 15 6.35 15 £.65
I FLAN F2 15 1.45 15 3.17 15 5.79
PLAN F1 15 1.45 15 7.29 15 9.62
I1 FLAN F2 1S 118 15 3.13 15 7.6
PLAN F1 15 1.74 15 12.70 15 20.16
III PLAN F2 15 2.19 15 10.56 15 11.58

GEOMETRIC MEAM TITERS IN INTERNATIOMAL UNITS

Visit 1 Visit 2 Visit 3

N GMT N GMT N GHT
TYPE mmmm - s—mm e —mmm e
FLAN F1 15 0.00 15 0.07 15 0.08
I PLAN F2 15 0.02 15 0.04 15 0.07
FLAN F1 15 0.01 15 0.04 15 0.05
II FLAN F2 15 0.01 15 0.05 15 0.04

FLAN F1 15 0.02 15 0.13 15 0.20
IIT PLAM F2 15 0.02 15 0.11 15 0.12



) TABLE 29
Folio Frotocol 01

STOOL SPECIMENS NEUTRALIZING ANTIRODIES

PERCENT WITH DETECTAELE ANTIBODY TITER

Visit 1 Visit 2 Visit 3
L e I
FLAM F1 0715 ( 0.0) 3715 ( 20.0) 1715 ( 6€.7)
I FPLAN F2 2/13 ( 13.3) 2/14 ( 14.3) 27135 ( 13.3)
FLAN F1 0/15 ¢ 0.0 2715 ( 13.3) 1715 ( &.7)
II PLAN F2 2713 ( 13.3) 2714 ( 14.3) 7/19  ( 46,.7)
FLAN F1 013 ( 0.0) 3715 ( 20.0) S/15  ( 33.3)
ITI FPFLAN F2 1/15 ¢ €.7) 7/14 ( 50.0) 7/15  ( 46.7)
FLAN F1 0715 ( 0. 6/13 ( 40.0) 5/15 33.3)
ANY PLAN F2 3/15 ( 20.0) 8/15 ( 53.3) 8715 ( 53.3)
GEOMETRIC MEAN TITERS
Visit 1 Visit 2 Visit 3
N GHT N GMT N GHT
TYFE m————  mm——m——— m——— e e—m——— i
PLAN F1 i5 0.00 15 1.32 15 1.20
I FLAN F2 15 1.26 i4 1.28 15 1.45
FLAN F1 i5 0.00 15 1.32 15 1.32
II PLAN F2 15 1.32 14 1.49 15 3.48
FLAN F1 is 0.00 15 1.99 15 2.1%
III PLAN F2 13 1.15 14 2.97 15 3.48

GEOMETRIC MEAM TITERS IN INTERMATIOMAL UNITS

Visit 1 Visit 2 Visit 3

N GmT N GMT M GMT
TYFE S e e -
FLAN F1 15 0.00 13 0.02 13 0.01
I FLAN F2 15 0.01 14 0.01 15 0.02
FLAN F1 15 0.00 13 0.01 15 0.01
II PLAN F2 13 0.01 14 0.01 13 0.02
FLAN F1 13 0.00 13 0.02 13 .02

III PLAM F2 15 0.01 14 0.03 15 0.03



TABLE 30

Polio Frotocol 01

nASOPHARYNGEAL SECRETIONS ®)@) 14n anTIBODIES

FERCENT WITH DETECTABLE ANTIRODY TITER

Visit 1 Visit 2 Visit 3

TYRE =~ Sememmesemosesomns Semedtesmesmmiees memesemceeceemeee
FLAN F1 8/14 ( 57.1) 11715 ¢ 73.3) 10715 ( €6.7)
I FLAN F2  10/15 (€ 66.7) 10715  ( 66.7) 12715 ¢ 80.0)
FLAN F1 10/14 ( 71.4) 10715 ¢ 66.7) 10/15  ( €6.7)
IT PLAN F2  10/15 ( 66.7) 10715 ¢ 66.7) 13715 ¢ 86.7)
PLAN F1 10/14 ( 71.4) 12/15 ¢ 80.0) 11715 ¢ 73.3)
IIT PLAN F2  11/15 ( 73.3) 10/15 ¢ 66.7) 14/15 ¢ 93.3)
FLAN F1  10/15 ( 66.7) 12/15  ( 80.0) 11/15 ¢ 73.3)
ANY FLAN F2  11/15 ¢ 73.3) 10/15 ¢ 66.7) 14/15 ¢ 93.3)

GEOmMETRIC MEAN TITERS

Visit 1 Visit 2 Visit 3

M GMT N GMT N GMT
TYPE e ———m mmmeee- e
PLAN F1 14 8.41 15 8.77 15 13.93
I PLAN F2 15 12.13 15 6.96 15 10.56
PLAN F1 14 9.28 15 8.77 15 12.70
II PLAN F2 1S 8.00 15 7.29 15 14.59
FLAN F1 14 13.79 15 13.30 15 13.25

III FLAN F2 15 10.36 15 10.08 15 20.16



TABLE 31
Folio Protocol 01

STOOL SPECINENSCB}GQ‘ IgA ANTIBODIES

FERCENT WITH DETECTARELE AMTIRODY TITER

Visit 1 Visit 2 Visit 3

TYPE =~ mrmmmmmmemmememes e mmmmmemes e
FLAN F1 3715 (¢ 20.0) 2/15 ( 13.3) /15 ( 33.3)
I PLAN F2 3715 ( 20.0) 1718  &.7) 3/15 ( 20.0
PLAN F1 3715 ¢ 20.0) 4/15 ( 26.7) &/15 ( 40.0)
II PLAN F2 4715 ( 86.7) 6/15 ( 40.0) 3715 ( 33.3)
FLAN F1 3715 ( 20.0) 9/15  ( 33.3) 6/13 ( 40.0)
III FPLAN F2 3713 ( 20.0) /15 ( 33.3) 4713 ( 26.7)
FLAN F1 3715 ( 20.0) /15 ( 33.3 /15 ( 46.7)
ANY PLAN F2 4715 ( 26.7) 8715 ( 53.3 6713 ( 40.0)

GEOMETRIC MEAM TITERS

Visit 1 Visit 2 Visit 3

N GMT N GMT N GHT
TYPE mmem mmmeee- e e
FLAN F1 15 1.82 15 1.32 15 2.1
I PLAN FB2 15 1.82 15 1.15 15 1.59
PLAN F1 15 1.66 i5 1.82 15 2.52
II PLAN F2 15 1.91 15 2.30 15 2.19
FLAN F1 15 1.82 15 2.19 15 2.52

III PLAN F2 15 1.359 15 2.19 15 2.00



TABLE 32
Folio Frotocol 01

SERUM NEUTRALIZING ANMTIBODIES
PATIENTS HAD CONTACT WITH OFV

FERCENT WITH DETECTAELE ANMTIRODY TITER

Visit 1 Visit 2 Visit 3

TYPE =~ —mmoomoms—somsmmom eeeemm—mm—mmmmemmsn e
Plan F1l 7/ 7 (100.0) 7/ 7 (100.0) 7/ 7 (100.0)
I Plan F2 9/ 3 (100.0) 3/ 9 (100.0) 3/ 3 (100.0)
“lan F1 7/°7  (100.0) 7/ 7 (100.0) 7/ 7 (100.0)
II Plan F2 3/ 5 (100.0) 3/ 5 (100.0) 2/ 3 (100.0)
Flan F1 7/ 7 (100.0) 7/ 7 (100.0) 7/ 7 (100.0)
IIT FPlan F2 3/ 5 (100.0) 9/ 3 (100.0) 3/ 9 {100.0)
Flan F1 7/ 7 (100.0) 7/ 7 (100.0) 7/ 7 (100.0)
ANY  Flan F2 a9/ 9 (100.0) 3/ 3 (100.0) 9/ 9% (100.0)

GEOMETRIC MEAN TITERS

Visit 1 Visit 2 Visit 3

M GAT N GMT M GAMT
TYFE W Mot ——==  mmmmamaea ———= emm—————
Flan F1 7 215. 34 7 8400.23 7 7608, 30
I Plan F2 5 422.24 =t 2940.67 a S8A1. 34
Flan F1 7 430.69 7 6891.02 7 12482.72
IT Plan F2 S 211.12 3 8914.46 S 8314.44
Plan F1 7 118. 488 7 10240.02 7 1£800.50
III Plan F2 5 997.15 S5 17828.92 S 23525. 40

GEOMETRIC MEAM TITERS IM INTERMATIOMAL UNITS

Visit 1 Visit 2 Visit 3
N GMT N GMT N GnT
TYFE mmmm mmmmmee- —emm oo R
Plan F1 7 2.51 7 98.03 7 88.79
I Plan F2 5 4.93 5 34.32 5 €8.64
Plan F1 7 2.43 7 38.93 7 70.5
II Plan F2 5 1.19 5 50.37 S 50.37
Flan F1 7 1.19 7 102. 40 7 168.00
II1 Plan F2 5 5.57 5 178.29 5 235.25



TABLE 33
Folio Frotocol 01

SERUM NEUTRALIZING ANTIBODIES
PATIENTS DID NOT HAVE CONTACT WITH OFV

FERCENT WITH DETECTABLE ANTIHEODY TITER

- Visit 1 Visit 2 Yisit 3
Plan Fi 7/ 8 ( 87.5) 7/ 8 ( 87.5) 8/ 8 (100.0)
I plan F2 10710 (100.0) 10710 (100.0) 10710  (100.0)
Flan Fi 2/ 8 ¢ 87.5) 8/ 8 (100.0) 8/ 8 (100.0)
IT elan F2 10710  (100.0) 10710  (100.0) 10710  (100.0)
Plan Fi 7/ 8 ( 87.5) 8/ 8 (100.0) 8/ 8 (100.0)
III Plan F2 3710 ( 30.0) 10710  (100.0) 10/10  (100.0)
Plan F1 7/ 8 ( 87.5) 8/ 8 (100.0) 8/ 8 (100.0)
ANY Plan F8 10710 (100.0) 10710 (100.0) 10710  (100.0)
GEOMETRIC MEAN TITERS
Visit 1 Visit 2 Visit 3
- N GMT N GnT N GNT
TYEE A cmmm e T R, .o
Plan F1 8 142,68 8 2960.63 8 3319.91
I Plan FB 10 538.57 10 4671.71 10 5487 48
Plan F1 8 155. 60 8 8610.79 8 12177.50
I1 Plan F2 10 844.49 10 25213.87 10  25213.84
Plan Fi 8 169. 68 8  17221.64 8  18780.27
IIT Plan F2 10 572.43 10 12606.92 10 17828.30
GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS
Visit 1 Visit 2 Visit 3
N GMT N GMT N GMT
TYFE S S ... W N IO
Plan Fi 8 1.67 8 34,55 8 38.74
I fPlan F2 10 3. 48 10 54,52 10 6404
Plan F1 8 0.88 8 48.65 8 68. 80
I Plan F2 10 477 10 142, 46 10 142, 46

Flan F1 8 1.70 a 172.22 8 187.80
I1T Plan F2 10 2.72 10 126.07 10 178.29



w 7855 n.w. 12th street, suite #114, miami, florida 33126-1818
M p.0. box 52-3980, miomi, florida 33152-3980
MERIEUX INSTITUTE, INC. phone (305) 593-9577 [ telex: 807387

April 21, 1989

Dr. Paul Parkman

Director

Center for Biologics Evaluation
and Research

ATTN: Division of Product
Certification, ATTN: HFN-825
Parklawn Building, Room 9B-05
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Enclosed in triplicate is a final summary report of the
results of clinical trials on our enhanced Poliovirus
Vaccine, inactivated. The data represents the immuno-
genicity studies of Drs. Pearay Ogra and Howard Faden, State
University of New York/Children’s Hospital, Buffalo and Drs.
Marshall McBean and John Modlin, Johns Hopkins University,
Baltimore.

The results of these trials show that the Merieux vaccine has
excellent immunogenicity and safety.
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Pinya Cohen,

Vice President
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Regulatory Affairs
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MERIEUX INACTIVATED POLIOVIRUS VACCINE

FINAL REPORT OF CLINICAL STUDIES AT

SUNY/CHILDREN’S HOSPITAL, BUFFALO, NEW YORK
JOHNS HOPKINS UNIVERSITY, BALTIMORE, MARYLAND

SUMMARY

Two doses of Merieux Inactivated Poliovirus Vaccine (M-
IPV) at 2 and 4 months of age, followed by a booster dose at
12 months of age, gave excellent neutralizing antibody re-
sponses to three types of poliovirus. IPV and OPV alone pro-
duced similar levels of neutralizing antibody and IgA in the
nasopharyngeal secretions. A combined schedule of IPV and
OPV resulted in a slight priming effect after primary immuni-
zation for Type II poliovirus by IPV on mucosal immune re-
sponse of OPV for neutralizing antibody and IgA in the naso-
nasopharyngeal secretions and for IgA in the stool. This
priming effect was not seen after immunization with a booster
dose.

Merieux IPV induced comparable responses in premature
and full term infants.

Single and two dose boosters in adults showed high
anamnestic responses in all recipients and that a second dose
is unnecessary.

There were no significant adverse reactions.



INTRODUCTION

The Merieux Inactivated Polio Vaccine (M-IPV) produced
from continuous cell lines of Vero cells using microcarrier
culture has been extensively tested in Finland, Israel,
India, Brazil, Indonesia, Mali, France and the United States.
This highly purified more potent vaccine has been shown to be
safe, highly immunogenic and efficacious when used in a two
dose schedule for primary immunization followed by a booster
dose.

A clinical trial at Johns Hopkins comparing M-IPV to the
oral polio vaccine currently used in the United States, show-
ed that approximately 99% of children had neutralizing anti-
bodies to all three types of polio virus after receiving M-
IPV at 2 and 4 months of age, and that a significant boost in
titers occurred after the third dose at 18 months of age
(Amer. J. Epid. 128: 615-618, 1988). The titers to M-IPV
were superior to OPV given in the same 3 dose schedule. This
vaccine was made exactly as the Vero cell vaccine intended
for license, except the cell substrate for the Johns Hopkins
trial was primary monkey kidney cells.

In December 1985, the Office of Biologics requested that
75-100 children and 25-30 adults be immunized according to
the United States schedule. In response to this request,

clinical studies on children and adults were carried out at



State University of New York/Children’s Hospital, Buffalo by
Drs. H. Faden and P. Ogra. Supplemental studies on groups of
children using three of the four groups tested in Buffalo
(only IPV or combined schedules) were initiated at Johns
Hopkins by Drs. M. McBean and J. Modlin at a later date.

To meet the FDA request for M-IPV Tlicensure, data are
now presented on children and adults from Buffalo and on

children only from Baltimore.

METHODS

Details of the methods used are outlined in the proto-
cols already submitted under IND. Merieux IPV Lots 71102,
71103, Al243, A0301 and A0304 were used. The general
approach was to compare immunogenicity of two primary doses
of M-IPV, OPV, or a combined schedule in 2 month old
children. Originally the recruitment targets were a minimum
of 15-20 children each in Groups A, C and D, and 50-60
children were to be recruited in Group B. These numbers were
exceeded for all groups. The groups and vaccine schedules
are shown below:

IMMUNIZATION PLAN FOR CHILDREN
GROUP 2_MONTHS 4 MONTHS 12 MONTHS

A OPV 0PV OPV
B IPV IPV IPB
C IPV OPV oPV
D IPV IPV OPV



Buffalo enrolled children in all groups; Johns Hopkins
enrolled children in all groups except Group A.

Blood samples for antibody determinations were collected
at 2 and 4 months of age just prior to administration of vac-
cine and one month after the second and third doses of vac-
cine. A detectable serum neutralizing antibody titer was
considered >1:10; for neutralizing antibody in the naso-
pharyngeal secretions and stool >1:4 and forwﬁﬁ "IgA in the
NPS and stool >1:8. GMT’s were computed and also e;pressed in
international units based on the FDA reference serum results.

For the adult studies, 30 individuals were immunized and
available for the analysis. Half received one dose (Group
F1) and half received a second dose 4 weeks later (Group F2).
Serum antibody titers were done prior to immunization and 4

weeks after each dose of vaccine.

RESULTS IN CHILDREN

M-IPV induced detectable neutralizing antibodies after
two doses of vaccine in 97.8% to 100% (Type I), 100% (Type
11), and 96.7% to 100% (Type III) of the children (Table 1).
Two doses of OPV gave 100% response for all types of
poliovirus and a mixed schedule of IPV and OPV induced 96.6%
response for Types I and III and 100% response for Type II.
The booster dose did not appreciably change the response

rates.



The GMT (Table 2) rose approximately 10-fold after two
doses and nearly 100-fold post-booster in all groups for Type
I. For Type II, two doses of IPV gave lower GMT’s than OPV
or a mixed schedule, but produced overall even greater titers
and fold increases pre- and post-booster than Types I or III.
The GMT obtained for Type III with mixed schedules was sig-
nificantly lower with a mixed regimen of IPV-OPV-OPV than
IPV-IPV-OPV or the other two regimens using all IPV or all
OPV.

Table 3 presents similar neutralizing antibody data ex-
pressed in international units.

Table 4 shows that two primary doses and a booster dose
of M-IPV produced neutralizing antibodies in the nasopharyn-
geal secretions (NPS) in 64% of the children compared to 90%
in all OPV recipients and 58% to 68% in recipients of mixed
schedules.

After primary immunization, the GMT for Type II was
slightly higher in recipients of the IPV-OPV schedule than
with OPV alone indicating a priming effect by IPV on OPV-
induced antibody (Table 5). The priming effect was not seen
post-booster. The NPS neutralizing antibody Tevels for all
types were highest post-booster in children who received only
OPV. The data expressed as international units are shown in
Table 6.

The percentage of children with IgA antibodies in the

NPS (Table 7) were generally at similar levels for M-IPV,



mixed schedule, and OPV for all types of poliovirus after
only two doses but were highest in children receiving the
mixed schedule of IPV-OPV-OPV. This advantage disappeared
post-booster in favor of the all OPV schedule. This pattern
was also reflected in the GMT (Table 8).

The percentage of children receiving only IPV with de-
tectable neutralizing antibody in the stool was less than 15%
and did not show any appreciable change even after a booster
(Table 9). Recipients of either of the mixed schedules or
only OPV developed substantial increases in stool antibody,
ranging from 23% to 57% for the three types post-booster.
Both the percentage with antibody and the GMT were highest
for Type 11 (Tables 10 and 11).

As was the case with neutralizing antibody in the stool,
the percentage of children with detectable IgA levels in the
stool was essentially unchanged following primary and booster
doses of only IPV (Table 12). The mixed schedules resulted
in approximately 35% detectable IgA for all three polio types
and OPV only ranged from 35% to 55% detectable IgA. The GMT
followed a similar pattern (Table 13).

Premature and full-term infants responded equally to
primary and booster doses of M-IPV. The percent with detect-
able antibody titers was essentially 100% to all three types
of poliovirus (Tables 14, 15, 16).



RESULTS IN ADULTS

Nearly all adults had detectable neutralizing antibodies
at the time of entry into the study, so that a single dose of
M-IPV ensured a 100% response (Table 17).

A single dose of M-IPV induced increases in GMT of near-
1y 30-fold for Type I, 50-fold for Type II and 125-fold for
Type III. A second dose of IPV did not significantly in-
crease the GMT compared to only a single dose.

The results of neutralizing antibodies in the NPS (Table
18) show that the percent of subjects with detectable anti-
body was the same with one or two doses, suggesting that a
greater increase over base titer and higher GMT is obtained
in individuals who had a lower antibody titer upon entry.

In contrast, both the percent of individuals with stool
neutralizing antibody and the GMT were higher in adults re-
ceiving two doses of M-IPV compared to only one dose (Table
19).

The IgA antibody levels in the NPS and stool were simi-
lar for one or two doses, although there was a higher per-
centage of detectable antibody in NPS of recipients of two
doses compared to one dose of M-IPV (Tables 20 and 21).

There were no major differences in antibody responses
whether there was exposure or nonexposure to OPV (Tables 22

and 23).



ADVERSE REACTIONS

There were no serious adverse reactions reported at
either Buffalo or Johns Hopkins.

The Johns Hopkins protocol was set up to include tele-
phone follow up with the patients at 24 hours, 2 and 3 days
after each polio immunization to inquire about adverse reac-
tions. Surveillance at Buffalo was limited to an interview
during each immunization visit and no adverse experiences
were reported other than one adult complaining of redness at
the injection site.

Johns Hopkins enrollment is shown below:

Group No. Enrolled No. Completing Study

B 54 44
C 16 14
D 16 16

The reactions were summarized as follows:

No. of Reaction No. Children % with Temps.

Immunization # Forms with >100.6
>100.6
1 86 ) 10
2 79 14 18
3 75 5 7

There were no serious local or systemic reactions in any
of the children in this study.
Most of the children received DTP at the same time they

received the IPV or OPV at 2 and 4 months of age.



One child had a temperature of 103, four children
experienced temperatures of 102.

0f the 9 children who had temperatures 100.6 or greater
at the time of the first polio immunization, 7 also had local
reactions to DTP.

Of the 14 children who had temperatures 100.6 or greater
at the time they received the second polio immunization, 9
also had local reactions to DTP. Four of these chil-dren
received OPv at this time.

0f the 5 children with temperatures 100.6 or greater at

the time of the third polio immunization, 2 had colds.

DISCUSSION

This study has demonstrated that two primary doses of M-
IPV given at 2 and 4 months of age followed by a booster dose
at 12 months of age produce excellent neutralizing antibody
responses to all three types of poliovirus. The percentage
of children with detectable antibody to the Vero cell vaccine
was comparable to and the GMT’s higher than results obtained
in the earlier Johns Hopkins/CDC/FDA study with M-IPV produc-
ed in primary monkey kidney cells.

Two chi]dren'gy&%? ; immunized at the same pri-
vate clinic with two doses of M-IPV, formed good neutralizing
antibody titers to Type II but not to the Types I and III
poliovirus. The Type II baseline titer and titer one month

post 12-month booster, was 320 for both children. The Types



®)6)

[ and III titers at baseline and post-booster were for|

10 and <10 and 40 and 20, respectively; for N 10 and <10
and <10 and 20, respectively. Both children had-norma1 IgG
at 5 months of age and measurable tetanus antibody levels at
13 months of age. It appears the children were immunocompet-
ent, but the reason for poor Types I and III response are
unclear.

This study has shown that children given two doses of
only OPV or only M-IPV produce similar levels of neutralizing
antibodies and IgA in the NPS. Following the booster dose,
the number of children with neutralizing antibody and the
neutralizing antibody level increases further but is approxi-
mately one-half that for OPV in IPV recipients. Nevertheless
this level of neutralizing antibody produced by enhanced IPV
in the nasopharyngeal secretions is noteworthy.

The strong priming effect of one dose of M-IPV on the
mucosal antibody induced by a dose of OPV seen earlier in the
primary immunization phase of the study is not maintained in
the GMT following booster doses. One month after the booster
dose, either of the mixed schedules induced lower GMT’s than
a schedule of only OPV. Nevertheless, these data clearly
show that enhanced M-IPV stimulates local immunity when used
alone or in a combination schedule with OPV.

Based on stool antibody data, "gut immunity" appears to

be a concept applicable to both M-IPV and OPV. Both vaccines

10



used alone or in combination gave detectable neutralizing
antibody in the stool with similar GMT’s.

Because approximately 25% of the infants receiving two
doses of IPV were premature births, it was possible to com-
pare responses to full-term infants.  Although full-term
infants had higher maternal antibody levels, as expected,
both premature and full-term infants had similar percentages
of responders and comparable GMT’s after two doses of IPV.

The studies in adults showed that a single dose of M-IPV
produced booster responses with very high titers of neutral-
izing antibodies and that a second dose is unnecessary. How-
ever, stool neutralizing antibody Tlevels were higher in

adults receiving a second dose of IPV.

11



Foalld Frotoco

Mos

— e
[ F I (O 1 I S (U

Mos

Percent with Detectable Antibody Titer

TABLE 1

Serum Neutralizing Arntibodies

Efficacy Fatients

12

Type I
B C D
17/ &3 ( 73.9) 327116 ( 73.3) 28/ 32 ( 87.%) 23/ 34 ( 85.3)
17/ &2 ( 77.3) 68/ 33 ( 73.1) 23/ 23 ( 73.3) 27/ 23 ( 33. 1)
22/ 22 (100.0) a3/ 31 ¢ 97.8) 28/ 23 ( 36.6) 239/ 23 (100,0)
17/ 22 ( 77.3) 78/ 85 ( 31.8) 27/ 23 ( 33.1) 26/ 27 ( 36.3)
20/ 20 (100,0) ai/ 83 ( 37.6) 287 28 (100.Q) 26/ 26 (100, 0)
Type II
A B c D
2e/ &3 ( 95.7) 100/116 ( 86.2) 30/ 32 ( 33.8) 32/ 34 ( 94.1)
21/ 22 ( 35.3) 839/ 33 ( 95.7) 23/ 29 (100.0Q) 29/ 23 (100.0)
22/ 22 (100.0) 31/ 31 (100.0) 29/ 29 (100.0) 29/ 239 (100.0)
20/ 22 ( 90.9) 73/ 85 ( 3.9 26/ 29 ( 83.7) 25/ 27 ( 32.6)
20/ 20 (100.0) 83/ 83 (100.0) 28/ 28 (100.Q) 26/ 26 (100,0Q)
Type [1I
A B c D
19/ 23 ( &z2.8) 87/116 ( 75.9Q) 23/ 32 ( 71.9) 26/ 34 ( 76.3)
17/ 22 ( 77.3) 78/ 33 ( 83.9) 24/ 29 ( 82.8) 23/ 29 ( 73.3)
22/ 22 (100.0) aa/s 91 ( 36.7) 28/ 23 ( 36.6) 29/ 23 (100.0)
17/ 22 ¢ 77.3) 77/ 85 ( 30.6) 25/ 29 ( 86.&) 24/ 27 ( 88.13)
20/ 20 (100.0) 83/ 83 (100.0) gb/ 28 ( 32.9) 26/ 26 (100.0)
Type Any
i B c D
227 23 ( 98.7) 115/116 ( 39.1) 31/ 32 ( 36.9) 33/ 34 ( 37. 1)
227 22 (100.0) 33/ 33 (100.0) 29/ 29 (100.0) 23/ 29 (100.0)
227 22 (100.0) 91/ 91 (100.0) 29/ 29 (100.0) 23/ 29 (100. M
22/ 22 (100.0) 82/ 8% ( 96.3) 28/ 29 ( 96.6) 26/ 27 ( 36.3)
20/ 20 (100.0Q) 83/ 83 (100.0) 28/ 28 (100,0) 26/ 26 (100.0)



TABLE 2

Folio Frotoeol o,

Serum Neutralizing Antibcdies
Reciprccal Geometric Mean Titers
Efficacy Fatients

Type I
A B C D
Mos N GMT N GMT N GMT N GMT
2 23 21.29 iie 20,37 32 25.78 34 30,07
4 22 35.70 33 12. 16 29 10.26 29 22.30
=] 22 273. 36 31 208. 84 29 250.04 29 354, 70
12 22 67.04 a8s 74.19 29 157.56 27 110.77
13 20 1470.33 a3 2101.29 28 1599. 45 26 2629.17
Type I1I
A B c D
Mos N GMT N GMT N GMT N GMT

2 a3 S50. 41 116 36. 24 32 66. 34 34 56. 54
) a2 432, 39 33 41.52 29 41.96 29 51.17
3 22 2726.51 91 952, 15 29 1442.49 29 709. 40
12 a2 403. 46 as 128. 45 29 304, 35 27 203. 44
13 20 3377.%4 83 35120.00 28 4305.39 26 6337.16

Type III
A B c D
Mos N GMT N GMT N GMT N GMT
2 a3 17.08 116 15. 40 32 11.66 34 15.05
4 22 17.85 93 21. 15 29 17.08 29 15. 89
-1 22 351.72 91 60%. 1S 29 72. 13 29 1200. 22
12 22 78. 48 a8s 84.39 29 46.96 27 35.83
13 20 1522.19 a3 4332, 44 28 570. 50 26 1960. 32



TABLE 3 14
Folio Frotocel . 1&/21/38

Serum Neutralizing Antibodies
Reciprocal Geometric Mearn Titers in Internaticral Urits
Efficacy Fatiernts

Type I
A B » D
Mos N GMT N GMT N GMT N GMT
2 23 0.25 116 Q.24 32 0.30 34 0. 35
4 22 0. 42 33 0.14 23 o.12 29 0.27
o] 2a 3. 19 D 2. b4 29 2. 32 29 4.14
] 22 0.78 83 0. 87 239 1.84 27 1.23
13 20 17. 16 a3 24. 5¢ 28 18.67 26 30.68
Type 11
8] B c D
Mos N GMT N GMT N GMT N GMT
2 23 0.28 116 0.20 32 0.37 34 0. 32
4 22 2.78 93 0.23 29 0. 24 29 0.29
S 22 15. 40 91 3.12 29 8. 15 29 4,01
12 22 2.28 as 0.73 29 2. 8% 27 $:15
13 20 13.09 a3 28.93 28 24. 33 26 35. 80
Type III
A B c D
Mos N GMT N GMT N GMT N GMT
2 23 0.17 116 0.13 32 0.12 34 0. 15
4 2z 0.18 93 0.21 29 0.17 29 0.16
S 22 3.5 91 6.03 29 0.72 29 12.00
12 22 0.78 as 0.85 29 0. 47 27 Q. 36



TABLE 4

Nasopharyrgeal Neutralizing Antibodies
Fercent with Detectable mntibody Titer
Efficacy Fatients

Type I
Mos A B c D
& 6/ 22 { &7.3) S/ 33 ( S.4) 1/ &3 ( 3.4) 0/ 23 ( 0,0)
3 &6/ & ( 27.3) 23/ 31 ( 25.3) L7 23 ¢ 37.3) 6/ 23 ( 20.7)
12 7/ &2 ( 31.8) 6/ 85 ( 7.1) 3/ 29 ( 10.3) 2/ 27 ¢ T7.4)
13 tas 20 ( 70.0) 27/ 83 ( 32.3) 127 28 ( 42.3) 3/ 26 ( 34.6)
Type 11
Mos A B c D

4 15/ 22 ( 88.2) 4/ 33
S 15/ 22 ( 68.2) 32/ 9
12 1S/ 22 ¢ ea.&) 10/ 83
13 17/ 20 ( 83.0) 33/ 83

4. 3) 3/ 23 ( 10.3) 9/ 23 ¢ 0.0
35.2) 20/ 29 ( 6%.0) 10/ 23 ( 34.5)
11.8) 3/ 2% ( 31.0) 4/ 27 ( 14.8)
47.0) 187 28 ( 64.3) 15/ a8 ( 57.7)

- o

Type I1I
Mos A B c D
& 4/ 22 ( 18.2) 5/ 393 ( 5.4) 2/ 29 ( 6.9 0/ 29 ( 0.0)
s 3/ 22 ( 40.9) 34/ 91 ( 37.4) &/ 23 ( 20.7) 10/ 29 ( 34.3)
iz 8/ 22 ( 36.4) 10/ 85 ( 11.8) 2/ 29 ( 6.3) 2/ 27 ( 7.4)
i3 15/ 20 ( 75.0) 40/ 83 ( 48.2) as 28 ( 28.6) 7/ 26 ( 26.9)
Type Any
Mos R B c D
& 16/ 22 ( 72.7) 6/ 33 ( 6.3) 4/ 29 ( 13.8) 0/ 29 ( 0.,0)
S 16/ 22 ( 72.7) 43/ 91 ( 47.3) 21/ 29 ( 72.4) 13/ 29 ( 44.8)
12 16/ 22 ( 72.7) 14/ 8% ( 16.9) 127 29 ( 4l1.4) 6/ 27 ( 22.2)
13 187 20 ( 90.0) 53/ 83 ( 63.73) 13/ 28 ( 67.9) 157 26 ( 7. 7)



TABLE 5
Falio Protocod

Nasopharyngeal Neutralizing Arntibodies
Reciprocal Gecwmetric Mean Titers
Efficacy Patients

Type I
A B C D
Mos N GMT N GMT N GMT N GMT
& 22 1.86 33 1.25 29 L. 17 23 0. 00
S 22 1.82 31 1.88 29 2. T4 23 1.43
12 22 2. 31 as 125 a9 1.24 27 l.14
13 20 S. 66 83 2.17 28 2.63 2 2.05
Type 11
c D
Mos N GMT N GMT N GMT N GMT
4 22 7.19 33 1.22 29 1.29 29 0. 00
S 22 6.83 31 2.33 29 7.81 29 2.31
12 22 7.91 8% 1.38 29 2. 31 27 1.40
13 20 17. 15 a3 3.29 28 7.25 26 6.29
Type II1
c D
Mos N GMT N GMT N GMT N GMT
4 22 1.74 33 1.24 29 1.23 29 Q.00
S 2e 2.9 21 2.83 29 1.50 29 2.31
12 22 3.17 as 1.41 29 1.27 =y | ladl
13 20 6. 50 83 3. 39 8 1.25 26 2.4l

=138
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TABLE 6

Faolio Fraotocol oo

fardls 38
Nasopharyngeal Neutralizing Antibodies
Reciprocal Geometric Mear Titers in Intermatioral Urits
Efficacy Fatients
Type [
A B B D
Mos N GMT N GMT N GMT N GMT
4 22 0.02 33 Q.01 29 0.01 29 0,01
] 22 0. 02 31 0. 02 29 0.03 23 Q.02
12 22 0.03 83 0.01 29 0.01 27 0.01
13 20 0.07 83 0.03 28 0.03 26 Q.02
Type II
A B c D
Mos N GMT N GMT N GMT N GMT
4 22 0. 04 93 0.01 29 0.01 29 0.01
b= 22 0.04 31 0.01 29 0.04 29 0.01
12 a2 0. 04 85 0.01 29 0.01 27 0.01
13 20 0.10 a3 0.02 28 0.04 26 0.04
Type III
A B c D
Mos N GMT N GMT N GMT N GMT
4 22 0. 02 33 0.01 29 0.01 29 0.01
S a2 0.03 91 0.03 29 0.0 29 0.0e
12 22 0.03 as 0.01 29 0.01 a7 0.01
13 20 0.06 a3 0.03 28 0. 02 26 0. 02

17
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Fercent with Detectable Artibody Titer

TABLE 7

Efficacy Fatients

_UI QQ Artibcdies

Type I
Mos A E c D
& 177 22 ( 77.3) g3/ 33 ( 57.0) 21/ 23 ( 72.4) 18/ 29 ( 6e.1)
3 16/ 22 ( 7&8.7) g3/ 31 ( 84.8) 22/ 29 ( 75.9) 16/ 239 ( £58.2)
2 22/ 22 (100.0) g8/ 85 ( 80.0) 26/ 29 ( 83.7) 22/ 27 ( 81.%5)
| 20/ 20 (100.0) 65/ 83 ( 78.3) 24/ 28 ( 85.7) 19/ 26 { 73.1)
Type II
Mos A B c D
4 17/ 22 ( 77.3) S5/ 33 ( §3.1) 20/ 29 ( 63.0) 13/ 23 ( &5.5)
o] 16/ 22 « 72.7) 80/ 31 ( 635.93) 24/ 29 ( 82.8) 20/ 29 ( 6%9.0)
12 22/ 22 (100.M 63/ 85 ( 8aiL.2) g6/ 23 ( 83.7) 22/ a7 ( 81.%
13 20/ 20 (100.0) 67/ 83 ( 80.7) 26/ 28 ( 32.9 20/ 26 ( 76.3)
Type [II
Mos & B c D
& 177 22 ( 77.3) 307 33 ( 53.8) 23/ @3 ( 73.3) 20/ 29 ( 63.0)
S 177 22 ( 77.3) 99/ 31 ( £4.8) 23/ 29 ( 79.3) 21/ 29 ( 72.4)
i2 22/ 22 (100.9) 72/ 85 ( 84.7) 26/ 29 ( 89.7) 22/ 27 ( 81.%5)
13 20/ 20 (100.0) 69/ 83 ( 83.1) 26/ 28 ( 92.9) 20/ 26 ( 76.3)
Type Any
Mos A B c D
4 177 22 ( 77.3) 59/ 33 ( 83. %) 237 29 ( 79.3) 22/ 23 ( 75.3)
] 187 22 ( 81.8) 65/ 91 ( 71.4) 25/ 29 ( 86.2) 22/ 29 ( 73.3)
12 22/ 22 (100.0) 72/ 85 ( 84.7) 27/ 29 ( 33.1) 22/ 27 ( 81.9)
13 20/ 20 (100.0) 71/ 83 ( 85.3) 26/ 28 ( 32.9) 20/ 26 ( 76.3)

18



TABLE 8

Faolio Protocol wy

e, &l 38
Nasopharyngeal {828 ﬂ;tgn Artibcdies
Reciprcocal Gecmetric Mearn Titers
Efficacy Fatients
Type I
2] B c D
Mos N GmMT N GMT N GMT N GMT
4 22 13.09 33 S.62 29 11.3S 29 6.15
S 2e 15. 02 91 7.31 29 13. 86 23 S.08
12 22 61.30 83 15. 47 29 17.861 27 15.20
13 20 68.59 83 14.80 28 22.63 26 12.59
Type I1
A B c D
Mos N GMT N GMT N GMT N GMT
4 22 12.29 33 6. 47 29 10.56 29 7.81
S 22 13.24 91 7.71 29 14.20 29 7.10
12 22 61.30 a5 16.235 29 18.391 27 16. 42
13 20 37.01 a3 15.35 28 33.62 26 13.63
Type 1II
A B c D
Mos N GMT N GMT N GMT N GMT
4 22 13.09 33 5. 37 29 13, 42 29 3,02
S 22 17.04 91 7.77 29 15.62 29 7.63
12 22 32.32 8s 19.28 29 2s5.20 27 19. 1S

13 20 128. 00 83 19.98 28 40.99 26 15. 17



TABLE 9

Folio Peomceol wl

Stcol Neutralizirg Antibcdies
Fercent with Detectable Arntibody Titer
Efficacy Fatients

Type [
Mos A B c D
4 1/ 88 ( 4.9 e/ 33 ( 6.5) 1/ 29 ( 3.4) 3/ 239 ( 10.3)
S &/ 22 ( &7.3) 8/ 31 ( 6&.8) 4/ 23 ( 13.8) 2/ 23 ( 6.9
12 1722 ( 4.5 47 83 ( 4.7) &/ 23 ( 20.7) 0/ 27 ( 0.0
13 7/ 20 ( 35.0) 7/ 83 ( 8.4) 10/ 28 ( 35.7) &/ 26 ( 23.1)
Type II
Mos A B c - D
4 4/ 22 ( 18,2) 3 33 ( 3.7) 1/ 23 ( 3.4) 3/ 239 ( 10.3)
] 10/ 22 ( 45,5) 107 31 ( 11.0Q) 8/ 29 ( 27.8) S5/ 23 ( 17.2)
12 6/ 22 ( 27.3) 3/ 835 ( 10.86) 117 23 ( 37.9) 17 27 (¢ 3.7)
13 11/ 20 ( $5.0) 10/ 83 ( 12.0) 16/ 28 ( §7.1) 11/ 26 ( 42.3)
Type I1I
Mos A B c - D

- —_— - —— — i i i i e o e e

4 1/ 22 ( 4.%5) 7/ 33 ( 7.95) 1/ 29 (, 3.4) 3/ 29 ( 10.3)
S 6/ 22 ( 27.3) 9/ 91 ( 3.9) 3/ 29 ( 10.3) 2/ 29 ( 6.9)
12 4/ 22 ( 18.23) &/ 835 ( 7.1) S/ 2% ( 17.2) 0/ &7 ( 0.0
13 8/ 20 ( 40.0) 9/ 83 ( 10.8) 7/ 28 ( 25.0) 6/ 26 ( 23.1)

Type Any
Mos A B c D
4 4/ 22 ¢ 18.2) 12/ 33 ( 12.9 1/ 29 ( 3.4) 3/ 29 ( 10.3)
S 13/ 22 ( %9.1) 17/ 31 ( 18.7) 8/ 29 ( 27.6) 6/ 23 ( 20.7)
12 7/ @ ( 31.8) 9/ 85 ( 10.8) 13/ 23 ( 44.8) 1/ 27 ¢ 3.7
13 127 20 ( 60.0) 12/ 83 ( 14.5) 16/ 28 ( S§7.1) 11/ 26 ( 42.3)



TABLE 10
Folio Brotocol O 1Esat
Stool Neutralizing Antibcdies

Reciprocal Gecmetric Mean Titers
Efficacy Patients

Type I
A B c D
Mos N GMT N GmMT N GMT N GMT
4 o2 1.07 93 1.26 29 1.17 29 1.61
S 22 1.74 31 1.285 29 1. 49 29 1.26
12 22 1. 10 a3 17T 29 1.56 27 0. 00
13 20 2,32 as 1.36 28 2.24 26 1.33
Type 11
A B c D
Mos N GMT N GMT N GMT N GMT
4 22 1.82 93 1. 34 29 1.17 29 1.61
S 22 3.83 91 1.31 29 2.13 29 1.52
12 2 2.00 as 1.31 29 2.58 27 1.05
13 20 6. 94 a3 1. 47 28 5. 33 26 4,18
Typa III
A B c D
Mos N GMT N GMT N GMT N GMT
4 22 1.07 93 1. 30 29 1. 17 29 1.61
S 22 1.74 9 £.31 29 . 42 29 1.23
12 22 1.71 as 1.20 29 1. 52 27 0. 00
13 20 3. 47 a3 1.41 28 1.89 26 2.03



TABLE 11

Faolio Fraotocol Su

Stool Neutralizirng Antibodies
Reciprocal Geometric Mearn Titers in Irnterratioral Urnits
Efficacy Fatients

Type I
A B c D
Mos N GMT N GMT N GMT N GMT
4 22 0.01 33 0.01 29 0.01 23 0. 0e
S 22 0.02 31 0.01 239 0.02 293 0.01
12 22 0.01 8s 0.01 29 0. 02 27 0.01
13 20 0.03 83 0.02 28 0.03 26 0.02
Type 11
a B c D
Mos N GMT N GMT N GMT N GMT
4 22 0,01 93 0.01 29 0.01 23 0.01
S 22 0.02 91 0.01 29 0.01 29 0.01
ie 22 0.01 as 0.01 29 0.01 27 0.01
13 20 0. 04 83 0.01 28 Q.03 26 0.02
Typae III
A B c D
Mos N GMT N GMT N GMT N GMT
& 22 0.01 33 0.01 29 0.01 29 0.02
1 22 Q.02 ) 0.01 29 0.01 29 0.01
12 e Q.02 as 0.01 29 0.02 27 0. 01
13 20 0.03 a3 0.01 28 0.02 26 0. 02

(e



TABLE 12

;'I:I L Lo Froracol ES
stool [ 1gR Antibodies
Fercent with Detectable Antibody Titer
Efficacy Fatients
Type [
Mos f B c D
& 4/ 22 ( 18.2) 13/ 33 « 20.4) 4/ 23 ( 13.8) 4/ 29 ( 13.8)
g 4/ 22 ( 18.2) 16/ 31 ( 17.8) 4/ 23 ( 13.8) 3/ 29 ( 10.3)
12 6/ 22 ( 87.3) 187 85 ¢ 21.2) &/ 29 ( 20.7) 3/ &7 ( 18.5)
13 7/ 20 ( 35.0) 157 83 ( 18.1) 6/ 28 ( 21.4) 1o/ 26 ( 38.3)
Typa II
Mos A B c D
4 2/ 22 ( 32.1) 17/ 33 ( 18.3) 6/ 23 ( 20.7) S/ 29 ( 17.2)
S 3/ 22 ( 13.6) i6/ 31 ( 17.8) a8/ 29 ( 27.6) 3/ 29 ( 10.3)
12 3/ 22 ( 40.9) 18/ 85 ( 21.2) 6/ 29 ( 20.7) 2/ 27 ( T.4)
13 11/ 20 ¢ 55.0) 17/ 83 ( 20.95) 10/ 28 ( 35.7) 9/ 26 ( 34.8)
Typa III
Mos A B c D
4 4/ 22 ( 18.2) 20/ 33 ( 21.9) 5/ 29 ( 17.2) 4/ 29 ( 13.8)
S 4/ 22 ( 18.2) 20/ 31 ( 22.0) 8/ 29 ( 27.8) 6/ 29 ( 20.7)
12 8/ 22 ( 36.4) 19/ 85 ( 22.4) S5/ 29 ( 17.2) 4/ 27 ( 14.8)
13 10/ 20 ( 50.0) 177 83 ( 20.9) 10/ 28 ( 35.7) 10/ 26 ( 38.5)
Type Any
Mos 4 B c D
4 6/ 22 ( 27.3) 26/ 33 ( 28.0) 7/ 29 ( 26.1) 7/ 29 ( 24.1)
S 4/ 22 ( 18.2) 23/ 91 ( 25.3) 8/ 29 ( 27.6) 7/ 29 ( 24.1)
ie 9/ 22 ( 40.9) 23/ 85 ( 27.1) 6/ 29 ( 20.7) S/ 27 ( 18.9)
13 117 20 ( 35.0) 22/ 83 ( 26.5) 117 28 ( 39. 3) 10/ 26 ( 38.5)



TABLE 13

Folio Frotocal oo les 2t 38

L

Efficacy Patients

Type I
a B c D
Mos N GMT N GMT N GMT N GMT
4 22 1:51 33 1.9 29 1.56 29 1.73
] 22 1.69 N 1.68 29 1.45 23 1.35
12 22 2. 42 as 1.77 29 1.34 27 1.51
13 20 3.13 a3 1.70 28 1.89 26 3¢ L2
Type II
A B C D
Mos N GMT N GMT N GMT N GMT
4 22 1.21 93 1.69 29 1.76 29 1.86
S 2e 1.54 91 1.66 29 2.03 29 1.39
i2 22 3.01 h] 1.80 29 1.89 a7 1.20
13 20 3. 44 83 1.79 28 2.73 26 2.59
Type III
=] B ) D
Mos N GMT N GMT N GMT N GMT
4 22 1.51 33 1.88 29 1.64 29 1.73
S 22 1. 74 31 1.85% 29 2.13 29 .72
12 22 3.21 as 1.82 29 1.80 27 1.43
13 20 S.63 a3 1.83 28 3.09 26 3.12



TABLE 14

Folio Reatzeal o

Serum Neutralizing Antibodies
Fercert with Det=ctable Antibody Titer

Flarm B
Type I
Mos FREMATURE FULL TERM
] 3/ L3 ( 63.2) 44/ 33 ( 83.0)
4 3/ 11 ( 27.3) 32/ 46 ( 83.8)
S 117 11 (109,0) 43/ 45 ( 95.8)
12 3/ 3 (100.0) 39/ 44 ( B88.8)
13 3/ 3 (100.0) 42/ 44 ( 33.3)
Type 11
Mos PREMATURE FULL TERM
2 12/ 13 ( 32.3) 47/ 33 ( 88.7)
4 3/ 11 ( 81.8) 44/ 46 ( 95.7)
- 117 11 (100.0) 45/ 45 (100.0)
12 3/ 9 (100.0) 42/ 44 ( 95.5)
13 3/ 9 (100.0) 44/ 44 (100.0)
Type III
Mos FREMATURE FULL TERM
2 197 L3 ( 76.9) 41/ 53 ( 77.4)
5 7/ 11 ( 83.8) 38/ 46 ( 82.6)
S 11/ 11 (100.0) 43/ 43 ( 35.8)
12 9/ 9 (100.0) 40/ 44 ( 30.9)
13 3/ 3 (100.0) 44/ 44 (100.0)
Type Any
Mos PREMATURE FULL TERM
-] 13/ 13 (100.0) 53/ 33 (100.0)
4 11/ 11 (100.0) 46/ 46 (100.0)
S 11/ 11 (100.Q) 45/ 45 (100.0)
12 9/ 9 (100.0) 42/ 44 ( 935.5)

13 9/ 3 (100.0Q) 44/ 44 (100.0)



TABLE 15

Falio Frotocal
Seruwm Neutralizing Antibodies
Reciprocal Geometric Mean Titers
Flan B
Type I
FREMATURE FULL TERM
Mos N GMT N GMT
2 13 3. 34 53 26.81
4 11 2.57 46 3.37
e 11 150.23 45 131.43
L2 3 S4.43 44 63.55
13 = 2031, 87 44 1938.78
Type 11
PREMATURE FULL TERM
Mos N GMT N GMT
2 13 37.28 53 45.81
4 11 19.20 46 38.62
S 11 438.31 43 663. 16
2 9 160. 00 LT 131.190
i3 3 64350. 80 &4 5716.91
Typa 111
FREMATURE FULL TERM
Mos N GMT N GMT
2 13 18.01 53 17. 19
4 i1 9.22 46 19.62
~ i1 320. 00 45 720. 19
12 9 50. 40 44 118.08

13 9 4063.75 44  5453.01
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TABLE 16
Folia Fratocol O,

Serum Neutralizing Antilbodies
Reciprocal Geometric Mearn Titers in Intermaticnal Urits

FPlarn B
Type I
PREMATURE FULL TERM
Mos N GMT N GMT
2 13 0. 11 53 0.31
4 11 0.03 46 0.12
S 11 1.75 43 2.23
12 3 Q. 64 b4 0.74%
13 9 23:71 44 22.63
Type 11
PREMATURE FULL TERM
Mos N GMT N GMT
2 13 0.21 53 0.26
& 11 0.11 46 0.22
] 11 2. 48 45 3.7%
12 9 .30 44 0.74
13 3 36. 45 44 32. 30
Type II1
PREMATURE FULL TERM
Mos N GMT N GMT
e 13 0.18 53 0.17
) 11 0.09 46 0.20
S 11 3. 20 435 7.20
i2 9 0. 50 bt 1.18

13 9 40, 64 44 54.53



TABLE 17

Polio Frotocol 01

SERUM NEUTRALIZING ANTIRODIES

PERCENT WITH DETECTABLE ANTIBODY TITER

Visit 1 Visit 2

TYPE =~ =mmmemm—ooososssss cememeeeeeceeoo—e-
FLAN F1 14715 € 93.3) 14/15 ¢ 93.3)
I FLAN F2  15/15  (100.0) 15/15  (100.0)
PLAN F1 14715 ( 33.3) 15/15  (100.0)
II FLAN F2  15/15  (100.0) 15/15  (100.0)
PLAN F1 14715 (¢ 93.3) 15/15  (100.0)
III PLAN F2 14/15 ( 93.3) 15/15  (100.0)
FLAN F1 14/15 (¢ 33.3) 15/15  (100.0)
ANY PLAN F2  15/15  (100.0) 15/15  (100.0)

A\

GEOMETRIC MEAN TITERS

- -

15/15 (100.0)
15/15 (100.0)

15715 (100.0)
15715 (100.0)

15/15  (100.0)
15/15  (100.0)

15/15  (100.0)
15715 (100.0)

Visit 1 Visit 2 Visit 3
H GMT N GAT N GAT
TYPE mmme mmeees I meem emmemee-
PLAN F1 15 172.90 15 4816.60 15 4888.79
I PLAN F2 1S 335.13 15 4003.74 13 5615, 74
PLAN F1 1S 250.23 15 7760. 48 1S 12315.00
II PLAN F2 1S $31.99 15 17828.30 1S 17828.88
PLAN F1 1% 143.72 15 13511.81 15 17828.90
III PLAN F2 15 345.80 1S 14150.80 15 19555.19
GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS
Visit 1 Visit 2 Visit 3
o GNT N GAT N GNT
TYPE - —eme mmmmem—e- cmem mmmeeme-
PLAN F1 1S a.02 15 $6.21 15 57.0%
I PLANF2 15 3.91 15 46.72 15 65.54
PLAN F1 1S 1.41 15 43.883 15 67,60
II PLAN F2 1% 3.01 15 100.73 15 100,73
PLAN F1 185 1.46 15 135.12 13 178.23
III PLAN F2 15 3.46 15 141.51 15 195.55



TABLE 18

Folio Protocol 01

NASOPHARYNGEAL SECRETIONS NEUTRALIZING ANTIBODIES

PERCENT WITH DETECTABLE ANTIBODY TITER

Visit 1 Visit 2 Visit 3

Lttt

FLAN F1 015 ( 0.0) 11/19 ¢ 73.3) 8718 ( 53.3)

I FLAN F2 4/1% ( 26.7) 9/1% ( 80.0) 10715 (¢ €66.7)

PLAN F1 2/1% ( 13.3) 12715 ( 80.0) 10715 ( €6.7)

II PLAN F2 1715 ( 6.7 12715 ( 80.0) 10715 ( 6&.7)

FLAN F1 4715 ( 26.7) 13/1% ( 86.7) 14/15 ( 393.3)

III PLAN F2 6715 ( 40.0) 12713 ( 80.0) 11715 ( 73.3

PLAN F1 s/13  ( 33.3) 14/19 ( 93.3) 14/18 ( 93.3)

ANY PLAN F2 8715 ( 53.3) 14/15 ( 93.3) 14/18 ( 93.3)

GEOMETRIC MEAN TITERS

Visit 1 Visit 2 Visit 3

N GAMT N GAT W GMT
TYPE me== eeceee- === =eeesee- ~=== memeeae-
PLAN F1 15 0.00 15 6.35 135 €.65
I PLAN F2 13 1.45 15 3.17 13 5.79
PLAN F1 15 1. 49 15 7.29 15 9.62
II PLAN F2 13 1.15 13 9.19 L3 7.64
PLAN F1 15 1.74 13 12.70 13 20.16
IIT PLAN F2 15 2.19 19 10.36 13 11.58

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS

Visit 1 Visit 2 Visit 3

N GnT N GHT N GmT
TYPE ——== ecccae-- cemm= ecccsee= ————  memmme—aa
PLAN F1 135 0.00 15 0.07 15 0.08
I PLAN F2 135 0.02 15 0.04 15 0.07
PLAN F1 15 0.01 15 0.04 15 0.0%5
IT PLAN F2 15 0.01 . 15 0.035 i3 0,04
PLAN F1 15 0.02 15 0.13 15 0.20

III PLAN F2 15 0.02 15 0.11 13 0.12



TABLE 19
Folio Frotocol 01

STOOL SPECIMENS NEUTRALIZING ANTIBODIES

PERCENT WITH DETECTABLE ANTIBODY TITER

Visit 1 Visit 2 Visit 3

TYPE B I .

PLAN F1 0/15 ¢ 0.0) 3/15 ¢ 20.0) 1715 ¢ 6.7

I FLAN F2 2/15  ( 13.3) 2/14  ( 14.3) 2/15 ¢ 13.3)

PLAN F1 0/15 ( 0.0) 2/15 ¢ 13.3) 1715 ¢ 6.7)

II PLAN F2 2/15 ( 13.3) 2/14 ¢ 14.3) 7/15 ¢ 46.7)

PLAN F1 0/15 ¢ 0.0) /15 ( 20.0) $/15  ( 33.3)

III PLAN F2 1/15 ( 6.7 7/14 ¢ 50.0) /15 46.7)

BLAN F1 0/15 ¢ 0.0) 6/15 ( 40.0) /15 ( 33.3

ANY PLAN F2 3/15  ( 20.0) 8/15 ( $3.3) 8/1% ( $3.3)

GEOMETRIC MEAN TITERS

Visit 1 Visit 2 Visit 3

N GHT N GAT N GAT
T?pE - AR AL A AR e - - . - - s e . - - - - -
PLAN F1 13 0.00 15 1.32 15 1.20
I PLAN F2 13 1.26 14 1.28 15 1.45
PLAN F1 15 0.00 13 1.32 15 1.32
II PLAN F2 15 1.32 14 1.43 13 3.48
PLAN F1 135 0.00 13 1.39 135 2.19
III PLAN F2 15 1.13 14 2.97 13 3.48

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS

Visit 1 Visit 2 Visit 3

] GRT N GAT N GMT
TYPE ————  —mme———e
PLAMN F1 13 0.00 15 0.02 15 0.01
I PLAMN F2 15 0.01 14 0.01 15 0.02
PLAN F1 13 0.00 15 0.01 15 0.01
I1 PLAN F2 13 0,01 14 0.01 15 0.02
PLAN F1 15 0.00 i 13 0.02 19 ¢.02

III PLAN F2 15 0.01 14 0.03 135 0.03



TABLE 20

Palio Protocol 01

NASOPHARYNGEAL SECRETIONS |IgA ANTIBODIES

PERCENT WITH DETECTABLE ANTIBODY TITER

. Visit 1 Visit 2 Visit 3

TYPE =~ wee—wea e a——————————————— = memmmmemmceeeeeeee.

PLAN F1 8/14 ( S7.1) 1115 ¢ 73.3) 10/15  ( 66.7)

I PLAN F2 10715 ( 66.7) 10715 ( 66.7) 12715 ( 80.0)

PLAN F1  10/14 ( 71.4) 10715 66.7) 10/15  ( 66.7)

II PLAN F2  10/15 ( 66.7) 10715 ( 66.7) 13/1  ( 86.7)

PLAN F1 10714 ( 71.4) 12/15  ( 80.0) 11715 ( 73.3)

III PLAN F2 11715 ( 73.3) 10/15  ( 66.7) 14715 ( 93.3)

PLAN F1 10715 (¢ 66.7) 12715 ¢ 80.0) 11718 ( 73.3)

ANY PLAN F2 11715 ( 73.3) 10715 ( 66.7) 14/15 ¢ 93.3)

GEOMETRIC MEAN TITERS

Visit 1 Visit 2 Visit 3

N GHT N GAT L] GHT
TY“ L Ll AR AR e e - -
PLAN F1 14 8.41 15 8.77 15 13.33
I PLAN F2 15 12.13 15 6.96 15 10.56
PLAN F1 14 9.28 15 8.77 13 12.70
ITI PLAN F2 15 8.00 135 7.29 13 14.59
PLAN F1 14 13.79 15 13.30 15 19.2%
III PLAN F2 138 10.56 13 10.08 15 20.16



TABLE 21

Polio Protocol 01

By

STOOL SPECIMENS IgR ANTIBODIES

FERCENT WITH DETECTABLE ANTIBODY TITER

visit 1 Visit 2 Visit 3

TYPE =~ =omsosesseswmemces ceeseessmescmsesess Sbsessdissessddiig

PLAN F1 3/15 ¢ 20.0) /15 ¢ 13.3) 5/15 ¢ 33.3)

I PLAN F2 3/15 ¢ 20.0) 1715 ¢ 6.7 3/18 ¢ 20.0)

PLAN F1 3/15 ¢ 20.0) 415 ( 26.7) 6/15 ¢ 40.0)

IT PLAN F2 4/15  ( 26.7) 6/15  ( 40.0) S/1S ¢ 33.3)

PLAN F1 3/15 ¢ 20.0) 5/15 ¢ 33.3) 6/15 ¢ 40.0)

III PLAN F2  3/15 ( 20.0) S/15 ¢ 33.3) 4/15 ¢ 26.7)

PLAN F1 3/15 ¢ 20.0) 5/15 ( 33.3) 7/15 ¢ 46.7)

ANY PLAN F2 4/15  ( 26.7) 8/15 ( 53.3) 6/15  ( 40.0)

GEOmMETRIC MEAN TITERS

visit 1 Visit 2 Visit 3
N GMT N GMT N GAT
TYPE mmmm e -- - -
PLAN F1 1% 1.82 15 1.32 15 2.19
I PLAN F2 193 1.82 13 1.15 15 1.39
PLAN F1 15 1.66 15 1.82 15 2.52
II PLAN F2 1S 1.91 15 2.30 15 2.13
PLAN F1 15 1.82 15 2.19 15 2.52

III PLAN F2 13 1.39 13 2.19 15 2.00



TABLE 22

Polio Frotocol 01

SERUM NEUTRALIZING ANTIBODIES
PATIENTS HAD CONTACT WITH OPY

PERCENT WITH DETECTABLE ANTIBODY TITER

Visit 1
TYPE 5
Plan F1 7/ 7 (100.0)
I Plan F2 s/ 5 (100.0)
Olan F1 7/ 7 (100.0)
I1 Plan F2 S/ 5 (100.0)
Plan F1 7/ 7 (100.0)
III Plan F2 S/ 5 (100.0)
Flan F1 72/ 7 (100.0)
ANY Plan F2 S/ 5 (100.0)
GEDMETRIC MEAN TITERS
Visit 1
M GET
TYPE
Plan F1 ? 215. 34
I Plan F2 ] 422.24
Plan F1 7 430.69
IT Plan F2 ] 211,12
Plan F1 7 118.88
III Plan F2 - 557.19

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS

Visit 1
N GHT

TYPE —mm= memm—e--
Plan F1 7 2.51

I Plan F2 ] 4.93
Plan F1 7 2.43

II Plan F2 - 1.19
Plan F1i 7 1.19

III Plan F2 S 5.57

Visit 2 Visit 3
727 7 (100.0) 277 (100.0)
S7°5 (100.0) 5/ 5 (100.0)
7/ 7 (100.0) 7/ 7 (100.0)
5/ 5 (100.0) 57 % (100.0)
72/ 7 (100.0) 7/ 7 (100.0)
5/ 5 (100.0) 5/ % (100.0)
7/ 7 (100.0) 7/ 7 (100.0)
S/ 5 (100.0) S/ 5 (100.0)
Visit 2 Visit 3
N GAT N AT
7 8400.23 7 7608.30
5 2940.67 S =881.34
7 6891.02 7 12482.72
S 8914.46 S 8914.44
7 10240.02 7 16800.50
S 17828.92 S 2332540
Visit 2 Visit 3
N GAT N GnT
7 98.03 7 88.79
5 34,32 5 68, 64
7 38.93 7 70.53
5 50- 37 5 -.'0. 3?
7 102. 40 7 168. 00
s 178.29 5 235,25
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Polio Protocol 0O TABLE 23

SERUM NEUTRALIZING ANTIBODIES
PATIENTS DID NOT HAVE CONTACT WITH 0PV

FERCENT WITH DETECTABLE ANTIBODY TITER

rYPE Vigit 1 Vieit 2 Visit 3
Plan Fi 7/ 8 ( 87.95) 778 (87.%) 8/ 8 (100.0)
I Plan F2 10710 (100.0) 10710 (100.0) 10710 (iog. o)
Plan Fi 72/ 8 ( 87.%) 8/ 8 (100.0) 8/ 8 (100.
IT plan F2 10710 (100.0) 10710 (100.0) 10710 (199 )
Plan F1 7/ 8 (87.9%) 8/ 8 (100.0) 8/ 8 (100.0)
IIT Plan F2 9/10 ¢ 30.0) 10710  (100.0) 10710  (100.0)
Plan F1 778 (87.%) 8/ 8 (100.0) 8/ 8 (100.0)
ANY Planm F2 10710 (100.0) 10710 (100.0) 10710  (100.0)
GEOMETRIC MEAN TITERS
Visit 1 Visit 2 Visit 3
. N GMT GHAT N GnT
TYPE A mmmm emmmea- mmme mmmeeaae
Plan F1 8 142,68 8 2960.63 8 3319.91
I Plan F2 10 298.57 10 4671.71 10 5487, 48
Plan F1 8 1535.60 a8 8610.79 8 12177.50
I1 Plan F2 10 844,49 10 2%213.87 10 2521324
Plan F1 8 169.68 8  17221.64 8  18780.27
II1 Plan F2 10 272.43 10 12606.92 10 17828.30
GEOMETRIC MEAM TITERS IN INTERNATIOMAL UNITS
Visit 1 visit 2 Visit 3
N GMT N GAT N GmT
TYPE Shes, e mmmm mmmm——e- T —
Plan F1 8 1.7 8 34.5% 8 3a.74
I Plan F2 10 3.48 10 £4,52 10 64,04
Plan F1 a 0.88 a 48,63 8 648. 430
II Plan F2 10 4.77 10 142, 46 10 142. 46
Plan F1 8 1.70 8 172.22 8 187.80
II1 Plan F2 10 2.72 10 126.07 10 178.29
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In a randomized, controlled trial carried out from November 1980 to July 1983
involving 1,114 infants in Baltimore City and in Baltimore and Prince George's
counties, Maryland, the serologic response to three doses of two enhanced-
potency inactivated polio vaccines was compared with the response to three
doses of oral polio vaccine. The mean ages at vaccination were 2.2, 4.7, and 19.9
months, respectively, for the three doses. Seroconversion after the first dose
varied from 35% to 84%, and it was higher after oral polio vaccine than after
either of the enhanced-potency inactivated polio vaccines for polioviruses types
2 and 3. Approximately two and one-half and 16 months after the second dose,
almost all inactivated polio vaccine recipients had antibodies against all three
virus types (98-100%). Fewer oral polio vaccine recipients had detectable anti-
bodies to type 1 (89-92%) and to type 3 (96%). After three doses of vaccine, all
children had antibodies against types 2 and 3. Approximately 1% of the inacti-
vated polio vaccine recipients and 3% of the oral polio vaccine recipients lacked
antibody to type 1. One or two doses of oral polio vaccine stimulated higher
reciprocal geometric mean antibody titers against type 2 poliovirus than did the
inactivated polio vaccine. For the other two types, the results were mixed. The
third dose of inactivated polio vaccine produced significant increases in the
reciprocal geometric mean titers against each of the three poliovirus types and
resulted in significantly higher reciprocal geometric mean titers after three doses
of vaccine for recipients of inactivated polio vaccine than for recipients of oral
polio vaccine.

poliomyelitis; poliovirus; poliovirus vaccine; serology

Since 1962, the Immunization Practices
Advisory Committee (1), the Committee on

Infectious Diseases of the American Acad-
emy of Pediatrics (2), and other groups (3)

Received for publication September 24, 1987, and
in final form March 11, 1988,

' The Johns Hopkins University School of Hygiene
and Public Health, Baltimore, MD.

? Office of Biologics Research and Review, Food
and Drug Administration, Bethesda, MD.

*Division of Immunization, Center for Preventive
Services, Centers for Disease Control, Atlanta, GA.

* Field staff: Patricia R. Cummins, Joanne M. Kin-
near, Barbara MacDonald, Judith H. Nelson, Lynda
J. Nerhood, Christine S. Watts, and Susan Wysor of
the Johns Hopkins University School of Hygiene and

Public Health. Coordinating committee: Dr. Venita
Allen of the Baltimore City Health Department, Eliz-
abeth J. Boone of the Office of Biologics Research and
Review, Drs. John A. Frank and Melinda Moore of
the Centers for Disease Control, Bonnie R. Gadless
and Dr. Robert H. Johnson of the Johns Hopkins
University School of Hygiene and Public Health, Drs.
Lindsey K. Grossman and John M. Neff of the Francis
Scott Key Medical Center, Drs. Nigel E. R. Jackman,
Marcia B. Kraft, and Helen B. McAllister of the
Prince George's County Health Department, Dr. John
M. Krager of the Baltimore County Health Depart-

615



616

have recommended oral trivalent polio vac-
cine as the principal polio vaccine for use
in the United States. During this time, the
annual number of reported paralytic polio
cases decreased from 820 cases in 1961 (0.7/
100,000) to seven in 1984 (<0.01/100,000)
(4), confirming the remarkable effective-
ness of this vaccine.

From 1973 through 1984, a total of 138
cases of paralytic polio were reported to the
Centers for Disease Control (an average of
11.5 cases per year). One hundred and five
of these (76 per cent) were associated with
the administration of oral polio vaccine.
During the most recent three years for
which reporting is complete (1982-1984),
29 cases were reported, and all but one were
vaccine-associated, Estimates of the overall
risk of paralysis in oral polio vaccine recip-
ients, based on the number of cases of
paralytic polio reported in the United
States and the number of doses of vaccine
administered from 1973 through 1984, are
one case per 2.6 million doses distributed,
or approximately one case per 500,000 for
the first dose given and one case per
13,000,000 for subsequent doses (5).

While the United States has relied al-
most exclusively on oral polio vaccine for
the past 24 years, other countries (Sweden,
Finland, and the Netherlands) have
achieved control of polio with the use of
trivalent inactivated polio vaccine. Prior to
the outbreak of nine cases of paralytic polio
and one case of aseptic meningitis in Fin-
land in 1984-1985 (6), the circulation of
wild poliovirus had not been documented
in Sweden and Finland since the early
1960s, and the few cases reported from
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Sweden and the Netherlands were in im-
migrants or in people or groups who had
refused to be vaccinated (7-9).

The 1984-1985 outbreak in Finland,
while raising alarm about the effectiveness
of inactivated polio vaccine, was felt to be
due to a combination of 1) a decrease in
vaccination coverage (the vaccination cov-
erage rate in three-year-old children
dropped from 99 per cent to 78 per cent
from the 1970s to 1983), 2) antigenic dif-
ferences between the Finland wild virus
strain and the type 3 component of the
Finnish inactivated polio vaccine, and 3)
low immunogenicity of the type 3 compo-
nent of the inactivated polio vaccine used
in Finland. Finnish authorities continue to
express confidence in inactivated polio vac-
cine, and in 1986 Finland began adminis-
tering an enhanced-potency inactivated po-
lio vaccine similar to that described below
(6).

In the past eight years, new methods
have been developed by van Wezel et al.
(10) at the Rijks Instituut voor de Volks-
gezondheid, The Netherlands, for the pro-
duction of a higher-potency inactivated po-
lio vaccine by means of the microcarrier
technique and tertiary monkey kidney cells.
Similar vaccines are also made by the In-
stitut Merieux, France, and Connaught
Laboratories Ltd., Canada. Salk and col-
leagues (11-13) have reported excellent an-
tibody responses following one and two
doses of this type of vaccine. This paper
reports the results of a study that compares
the serologic response in healthy American
infants given three doses of enhanced-
potency inactivated polio vaccine made by
the new production methods with the re-
sponse of children given three doses of com-
mercially available oral polio vaccine.

MATERIALS AND METHODS
Participants and study design

Children aged six through 13 weeks (“two
months”) attending well-child clinics in
Baltimore City and Baltimore County
(hereafter called Baltimore) and Prince
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George’s County, Maryland, were enrolled
in the study between November 1980 and
July 1983. In all cases, parents or guardians
were given complete information about the
study, and their written informed consent
was obtained. In each geographic area (Bal-
timore or Prince George’s County), the
children were randomly assigned to receive
either oral polic vaccine or one of two en-
hanced-potency inactivated polio vaccines
described below. The children were sched-
uled to receive additional doses of the same
polio vaccine at four and 18 months of age.
Diphtheria-tetanus-pertussis vaccine was
administered at the same time as the polio
vaccine, as was either an oral or injectable
placebo corresponding to the kind of polio
vaccine that the child did not receive. Blood
specimens were obtained at each vaccina-
tion and two months after the dose given
at four months and at 18 months, that is,
at ages two, four, six, 18, and 20 months.

Vaccines/

Commerecially licensed oral polio vaccine
manufactured by Lederle Laboratories, Inc.
(Wayne, NJ) was used. It contained
800,000 TCIDs, (tissue culture infectious
dose, 50 per cent infectivity) of type 1,
100,000 TCIDg of type 2, and 500,000
TCIDs, of type 3 per 0.5 cm® dose. The
enhanced-potency inactivated polio vac-
cines were manufactured by the Institut
Merieux, Lyon, France (designated as in-
activated polio vaccine A) and by Con-
naught Laboratories Ltd., Willowdale, On-
tario, Canada (designated as inactivated
polio vaccine B). Upon receipt of the vac-
cine in Baltimore and approximately every
four months, samples of the enhanced-
potency inactivated polio vaccines were
sent to the Rijks Instituut, Bilthoven, The
Netherlands, where vaccine potency, mea-
sured by D-antigen content, was deter-
mined by Dr. van Wezel. The range of
potency for the Institut Merieux vaccine
was 24 to 38, 3.6 to 6.5, and 28 to 36 for
types 1, 2, and 3, respectively. The range of
potency was 20 to 25, 7.0 to 9.2, and 26 to
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30, respectively, for the Connaught vaccine.
The Connaught vaccine became available
20 months after the start of the study. As
a result, the initial 593 children described
in this study were randomized to receive
either inactivated polio vaccine A or oral
polio vaccine. The last 521 children en-
rolled were randomized among all three
vaccines, with 72 per cent of them allocated
to receive inactivated polio vaccine B.

The diphtheria-tetanus-pertussis vac-
cine contained 12.5 Lf of diphtheria toxoid,
5 Lf of tetanus toxoid, and 4 mouse protec-
tive units of pertussis per 0.5 cm?® dose.

Blood specimens

With Microtainer (Becton-Dickinson,
Rutherford, NJ) capillary tubes, approxi-
mately 2 cm® of blood was obtained by a
finger- or heel-stick. After collection, the
blood was allowed to clot and was centri-
fuged. The serum was drawn off, and the
serum specimens were refrigerated. They
were placed in a freezer and stored at —20
C until examined in the laboratory. Un-
biased laboratory analysis was ensured by
coding specimens before sending them to
the laboratory.,

Adverse reactions

At administration of each dose of vac-
cine, parents were told they would be con-
tacted for the next three days for informa-
tion on possible adverse local or systemic
reactions in their children. They were given
a copy of the data form on which the site
coordinators would record reaction infor-
mation on erythema, pain, and induration
at the sites of injection, as well as the
systemic signs of fever, fussiness, sleepi-
ness, spitting up, decreased eating, in-
creased crying, or seizures. Erythema at the
injection site was recorded as present or
absent. Pain was rated as “none,” “some”
(child moved limb or responded negatively
when the site was touched), or “much”
(child cried when the site was touched).
Parents were also instructed in how to take
their children’s temperatures and were
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given a thermometer. When the children
returned for a follow-up visit, parents were
asked if any severe reactions had occurred
since the previous visit.

Laboratory testing

Serum poliovirus-neutralizing antibodies
were measured at the Office of Biologics
Research and Review, Food and Drug Ad-
ministration, Department of Health and
Human Services (Bethesda, MD), by a sen-
sitive virus cytopathic effect neutralization
test in microtiter trays (14). Each day, a
serum reference provided by the Rijks In-
stituut was tested with the experimental
sera. This reference was standardized
against the World Health Organization In-
ternational Standard for Antipoliovirus
Sera and was assigned values of 11 Inter-
national Units (IU) of antibody against
poliovirus type 1, 50 IU against poliovirus
type 2, and 12 IU against poliovirus type 3.
A conversion factor was calculated with
each test for converting the observed recip-
rocals of the serum dilution titers to Inter-
national Units. One International Unit of
antibody corresponds to a serum titer of
1:110 for type 1, 1:70 for type 2, and 1:110
for type 3 poliovirus antibody.

RESULTS

Specimens were lost or collection tubes
were broken for 20 of 1,134 children en-
rolled in the study. Of the remaining 1,114
children, 371 received enhanced-potency
inactivated polio vaccine A, 366 received
oral polio vaccine, and 377 received
enhanced-potency inactivated polio vac-
cine B. In 88 instances, there was not
enough serum to perform antibody deter-
minations to all three poliovirus types
starting at a dilution of 1:4. Seventy-two of
these cases were in infants two months of
age. When serum dilutions began at 1:8 or
higher for a poliovirus type and no neutral-
izing activity was found, the data were
omitted for that determination, but other
serologic data on that child were included
in the analysis.
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Prevaccination

At enrollment, the percentage of children
with antibodies to each of the three polio-
virus types was similar for the inactivated
polio vaccine A and oral polio vaccine
groups (table 1 and figure 1). Approxi-
mately 90 per cent had antibodies to type
1, 95 per cent to type 2, and 78 per cent to
type 3. More children in the inactivated
polio vaccine B group had antibodies to
type 2 poliovirus than did children in the
oral polio vaccine group and to type 3 polio-
virus than did children in either the inac-
tivated polio vaccine A group or the oral
polio vaccine group. However, the recipro-
cal geometric mean titers were similar for
all three virus types for each vaccine group
(table 2 and figure 2). The differences in
the percentage of children with detectable
antibodies were probably artifactual and
were probably caused by the fact that the
inactivated polio vaccine B group children
were enrolled later (because enhanced-
potency inactivated polio vaccine B was not
available at the start of the study). After
testing approximately one third of the
two-, four-, and six-month blood samples
from enhanced-potency inactivated polio
vaccine A and oral polio vaccine recipients,
we introduced a change in the virus neu-
tralization test that increased its sensitivity
approximately threefold (the serum-virus
mixtures were incubated overnight at 36 C
rather than at 4 C (14)). This explains the
higher seropositivity rates in the inacti-
vated polio vaccine B recipients before and
after the first dose of vaccine. The change
in the antibody technique had no effect, or
a minimal effect, on the seropositivity rate
at age six months and no effect at 18 or 20
months of age. Modifications in the per-
formance of the neutralization test had no
effect on the value of the geometric mean
titers, expressed in International Units.

Post first dose

Two and one-half months after the first
dose of inactivated polio vaccine, a signifi-
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TABLE 1

Percentage of children with detectable antibodies to the three types of wild poliovirus at ages 2, 4, 6, 18, and 20
months, Maryland, 1980-1983

Type 1 Type 2 Type 3
Age (months) at visit and ~ Mean age @ wi ; .
vaccine group* (months) ~ No. of det.oe(‘;:fl]:]e No. of d?w:;tﬁlc No. of djezlatll;le
children antibodies sedidomn antibodies children antibodies
Two (prevaccination)
IPV-A 2.2 331 90.9 338 96.5 318 78.3
OPV 22 337 89.6 343 94.2 323 78.0 ]
IPV-B 2.2 332 93.4 351 98.9 a17 89.6
Four
IPV-A 4.6 309 93.5% 311 96.1 306 85.3
OPV 4.7 289 86.5} 303 97.7 ] 295 85.4 ]
IPV-B 4.7 312 93.9 324 100.0. 311 93.6
Six
IPV-A 7.0 297 99. 298 99.0 296 99.0
oPV 7.0 269 92.2 273 99.6 273 96.0
IPV-B 7.1 313 99.0 319 100.0 319 99.7
18
IPV-A 20.2 225 98.7 229 99.6 228 97.8
OPV 19.8 187 88.8] 189 100.0 189 974
IPV-B 20.2 245 97.6 247 99.6 247 98.4
20
IPV-A 22.9 219 99.1 218 100.0 219 100.0
OPV 22.5 192 96.9 193 100.0 123 100.0
IPV-B 229 224 100.0 224 100.0 223 100.0

*IPV-A, trivalent enhanced-potency inactivated polio vaccine produced by the Institut Merieux, France;
OPV, trivalent oral polio vaccine; IPV-B, trivalent enhanced-potency inactivated polio vaccine produced by

Connaught Laboratories Ltd., Canada.

T Brackets indicate a difference between the two numbers that is significant at p < 0.01.

cant increase in the percentage of children
with detectable antibodies was seen only in
the inactivated polio vaccine A group and
only against type 3 poliovirus, where it
increased from 78 per cent to 85 per cent
(table 1). Correspondingly, all of the geo-
metric mean titers in the inactivated polio
vaccine groups decreased or remained the
same compared with the levels seen before
vaccination was begun except the titers
against type 3 poliovirus for the inactivated
polio vaccine A recipients (table 2). After
one dose of oral polio vaccine, there was a
significant increase from 78 per cent to 85
per cent in the number of children who had
detectable antibodies against type 3 polio-
virus (table 1). No change was seen for
types 1 and 2. Significant increases were
seen in the geometric mean titers against
types 2 and 3. These geometric mean titers

were also statistically greater than the ti-
ters obtained after one dose of either of the
enhanced-potency inactivated polio vac-
cines (table 2). For type 1, the geometric
mean titer in the oral polio vaccine recipi-
ents did not change.

Figure 3 shows the percentage of children
who demonstrated seroconversion to each
of the vaccines after one dose of vaccine.
(Seroconversion is defined as the presence
of antibodies four or more times greater
than the expected value at the second blood
specimen, based on the level of maternal
antibodies detected at the first vaccination
and their estimated subsequent reduction.)
A half-life of 28 days for the maternal an-
tibodies was used in the calculation (15,
16). In general, this meant that children
who had an antibody level at the four-
month visit that equaled or exceeded the
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FIGURE 1. Percentage of children with detectable
poliovirus-neutralizing antibodies at or after each dose
of vaccine for each study group and poliovirus type:
Baltimore City and Baltimore and Prince George’s
counties, Maryland, 1980-1983. A, preimmunization
titer at age two months; B, titer two months post first
dose; C, titer two months post second dose; D, titer at
time of third dose; F, titer two months post third dose.
IPV-A, trivalent enhanced-potency inactivated polio
vaccine produced by the Institut Merieux, France;
OPV, trivalent oral polio vaccine; [PV-B, trivalent
enhanced-potency inactivated polio vaccine produced
by Connaught Laboratories Ltd., Canada.

titer measured at two months of age were
considered to have seroconverted. All three
vaccines caused roughly the same amount
of seroconversion to type 1 poliovirus (35
per cent to 42 per cent). Oral polio vaccine
induced seroconversion to a greater degree

McBEAN ET AL.

than did either of the enhanced-potency
inactivated polio vaccines against both type
2 and type 3 (84 per cent and 71 per cent,
respectively). However, the enhanced-
potency inactivated polio vaccines were
able to stimulate seroconversion in a sig-
nificant number of children in the presence
of readily detectable maternal antibodies.
For type 2, the range was between 35 per
cent and 43 per cent; for type 3, it was
between 54 per cent and 61 per cent.
’ Post second dose

Two and one-half months after receiving
the second dose of vaccine, 99 per cent of
the ‘enhanced-potency inactivated polio
vaccine recipients had detectable antibod-
ies to type 1 poliovirus, while significantly
fewer children (92.2 per cent) in the oral
polio vaccine group had antibodies to this
type. The geometric mean titers for all
groups after the second dose of vaccine were
significantly greater than they were after
one dose. The enhanced-potency inacti-
vated polio vacecine A stimulated the high-
est titers to type 1 poliovirus.

All three groups had 99 per cent or more
children with detectable antibodies to type
2 poliovirus after the second dose of vac-
cine. The geometric mean titer for the oral
polio vaccine group was significantly higher
than that for either of the inactivated polio
vaccine groups, and the geometric mean
titer for the inactivated polio vaccine B
group was significantly higher than that for
the inactivated polio vaccine A group. The
geometric mean titers for all groups were
significantly higher than they were after
one dose of vaccine.

After the second dose of vaccine, 99 per
cent or more of the children in the
enhanced-potency inactivated polio vac-
cine groups had detectable antibodies to
type 3 poliovirus compared with 96 per cent
for the oral polio vaccine group. The differ-
ence was significant between the inacti-
vated polio vaccine B group and the oral
polio vaccine group. The geometric mean
titers for all groups were significantly
greater than they were after one dose of
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TABLE 2

Reciprocal geometric mean titers (GMT), in International Units, of antibody to the three types of wild poliovirus
in children at ages 2, 4, 6, 18, and 20 months, Marvland, 1980-1983

1
Age (months) at visitand ~ Mean age - Towe ok e
vaceing mup‘ (months) 0. of No. of No. of
chiren  OMT  ildren  OMT  hildren | OMT

Two

IPV-A 2.2 331 0.39 338 1.07 318 0.25

oPV 2.2 337 0.38 343 0.92 323 0.25

IPV-B 2.2 332 0.36 361 0.84 a1t 0.20
Four

IPV-A 4.6 309 0.28 |¥ 311 0.64 306 0.3

oPV 4.7 289 0.39 303 7.73 295 1'942%

1IPV-B 4.7 312 0.17 324 0.60 a1t 0.20.
Six

1PV-A 7.0 297 210777 298 364 296 4.98

OFV 7.0 269 1.0 273 17.01 ] 273 4.37

IPV-B Tl 313 1.29 319 6.77 319 3.33
18 -

IPV-A 20.2 225 1.37 | 229 4.43 228 1.78

(0] 2 19.8 187 0.96 189 9.45 192 2.67

IPV-B 20.2 245 0511 247 4.21 247 1.35
20

IPV-A 22.9 219 129677 219 25.44 219 16.4

oPV 22.6 192 2.69 193 19.20: 193 4.41

IPV-B 22.9 224 798104 224 23.1#] 223 17.7

*IPV-A, trivalent enhanced-potency inactivated polio vaccine produced by the Institut Merieux, France;
OPV, trivalent oral polio vaccine; IPV-B, trivalent enhanced-potency inactivated polio vaccine produced by

Connaught Laboratories Ltd., Canada.

1 Brackets indicate a difference between the two numbers that is significant at p < 0.01.

vaccine and were not significantly different
from each other.

The percentage of children with antibod-
ies to all the poliovirus types for which their
serum was tested was 97 for inactivated
polio vaccine A, 90 for oral polio vaccine,
and 99 for inactivated polio vaccine B. No
child who received inactivated polio vaccine
B was seronegative to more than one polio-
virus type. One inactivated polio vaccine A
recipient lacked antibodies to types 2 and
3. Five oral polio vaccine recipients lacked
antibodies to types 1 and 3, and one lacked
antibodies to types 2 and 3.

Pre third dose

In the 12- to 13-month interval between
the third and fourth blood specimens, there
was no statistically significant change in
the percentage of children with detectable
antibodies, and the geometric mean titers
did not drop more than two dilutions.

We examined separately the results from
children for whom paired serum specimens
were available after the second dose and at
the time the third dose of vaccine was given
(table 3). The results for these children are
essentially the same as those shown in table
2. During this interval, which averaged 13
months, there was less than a one-dilution
decrease in the titers in the children who
received oral polio vaccine. In the
enhanced-potency inactivated polio vac-
cine groups, the decreases seen in titers
were generally greater than for the oral
polio vaccine group, but in no case were
they more than two serial dilutions.

Post third dose

Two and one-half months after receiving
the third dose of vaccine, all children had
measurable antibodies against poliovirus
types 2 and 3. All children who received
enhanced-potency inactivated polio vac-
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FI1GURE 2. Reciprocal geometric mean titers (Inter-
national Units) of poliovirus-neutralizing antibodies
in children at or after each dose of vaccine for each
study group and poliovirus type: Baltimore City and
Baltimore and Prince George's counties, Maryland,
1980-1983. A, preimmunization titer at age two
months; B, titer two months post first dose; C, titer
two months post second dose; D, titer at time of third
dose; E, titer two months post third dose. IPV-A,
trivalent enhanced-potency inactivated polio vaccine
produced by the Institut Merieux, France; OPV, tri-
valent oral polio vaccine; IPV-B, trivalent enhanced-
potency inactivated polio vaccine produced by Con-
naught Laboratories Ltd., Canada.
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FIGURE 3. Percentage of children with seroconver-
sion to one dose of either inactivated polio vaccine or
oral polio vaccine given at two months of age: Balti-
more City and Baltimore and Prince George’s coun-
ties, Maryland, 1980-1983. See text for definition of
seroconversion. IPV-A, trivalent enhanced-potency
inactivated polio vaccine produced by the Institut
Merieux, France; OPV, trivalent oral polio vaccine;
IPV-B, trivalent enhanced-potency inactivated polio
vaccine produced by Connaught Laboratories Ltd.,
Canada.

cine B were also protected against type 1.
Only 1 per cent of the 219 children given
three doses of enhanced-potency inacti-
vated polio vaccine A did not produce an-
tibodies to type 1, and only 3 per cent of
the oral polio vaccine group did not have
measurable antibodies to this type. At a
group mean age of 22 or 23 months, the
children who received the new enhanced-
potency inactivated polio vaccines had sig-
nificantly higher geometric mean titers to
all three poliovirus types than did the chil-
dren who received oral polio vaccine. The
inactivated polio vaccine A group had sig-
nificantly higher titers for type 1 than did
the inactivated polio vaccine B group.

Adverse reactions

Table 4 presents information obtained
about adverse reactions that occurred dur-
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TABLE 3

Reciprocal geametric mean titers, in International
Units, of policvirus-neutralizing antibodies in children
at ages 6 and 18 months for whom both specimens
were taken, Maryland, 1980-1983

Poliovirus Geometric mean titer
type and No. of —m™m™m™™
vaccine children  Age six Age1s  Pvalue
group® months months
Type 1
IPV-A 215 2.186 1.338  0.0001
OFV 175 1.068 1.027 0.7701
IPV-B 236 1.365 0.527 0.0001
Type 2
IPV-A 216 3.724 4,416 0.1746
opPVv 175 17.744 9.713 0.0001
IPV-B 236 6.855 4.133 0.0001
Type 3
IPV-A 215 5.021 1.786 0.0001
OPV 175 4.612 2.566 0.0001
IPV-B 236 3.407 1.328 0.0001

*IPV-A, trivalent enhanced-potency inactivated
polio vaccine produced by the Institut Merieux,
France; OPV, trivalent oral polio vaccine; IPV-B, tri-
valent enhanced-potency inactivated polio vaccine
produced by Connaught Laboratories Ltd., Canada.

mg the 48 hours after administration of the

accines. Parents had the opportunity to
provide information for the time periods of
less than six, 6-23, and 24-48 hours after
vaccination. Almost all parents (95.9 per
cent) provided information for all three
time periods. The data in table 5 represent
reports following the administration of 991
first doses of polio vaccine, 893 second
doses, and 544 third doses.

As mentioned above, the study groups
were stratified according to geographic
area, and the children were then random-
ized according to the polio vaccine they
received. The marked difference in the ad-
verse reaction rates according to the geo-
graphic area in which the child lived indi-
cates the importance of the stratification.
The reported adverse reaction rates re-
corded in children from Baltimore are
higher for all but one reaction than they
are for participants from the Prince
George’s County Health Department clin-
ics. Interestingly, the only systemic reac-
tion for which there is not a significant
difference between the two geographic
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areas is a temperature =39 C, which is the
most objective of all the observations (p >
0.05).

Comparison of the local reactions (ery-
thema, pain, and induration) to inactivated
polio vaccine A and to the injectable pla-
cebo given to the oral polio vaccine group
for each geographic area shows no statisti-
cally significant differences. Likewise,
there were no significant differences in any
of the systemic reactions. Comparison of
these two groups is mentioned first because
it is only for these two groups that the
infants were truly randomized. As was ex-
plained above, inactivated polio vaccine B
was not made available for the study until
593 children (53 per cent) had been enrolled
in either the inactivated polio vaccine A
group or the oral polio vaccine group. Thus,
rigorously speaking, the inactivated polio
vaccine A and oral polio vaccine groups are
historical controls for the inactivated polio
vaccine B group. This fact notwithstand-
ing, there were no significant differences
between the inactivated polio vaccine B
group and the two other groups in the re-
ported rates of local reactions and for four
of the six systemic reactions. A greater
proportion of the children who received
inactivated polio vaccine B were reported
to be sleepier than usual, and in Prince
George’s County, a slightly greater percent-
age were reported to have a temperature
=39 C.

Temperatures of >40 C were reported in
12 children. All these episodes occurred
during the first 24 hours following vacci-
nation, and they were similarly distributed
in the three vaccine groups. One child who
received the third dose of oral polio vaccine
with the fourth dose of diphtheria-tetanus-
pertussis vaccine was reported as having
two convulsions within eight hours of re-
ceiving the vaccines. This child was seen
by a private physician, and no neurologic
sequelae were reported after 12 months of
follow-up. Thus, we observed one convul-
sion per 834 fourth doses of diphtheria-
tetanus-pertussis vaccine given, or one con-
vulsion per 2,428 doses. No fainting or
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TABLE 4
Frequency of reported local adverse reactions in vaccinated children at the site of inactivated poliv vaccine or
placebo injection and mild systemic reactions reported during the first 48 hours after vaccination, by geographic
area and vaccine group per 100 children, Maryland, 1950-1983

Baltimore Prince George's County
OPV OPV
IPV-A* (IPV IPV-B Total IPV-A (1IPY IPV-B Total
placebo) placebo)
Number of doses 371 388 352 1,111 459 376 482 1,317
Local reaction
Erythema 3.2 4.6 5.1 4.3 0.2 0.5 0.4 0.4
Pain
Some 10.2 13.6 16.2 13.3 1.3 0.5 1.0 1.0
Much 2.9 1.8 1.1 1.9 0.2 0.0 0.0 0.1
Total 129 15.4 17.3 15.2 1.5 0.5 1.0 1.1
Induration
<2 inches 1.1 1.3 2.8 1.5 0.2 0.0 0.0 0.1
2-4 inches 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.1
Systemic reaction
Temperature =39 C 38.5 345 3L5 349 257 29.2 338 31.8
Sleepier than usual 40.9 36.8 59.9 54,0 5.7 6.6 128 8.6
Fussier than usual 63.6 64.0 69.3 63.7 189 21.0 26.8 23.4
Spitting up more than
usual 8.9 9.2 11.1 11.7 1.3 1.5 =0.1 1.0
Eating less than usual 15,4 14.7 23.8 17.8 2.1 2.1 2.9 2.4
Crying more than
usual 28.0 29.4 33.8 271 7.2 8.2 5.8 5.8

*IPV-A, trivalent enhanced-potency inactivated polio vaccine produced by the Institut Merieux, France,
OPYV, trivalent oral polio vaccine; IPV-B, trivalent enhanced-potency inactivated polio vaccine produced by

Connaught Laboratories Ltd., Canada.

T Brackets indicate a difference between the vaccine groups for each geographic area that is significant at p

< 0.01.

other neurclogic events were reported for
any of the children in the three days follow-
ing vaccination or in the rest of the period
between vaccinations.

The rates of local reactions at the site of
diphtheria-tetanus-pertussis vaccinations
are shown in table 5. Again, there is a
marked difference in the rates for each of
the two geographic areas. In no case is the
rate for children who received enhanced-
potency inactivated polio vaccine plus
diphtheria-tetanus-pertussis vaccine sig-
nificantly higher than for the children who
received oral polio vaccine plus diphtheria-
tetanus-pertussis vaccine.

Potentially confounding factors

Because this study was carried out in the
United States, where oral polio vaccine is

routinely administered, it is possible that
study participants could have been exposed
to vaccine virus given to a sibling or other
close contact which would have stimulated
the production of polio antibodies. This
concern was, in part, addressed by the find-
ing that in the 12- to 13-month interval
between the third and fourth blood speci-
mens, there was a drop in antibody titers
in all three groups against all three virus
serotypes except in the inactivated polio
vaccine A group, which had a higher, al-
though not statistically greater, type 2 an-
tibody titer at the 18-month visit compared
with the six-month visit (tables 2 and 3).
In addition, at each visit, parents were
asked about the administration of oral polio
vaccine to a sibling or other child living in
the same household. Table 6 compares the
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TABLE 5
Frequency of local adverse reactions in vaccinated children at the site of diphtheria-tetanus-pertussis (DTE)
injection during the first 48 hours after vaccination, by geographic area and vaccine group per 100 children,
Marvland, 1980-1983

Baltimore Prince George’s County
IPV-A* OFV IPV-B Total IPV-A arv IPV-B Total
Number of doses 371 388 352 1,111 459 376 482 1,317
Local reaction at site of
DTP injection
Erythema 19.2 26.8 23.9 23.4 31 3.5 4.3 3.6
Pain I —
Some 234 384 44.9 1 35.5 4.1 5.6 7.9 59
Much 10.8 10.3 10.5 10.5 0.2 0.0 0.2 0.2
Total 34.2 48.7 55.4 46.0 4.3 5.6 8.1 6.0
L J
Induration
<2 inches 22.6 229 28.1 24.5 1.5 2.9 4.8 3.1
2-4 inches 1.1 0.5 0.2 0.6 0.2 0.0 0.0 0.1

*IPV-A, trivalent enhanced-potency inactivated polio vaccine produced by the Institut Merieux, France;
OPYV, trivalent oral polio vaccine; IPV-B, trivalent enhanced-potency inactivated polio vaccine produced hy

Connaught Laboratories Ltd., Canada.

t Brackets indicate a difference between the vaccine groups for each geographic area that is significant at p

< 0.01.

TABLE 6

Reciprocal geometric mean titers (GMT), in
International Units, of poliovirus-neutralizing
antibodies in children two months after the third dose
of polio vaccine, by whether or not a sibling received
oral polio vaccine during the study, Maryland,

1980-1983
Vaccine GMT if GMT if
group® and sibling sibling did
poliovirus received not receive Hovakne
type oPV oPvV
IPV-A (n=>54)t (n=1865)
1 10.732 13.778 0.2508
2 24.296 25.827 0.6826
3 14.559 17.083 0.4224
OPV (n=237) (n = 156)
1 1.527 3.081 0.0673
2 13.136 21.015 0.0201
3 3.027 4.826 0.0394
IPV-B (n = 60) (n = 164)
1 9.234 7.564 0.2073
2 31.146 27.120 0.1295
3 20.033 16.975 0.2351

*IPV-A, trivalent enhanced-potency inactivated
polio vaccine produced by the Institut Merieux,
France; OPV, trivalent oral polio vaccine; IPV-B, tri-
valent enhanced-potency inactivated polio vaccine
produced by Connaught Laboratories Ltd., Canada.

T Number of children,

reciprocal geometric mean titers two
months after the third dose of vaccine in
study participants who had siblings who
received oral polio vaccine during the
course of the study with those who did not.
If the oral polio vaccine had had a contam-
inating effect, one would expect to see
higher titers in the children whose siblings
received it. For the children who received
inactivated polio vaccine A or oral polio
vaccine, the data show the opposite trend.
For the inactivated polio vaccine B recipi-
ents, the titers are slightly higher for chil-
dren whose siblings received oral polio vac-
cine, but the differences are not statistically
significant.

DISCUSSION

The results of this study confirm and
extend the data presented by Salk (12) and
Salk et al. (11) concerning the ability of the
new enhanced-potency inactivated polio
vaccines to stimulate antibody production
in almost all children after two doses of
vaccine. The initial report by Salk et al.
(11) primarily involved Finnish children in
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whom vaccination was begun at five
months of age when the level of maternal
antibodies would have waned to one eighth
the level at two months of age, the age at
which children were enrolled in this study.
The data presented here demonstrate the
ability of one dose of the new enhanced-
potency inactivated polio vaccines to stim-
ulate seroconversion in 35 per cent to 61
per cent of these younger children in spite
of the higher maternal antibody levels. Al-
though Salk (12) has argued that one dose
of the enhanced-potency inactivated polio
vaccine is sufficient to provide protection,
the data in this study show the impact of
the second and third doses of enhanced-
potency inactivated polio vaccine. The sec-
ond dose results in seroconversion in essen-
tially all the enhanced-potency inactivated
polio vaccine recipients and provides them
with measurable protection against para-
lytic disease (17). As shown in table 2 and
figure 2, the third dose of enhanced-potency
inactivated polio vaccine causes a major
rise (5.7- to 15.8-fold) in reciprocal geomet-
ric mean titers against each of the three
poliovirus types. Thus, while the first two
doses are important for stimulating detect-
able antibodies and assuring protection for
all children, the third dose stimulates sig-
nificantly higher antibody titers which are
greater than those seen after three doses of
oral polio vaccine.

This study has shown the superior ability
of oral polio vaccine to induce seroconver-
sion after one dose of vaccine in a popula-
tion with high levels of maternal antibody.
However, it is also clear that the second
dose of oral polio vaccine is needed to bring
about seroconversion in those who do not
respond to the first dose and to enhance
the level of antibody among all the recipi-
ents. The third dose of oral polio vaccine is
important to increase the percentage of
children with demonstrable antibodies
against type 1 to 97 per cent and to increase
the reciprocal geometric mean titer (2.5-
fold) against this type. For types 2 and 3,
the third dose of oral polio vaccine adds
little to the reciprocal geometric mean titer.
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There is approximately a twofold increase
bringing recipients to about the same level
of antibodies they had two and one-half
months after the second dose of oral polio
vaccine, but it assures measurable protec-
tion in all the children (100 per cent have
antibodies). Thus, we have reconfirmed the
capability of oral polio vaccine to induce
excellent levels of protection in almost all
children who receive three doses of vaccine
(18).

A US immunization program which relies
on either oral polio vaccine or enhanced-
potency inactivated polio vaccines should
require a three-dose schedule during the
first 15 to 18 months of life. Although it
might be possible to give fewer doses if the
first dose were withheld until children were
six to seven months of age, we believe that
the greatest number of children can be con-
tinuously protected by beginning polio im-
munization in the United States at two
months of age, with a second dose at four
months of age, as in this trial. Figure 1
shows the excellent situation that exists °
the United States. Of those children wl.
receive their first dose of vaccine by age
two months, no more than 13.5 per cent are
susceptible to type 1 poliovirus, no more
than 6 per cent to type 2, and no more than
22 per cent to type 3. Because of the risk of
infection with wild virus which still re-
mains, however, susceptibility of the child-
hood population should not be allowed to
drop below these levels by delaying the time
at which polio immunization is begun.

The three-dose schedule of enhanced-
potency inactivated polio vaccine is impor-
tant for other elements of immunity con-
ferred by that vaccine. It is well recognized
that the lower-potency inactivated polio
vaccines were not as efficient as was oral
polio vaccine in protecting exposed people
from incubating and shedding wild virus
(19). In an epidemic in Rhode Island (19),
pharyngeal shedding of virus was decreased
from 75 per cent to 33 per cent in children
with detectable antibody following inacti-
vated polio vaccine administration, but
shedding in the stool was decreased only ir
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those children with high antibody titers
(>1:128). Similar data were reported by
Glezen et al. (17). They showed that in
children vaccinated with inactivated polio
vaccine who were given a challenge dose of
type 1 oral poliovirus vaccine, the fre-
quency of pharyngeal and fecal shedding
was inversely proportional to the level of
antibody present at the time of challenge.
Thus, three doses of enhanced-potency in-
activated polio vaccine would reduce the
degree of shedding of virus and of commu-
nity spread of either wild or vaccine virus
to a greater extent than would two doses of
enhanced-potency inactivated polio vac-
cine. Horstmann (20) postulates that the
new enhanced-potency inactivated polio
vaccines may increase the amount of secre-
tory immune globulin A produced and thus
reduce the amount of virus shed more than
did the previously used inactivated polio
vaccines.
The similarity in the local and systemic
reaction rates presented in tables 4 and 5
1dicates that the simultaneous adminis-
ration of inactivated polio vaccine with
diphtheria-tetanus-pertussis vaccine does
not increase the rate of either local or sys-
temic reactions over the simultaneous ad-
ministration of oral polio vaccine with
diphtheria-tetanus-pertussis vaccine. In
addition, fever (temperature =39 C) and
the mild systemic reactions reported in the
oral polio vaccine group are generally sim-
ilar to or lower than those reported in the
literature following the administration of
diphtheria-tetanus-pertussis vaccine (21,
22). Two exceptions are “crying more than
usual” and “eating less than usual,” which
are more frequently reported in the Balti-
more children in this study. However, the
site coordinators asked mothers if their
children were “crying more” or “eating less”
than usual, not whether they were anorexic
or exhibiting high-pitched, inconsolable
crying, which are the signs reported in the
literature. Thus, the higher rate could be
expected.
The potentially confounding role of the
spread of oral polio vaccine from a vacci-
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nated sibling was addressed by the data
presented in table 6. In addition, Ogra (23)
and Dhar and Ogra (24), studying children
in groups of six to 12, have shown that a
dose of oral polio vaccine given seven
months after three doses of the less potent
inactivated polio vaccine given at two,
three, and four months of age will result in
a significantly greater booster effect than
that seen with an additional dose of inac-
tivated polio vaccine. Thus, because we did
not see higher titers in the enhanced-
potency inactivated polio vaccine recipients
whose siblings received oral polio vaccine,
it is unlikely that the very good response
we have ascribed to the new enhanced-
potency inactivated polio vaccines is due to
contamination and unintentional immuni-
zation with oral polio vaccine shed by other
children.

The presence of such high titers of anti-
bodies following the three-dose enhanced-
potency inactivated polio vaccine schedule
used in this study indicates that a change
could be made in the current Immunization
Practices Advisory Committee recommen-
dation to give three doses of inactivated
polio vaccine at two, four, and six months
of age, followed by a fourth dose one year
later. For vaccines of D-antigen content
comparable to those used in this study, two
doses of vaccine given in the first year of
life, beginning as early as two months of
age, followed by a third dose at 15 to 18
months, would be appropriate.
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