
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 
Ipol in 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 1 CD @ $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).



U.S. Food & Drug Administration
10903 New Hampshire Avenue
Silver Spring, MD 20993
w ww.fda.gov

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,

Beth Brockner Ryan 
Chief, Access Litigation and Freedom of Information Branch

Beth A. Brockner 
Ryan -S

Digitally signed by Beth A. Brockner Ryan -S 
DN: c=US, o=U.S. Government, ou=HHS, 
ou=FDA, ou=People, 
0.9.2342.19200300.100.1.1=1300052489, 
cn=Beth A. Brockner Ryan -S 
Date: 2019.07.23 12:19:33 -04'00'



-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 ce 11 s. 

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, 

9~---~ 
Pinya Coh , Ph .D. 
Vice Pre ident 
Quality Control 
and Regulatory Affairs 
FOR C. CHARBONNIER 

PCR6f{6 
83282 

Attachments 

i 200 N.W. 78th Avenue, Suite 109 / Miami, Florida 33126 / Telephone (305) 593-9577 / Telex: 807387 
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, I 

ABSTRACT 

.American children t'NO ricnths of age -were randanly assigne:i to t'NO groups 

.which received either the c:amercially available oral trivelant i;olio vaccine 

(OPV) or an injectable trivalent i;olio vacc.ine (IPIJ) with a oonfinned minimum 

I>-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 ll'DI'lths of age. Sera was 

obta.ine:i at 2, 4, 6 ll'OI'lths of age on 439 children and oo 85 children at 18 

and 20 nonths of age and examine:i for neutralizing cU'ltil:o3ies. 

'!he percent of children with detectable antil:xrlies and the reciprocal 

gecnet.ric rrean titers (Qfl's) were similar for ooth groups at two ncnths of 

age for all three i;olio types. At twenty m:::l'lths of age, all children bJt one 

had detectable antU:x:x3ies to all three polio types. Significantly higher CM.rs 

against types I and III we.re noted at twenty JID'lths for the IPIJ group. 
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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, inmunization 

efforts using IPV were successful in reducing the number of reported paralytic 

polio cases from 13,850 (7.~/100,000 population) in 1955 to 820 (0.7/100,000) 

in 1961 [1]. In spite of this 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 acininistration and acceptance; expected long 

lasting (perhaps life-long) inmunity; rapid production of bowel inmunity which 

could interrupt wild virus transmission, even in epidemic situations; and the 

spread of OPV virus to unvaccinated persons which could induce inrnunity in these 

people [ 3,LI] • The continued reduction in the number of cases of paralytic 

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 inrnunity 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 [ sJ. For IPV, the 

seroconversion rates, post-inrnunization titers and the duration of inrnunity 

have been proportional to the potency of the vaccine; i.e., are dose-dependent 
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[ 6 J. Vaccine production methods reported by 6TT6} 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 ilTITlunologic response in American infants given 

three doses of IPV made by the new production techniques with three doses of 

ccmne-rcially 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 ei ther 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 aaninistered at that time. Sixty days later, 

when the child was 114 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 ccmnercially licensed available vaccine 

manufactured by Lederle Laboratories (Wayne, New Jersey, U.S.A.). It contained 

800,000 TCIDso of type I, 100,000 TCIDso of type II, and 500,000 TCIDso of 

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 0-antigen units of type II, and 29 0-antigen units of type III per 0.5cc 
'lblll 

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 0-antigen content, was confinned 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 Test i ng : Serum polio neutralizing antibodies were measured at 

the Bureau of Bi ologics, FDA, OHHS , Bethesda, Maryland {U.S.A.) by a virus 

cytopathic effect {CPE) neutralization test in mi crotiter trays (96 well, fla t­

bottomed, Microtest II, Falcon, Oxnard, CA) . Each day a known serum prepared 

by the Rijks lnstituut 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 lost 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 recei ved IPV. All of these children have completed their 

6-month visit, and 85 have completed their twenty-month visit. 

As a confinnation 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 

III 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 II. The percent is unchanged between 6 and 18 months. At 20 

months (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 
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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 irrmunizing 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 l .dose of vaccine. The lower response to the 

IPV at 4 months of age is probably due to the presence of aaternal antibodies in 

the children who received IPV at 2 months of age. On the other hand, the first 

dose of OPV, particu"larly 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. 
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Currently the Advisory Corrmittee on Irrmunization Practice recoomends three 

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

at 18 months. The preliminary data fran 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. 
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Table 3 

A CGlllpariaon of the Suoloqic Reaponae to Orel 
and Injectable Trivalent Polio Vaccine 
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• M 
7855 n.w. 12th street. suite #114. miomi, florido 33126-1818 

p.o. box 52-3980, miomi, florido 33152-3980 

" '1ERIEUX INSTITUTE, INC. 

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 

phone (305) 593-9577 / telex , 807387 

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, 

9- ~ 
Pinya Cohx 
Vice President 
Quality Control and 
Regulatory Affairs 

pc(I:>) (6) 

87507 

Attachments 
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ct:mICAL S'IUDIES OF 
MERIEUX IPI/ AT SUN'l/OIII..mENS ImPITAL, aJF'FAID 

~RER)RI' 

SUMMARY 

Two doses of Merieux IPI/ at 2 ani 4 nan:hs of age gave excellent neutralizirq 

antibody responses at 5 nan:hs to three types of poliovirus. IPV arrl OPV alone 

produced similar levels of neutralizirg antibody arrl IgA in the ~ 

secretions. A cxtnbined schedule of IPV' ani OPV resulted in a stron:J primin';J 

effect by IP\7 on muoosal .immne :resp::nse of OPv for neutralizirg 

antibody ani IgA in the ~ secretions ani for IgA in the stool. 

Merieux IPI/ in:1uoed oatpa.rable responses in p:re:ra:ture ani full tem infants. 

Sin:Jle arrl two dose lx>osters in adults showed high anamestic responses in all 

recipients ani that a sec:orxi dose of IPI/ did not increase the Gfl' ca:rpared to 

only one dose. 

Introduction 

'Ihe Merieux Inactivated l:Qlio Vaccine (M-IPV) produced fran continuoos cell lines 

of Vero cells usin:J micro-carrier culture has been extensively tested in Finlani, 

Israel, In:iia, Brazil, Inionesia, Mali, France, ani the United states. 'Ihis 

highly pirified ioore potent vaocine has been sha.m to be safe, highly ilmu.mogenic 

arrl efficacious when used in a two-dose sdledule for primary immunization 

followed by a tx>OSter dose. 

A clinical trial at Joon.s Hq)kins a:ttparin:J M-IPV to the oral polio vaccine 
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currently used in the United States~ that awroximately 99% of children had 

neutralizin:f antibodies to all three types of polio virus after receiv:i.rg M-IPV 

at 2 ard 4 lOOl'lths of age ard that a significant boost in titers occurred after 

the third dose at 18 nalths of age. 'Ille titers to M-I.Pl for Types I arrl III 

poliovirus l!lere superior to OPJ, art: equivalent for Type II when given in the 

same 3 dose schedule. '!his vaccine was made exactly as the Vero cell vaccine 

i.nterrled for license except the cell substrate for the Jams Hopkins trial was 

primary ronkey kidney cells. 

'!be Office of Biologics requested, December 1985, that 75-100 children ard 25-30 

adults be iitmmize:i acx:x,rd.irX] to the united states schedule. In respouse to this 

request clinical studies oo drildren and adults were carrie:i o.it at Chlldren.s 

Hospital/ state university of New York, aiffalo by Ors. H. Faden ard P. Q;Jra. 

SUWlemental studies on grcups of drildren usin:f only IPV or a canbined schedule 

l!lere also initiated at Johns Hcpd.ns by Ors. H:!Bean ard M::xllin at a later date. 

To meet the~ request for M-IPV lie.ensure, data are r'Dtl presented an sufficient 

dti.ldren and adults ool.y fran Illffalo. '!be stuiles are still in progress at 

aitfalo am Bal tiloore am will be caipleted in late 1988. 

MEIHXE 

Details of the methcds used are outlined in the protocx>ls already sul::mi.tted urxier 

nm. Merieux IPJ Lots Zll02, Zll03 an:l A0304 were used. '1he general ai;::.proach 

was to c::x::nt)8re inm.mogenicity of two pr.imazy doses of M-IPJ. OPJ or a canbined 

schedule in c:ru.ldren 2 m:nt:hs old. Originally, a mini.mJm of 15-20 children were 

to be recruited in Groops A, C, an:l D and 5<>-60 were to be recruited in Group B. 
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At this time, 114 dlildren are available for analysis. 'lhe groops am vaccines 

are shown belCM: 

~ 

A 

B 

C 

D 

IMMUNIZATIOO PLAN FOR CHII.rnEN 

2M)N'IHS 4M;>N'lHS 12M'.:NIHS 

OPV OPV OPV 

IPV IPV IPV 

IPV 

IPV 

OPV 

IPV 

OPV 

OPV 

Blood sanples for anti.body determinations were oollected at 2 am 4 nart:hs of age 

just prior to administration of vaccine and one 10Ctlth after the secom arrl third 

doses of vaccine. 'I.here are insufficient data on the booster dose given at 12 

ioonths for presentation at this time. A detectable antibody titer was considered 

~ 1:10. Gfl"'s 'l<oo'e:re CCllplted and also ~ressed in mternational units based on 

the FDA reference serum results. 

Groups B an:l Dare identical for~ first bwo doses of vaccine, therefore, their 

data have been canbi.ned for this report. 

'llle nunt>ers of subjects in the OPV CXltltrol (Group A) was small at the tine of 

this report. 

For the adult stu:iies, 30 irrli.viduals 'l<oo'e:re inmmized an::l available for the 

analysis. Half received one dose (Group Fl) and half received a secx:>n:i dose 4 

weeks later (Group F2). Serum antibody titers were done prior to immunization 
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an::l 4 weeks after each dose of vaccine. 

RESUilI'S m <lilr.m:EN 

M-IPV in:luced detectable neutralizirq antibodies after two doses of vaccine in 

97.6% (Type I), 100% (Type II) arrl 97.6% (Type III) of the children (Table 1). 

Two doses of OPV gave 100% response for all types of poliovirus am a mixed 

schedule of IPV + OPV i.m:uced nearly 95% response for 'fypes I an::i III an::i 100% 

response for Type II. 

'Ihe GfI' (Table I) was the same in all grQJpS for Type I. For Type II two doses 

of IPV gave lower <Mr's than OPV or a mixed sd>.edule. 'Ihe GMI' obtained for Type 

III with a mixed schedule was significantly lc:Mer than in the other two groops. 

Table 2 shows that tr,.,o doses of M-IPi7 proc::luarl neutraliz.irq anti.bodies in the 

nasop,aryrqeal secretions (NPS) to Type I polovirus in 34%, to 'lype II in 53% 

an::l to Type III in 42% of the children. OPV p:roduoed neutralizin;J antil:x:xties to 

Type I in 50%, to Type II in 70%, arrl to Type III in 50% of the children. 'Ibe 

mixed schedule resulted in NPS neutralizirq anti.body in 47, 90 an::l 42% of the 

children, respectively. 'lhe Gfl' for Type II antibody in the mixed schedule was 

significantly higher than schedules of only IPV or only ow irrlicatin;J a priming 

effect by IPi7 on Type II OW .imuoed antibody. 

'llle percentage of children with IgA antibodies in the NPS (Table 3) were 

generally at silllilar levels for M-IPV an::l OPV for all types of poliovixus, but 

were highest in children receivin;J the mixed schedule. '!he GMI' of IgA was 
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highest in the mixed schedule suggestirg IPv exerts a primin3' effect on a 

subsequent dose of OPV. 'Ihe GMl' for all OPV or all IPV recipients was similar 

for types I ard II but OPV was higher for type III. 

'Ille percentage of children with detectable neutral.izin;J antil:xxly in the stool 

(Table 4) was generally 5 to 33% regardless of sdledule except for Type II 

poliovirus with OPV (56%) ard the mixed schedule ( 42%) • 'Ille percentage of 

children with detectable stool neutralizirg antibody for Types I & II poliovirus 

was low in those reoeivirq OPV, however the number of children analyzed was 

sma.11. 'Ihe GM!'' s for OPI, IPI ard mixed schedules 

were similar. 

'1he percent detectable IgA levels in the stool ranJed £:ran 5 to 20% for IPV, 11 

to 33% for OPV ard 15 to 36% for the mixed schedule (Table 5). 'Ihe mixed 

schedule resulted in the highest Gfl''s for Types n ard III antibodies. IPV 

irrluced a m::xierate prim:in:J effect for ON for Type II antibody. 

Tables 6 ard 7 sumnarize results of se:rum neutralizirg antibodies in children 6 

to 13 weeks of age at the time of entry into the study cxmpared to those over 13 

~- 'Ibe percentage with detectable neutralizirq antibody was the sane for the 

two groups, however, those over 13 weeks of age had higher Gil' values. 

'Ihe NPS neutralizirg antibody data for the two age groups (Tables 8 ard 9) showred 

that OPV, IPV or a mixed schedule in:iuoed detectable antibody to any type of 

poliovirus in approximately 60% to 93% of recipients. In 6-13 -week old children, 

oali::>ined use of IPJ' ard OPJ' produced detectable Type I an:i II antibody in nearly 
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twice the nuI'ltJer of vaccinees carpared to IPV' only and in nearly 50% mre 

recipients of OI'V only. '!be GfI' for Type II was 6 tunes higher in children 

inmmized with a mixed sdledul.e than in children receivin.1 only II'V arxi twice the 

level of children receivin.1 only OPJ. Similar NPS data was obtained for children 

CNer 13 weeks who received a cx::nt,ined schedule. 'lhe data fran botl1 age groups 

suggest a st.n:n] pr.i:min;J effect exerted by IPV on a subsequent dose of OI'V. 

Tables 10 am 11 show that neutralizirq antibody in the stool spec.uoons was 

highest with ow only, .intenne:liate with a mixed schedule am lowest with II'V 

only. 

Detectable IgA in the NPS raIXJl.I¥1 fran 50 to 100% was oooe:r:ved in children 6-13 

weeks old and those CNer 13 weeks reganiless of the vaccines used arxi virus types 

(Tables 12 & 13). 'Ihe cari:>ined schedule of IPV and OPV' gave Gfi''s for IgA two to 

nearly 10 t.i.n:?s greater than schedules of OPV' or IPV alone. 

overall 50% or less of :recipients for either age groop or for any vaccine 

schedule had detectable stool IgA antilxxly. 'Ihe CXlnbined schedule gave 

peroentages of detectable stool IgA twice those cbserved for IPV alone and CMl''s 

awrox.imately 50% higher (Tables 14 & 15) • 

Premature am full tenn infants develC{)Ed detectable sennn neutralizi?X;J antibody 

levels with equal frequency to two doses of M-IPV' am had carparable CMl''s (Table 

16). 

Clrl.ldren who had potential contact with an OJN recipient had significantly higher 
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Gfi''s for serum neutralizing antibody {Tables 17 & 18), NPS neutralizing antibody 

(Tables 19 & 20) am NPS IgA (Tables 21 & 22). 'Ihis differenaa was not seen in 

stool neutralizing antibody levels of children who had contact with OPV CC1Tlpared 

to those 'Whan -were not e>q)OS8d 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 

OPV contacts. 

RESUI.:l'S m AWI.!l'S 

Nearly all adults had detectable neutralizing antilx.xties 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-IPV' in:luced increases in Gfi' of nearly 30 fold for Type I, so 

fold for Type II am 125 fold for Type III. A seooni dose of IPV did not 

significantly .i.n.c:raase the Gfi' oarpared to only a sm;le dose (Table 27). 

'Ihe results of neutralizin;J antibodies in the NPS (Table 28) show that the 

percent of subjects with detectable anti.body was the same with one or t'W'O doses 

am~ that a gzeater increase c:Ner base titer am higher Gfi' is ct>tained 

in irrlividuals who had a 1~ anti.body titer upon entry. 

In contrast, both the percent of irxtividuals with stool neutralizing antibody an:l 

the G!I' were higher i."l adults receiving two doses of M-IPV' oarpared to only one 

dose (Table 29) • 
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'!he IgA antibody levels in the NFS ani stool were similar for one or two doses 

altho.lgh there was a higher peroentage of detectable antibody in NFS of 

recipients of two doses oarpared to one dose of M-IPJ (Tables 30 & 31) . 

'!here were no major differences in antibody responses whether this was exposure 

or nonexposure to OPv (Tables 32 & 33) • 

DISClJSSION 

'lbe interim results of this study have deronstrated that two doses of M-IPV given 

at 2 ani 4 JOOnths of age produce excellent neutralizin:J antibody responses to all 

three types of poliovirus one nr:>nth after the secorxl dose. '!he percent.age of 

children at 5 It'0I'lt.hs of age with detectable antibody to the Vero cell vacx::ine is 

similar to ani the Gfl''s higher than results ootained with children 6 xoonths old 

in the earlier Jams Hopkins/CIX:/F'Di\ study with M-IPJ produced in primary nonkey 

kidney oells. 

'1W children (
6
) <

5
> inm.mized.,at the same private clinic with two cbses -------

of M-IPV formed good neutralizin; antibody titers to Type II wt not the Types I 

am III poliovirus. '!he Type II pre.inm.mization tit.er ani tit.er one nonth p:st 

12 month booster was 320 for both children. '!he Types I ani III titers at 

baseline am. p:,st booster were for <6><6) 10 ani 10 an:i 40 an:l 20, respectively, 

am for 6) (6) 10 am 10 ani 10 am 20 respectively. Both children had nornal 

IgG at 5 m::>nths of age am. measurable tetanus antibody levels at 13 nonths of 

age. '!he children are apparently inmmcx::atpetent rut the reasons for poor 

Types I and III ·:response are unclear. 
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'!his study has shown that children given two doses of only Ol'V or 

only Il'V proouoe similar levels of neutralizin.J antibodies an:i IgA in the NPS, 

however, of particular interest was the firdin:.;J that a dose of IPV follc:::ME!d by a 

dose of OP'J produced significantly higher levels of neutralizin.J antibody an:i IgA 

in the NPS than two doses of OP'J or two doses of IPV'. 'lb.is clearly 

shc.7«s that the M-IPV has a st:ron;J prilning effect on the 1ruoosal. antibody in:luced 

by ow am that it is great.er than the priming effect of OP/ alone. 'lb.is finiin;J 

CDnfinns the c::a;ervation of O'Jra etal with less potent, killed poliovi:rus 

vaccine. However, in the earlier stulies of Ogra, primirq was seen usin.J three 

doses of IPV followed by an OPV bcxJster 'Whereas in his current 

sbxly primirg was seen with only a sin.Jle dose of the new M-IPV. 'Ihese data 

clearly show that IPV stinulat.es local ilmun.ity when used alone or in canbination 

with OPV. 

Based on stool antibody data 0 gut inmmity" ai::pears to be a concept applicable to 

both M-IPV' an:t Ol'V. Both vaccines used alone or in canbination gave detectable 

neut::ral.izirq antibody in the stool with similar Gfl''s. Furthenoc>re both Il'V am 

OPV, alone or in canbinatioo, in:ru.c::8i stool IgA. 'Ille Qfl' Type II IgA was the 

sane for IPV' or OPJ alone an:i lower for 'lypes I an:i III when IPV' was used alone. 

Of partirular interest is that the highest Gfl' for Types II an:i III IgA 

antibodies was ootained with a CXlli:>ined schedule, again denr:>nstratirg that a 

sin;Jle dose of IPV can prime a subsequent dose of OPJ producin;J a Gfl' of IgA 

higher than either vaccine alone. 

'Ihe relatively lCM percentage of children (a,Wroxilnately 50%) with detectable 
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stool neutralizin:;J antilxxties am detectal::>le IgA anti.bodies (30%) is surprisin;J 

in view of the "gut ilmamity'' usually attriruted to OPJ. In fact, the Qfl''s for 

IPV am OPJ were similar for Types I & III neutralizin;J antibody am for Type rr 

IgA antil:xxly • 

Because nearly 30% of the infants reoeivin:;J blo doses of IPJ were premature 

births it was possible to a:irpare respa,ses to full term infants. Althrugh full 

tenn infants had higher maternal antil:xxly levels, as e)(peCted, both premature am 

full tenn infants had similar percentages of responjers am carparable GMI''s 

after blo doses of IPJ. 

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 is unnecessary. However, stool 

neutralizing antibody levels were higher in adults receiving a 

second dose of IPV . 



TABLE 1 
Polio PTotocol 01 

SERUM NEUTRALIZING ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

TYPE 
PLAN A 

I PLAN BD 
PLAN C 

PLAN A 
II PLAN BO 

PLAN C 

PLAN A 
III PLAN BO 

PLAN C 

PLAN A 
ANY PLAN BD 

PLAN C 

2 Months 

9/10 
66/85 
15/19 

10/10 
72/85 
18/19 

9/10 
62/85 
14/19 

10/10 
83/85 
18/19 

< 90.0} 
77.6) 
78.9} 

(100.0} 
C 84.7) 
( 94.7) 

< 90.0) 
72.9} 
73. 7) 

(100.0) 
C 97.6) 
C 94.7) 

GEOMETRIC MEAN TITERS 

TYPE 
PLAN A 

I PLAN BO 
PLAN C 

PLAH A 
II PLAN BO 

PLAN C 

PLAN A 
III PLAN BO 

PLAH C 

N 

10 
85 
19 

10 
85 
19 

10 
85 
19 

2 Months 

GMT 

25.81 
17.11 
19.08 

60.63 
33.11 
79.07 

27.Go 
13.37 
10.14 

4 Months 

7/10 
53/84 
16/19 

10/10 
80/84 
19/19 

10/10 
68/84 
15/19 

10/10 
84/85 
19/19 

C 70.0) 
< 63.1) 
< 84.2) 

(100.0) 
C 95. 2) 
(100.0) 

(100.0) 
< 81.0) 
< 78.9) 

(100.0) 
< 98.8) 
(100.0) 

4 Months 

N 

10 
84 
19 

10 
84 
19 

10 
84 
19 

GMT 

28.35 
7.94 

12.46 

519.84 
33.01 
38.57 

52.78 
17.65 
17.74 

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS 

TYPE 
PLAN A 

I PLAN BO 
PLAN C 

PLAN A 
II PLAM BD 

!=•LAN C 

PLAN A 
III PLAN BO 

PLAN C 

N 

10 
85 
19 

10 
85 
l '3 

10 
85 
19 

2 l'lonths 

GMT 

0.30 
0.20 
0.22 

0.34 
0.19 
0.45 

0.28 
0.13 
0.10 

H 

10 
84 
19 

10 
84 
19 

10 
84 
19 

4 Months 

GMT 

0.33 
0.09 
0.15 

2.94 
0.19 
0.22 

0.53 
0.18 
0.18 

5 Months 

10/10 
81/83 
18/19 

10/10 
83/83 
19/19 

10/10 
81/83 
18/19 

10/10 
83/85 
19/19 

C 100. 0) 
< 97. 6) 
< 94.7) 

( 100. 0) 
(100. 0) 
(100. 0) 

(100.0) 
C 97.E,) 
C 94. 7) 

(100.0) 
< 97.G> 
(100.0) 

5 l'lonths 

N 

10 
83 
19 

10 
83 
19 

10 
83 
19 

N 

10 
83 
19 

10 
83 
19 

10 
~3 
19 

GMT 

259.92 
251.92 
263.53 

31.51. 73 
857.28 

2212.41 

735.17 
889.04 
131. 77 

5 Months 

GMT 

3.03 
2.94 
3.08 

17.81 
4.84 

12.50 

7.35 
8. 89 
1. 32 
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HASOPHARYHGEAL SECRETIONS NEUTRALIZING ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 l'lonths 4 l'lonths 
TYPE 

PLAN A 
I PLAH BD 

PLAN C 

PLAN A 
II PLAN BD 

PLAH C 

PLAN A 
III PLAH BD 

PLAN C 

PLAN A 
ANY PLAN BD 

PLAH C 

01 • 0.0) 
0/ • < o. 0) 
0/ • < o. 0) 

0/. 
0/. 
0/. 

0/. 
0/. 
0/ . 

0/. 
0/. 
01. 

< 0.0) 
0.0) 
0.0) 

< 0.0) 
0.0) 
0.0) 

0.0) 
0.0) 
0.0) 

GEOl'IETRIC l'IEAH TITERS 

TYPE 
PLAH A 

I PLAH BD 
PLAN C 

PLAH A 
II PLAN Bl> 

PLAH C 

PLAN A 
III PLAH BD 

PLAN C 

N 

0 
6 
0 

0 
6 
0 

0 
6 
0 

2 l'lonths 

Gl'IT 

1. 00 

1.00 

1.00 

3/ 9 33.3) 
1/82 < 1.2) 
0/18 < 0.0) 

7/ 9 
1/82 
2/18 

2/ 9 
2/82 
1/18 

7/10 
3/85 
3/19 

< 77.8) 
< 1. 2) 

11.1) 

( 70.0) 
< 3. S> 
< 15.8) 

4 l'lonths 

M 

9 
82 
18 

9 
82 
18 

9 
82 
18 

Gl'IT 

1.71 
1.02 
o.oo 

8.00 
1.03 
1.17 

2.00 
1.03 
1.08 

GEOl'!ETRIC MEAN TITERS IH IHTERHATIOHAL UNITS 

TYPE 
PLAH A 

I PLAN BD 
PLAH C 

PLAN A 
II PLAN BD 

PLAN C 

PLAN A 
III PLAN BO 

Pl AMC 

N 

0 
f, 

0 

0 
6 
0 

0 
6 
0 

2 l'lonths 

GMT 

0.01 

0.01 

0.01 

H 

9 
82 
18 

9 
82 
18 

9 
82 
18 

4 Months 

Gl'IT 

0.02 
0.01 
o.oo 

o.os 
0.01 
0.01 

0.02 
0.01 
0.01 

5 Months 

S/10 50.0> 
27/79 34.2) 
9/19 C 47.4) 

7/10 
42/79 
17/19 

5/10 
33/79 
8/19 

7/10 
49/85 
17/19 

< 70.0) 
53.2) 
89.5) 

< 50.0) 
( 41.8) 
< 42. 1) 

70.0) 
57. 6) 
89.5) 

5 l'lonths 

10 
79 
19 

10 
79 
19 

10 
79 
19 

N 

10 
79 
19 

10 
n 
19 

10 
n 
19 

GMT 

3.03 
1.90 
3.10 

9.19 
3.30 

19.20 

5.28 
2.82 
2.40 

5 l'!onths 

0.04 
0.02 
0.04 

0.05 
0.02 
0.11 

0.05 
0.03 
0 .02 
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TABLE 3 

NASOPHARYNGEAL SECRETIONS(6)(4) IgA ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

TYPE 
PLAN A 

I PLAN BD 
PLAN C 

PLAN A 
II PLAN BD 

PLAN C 

PLAN A 
I II PLAN BD 

PLAN C 

PLAN A 
ANY PLAN BD 

PLAN C 

2 Months 

0/ • 0.0) 
0/ • 0.0) 
0/ • < o. 0) 

0/. 
01. 
0/. 

0/. 
0/. 
01. 

0/ • 
0/. 
0/. 

< 0.0) 
< 0.0) 
< 0.0) 

< 0.0) 
< 0.0) 
< 0.0) 

C 0.0) 
< 0.0) 
< 0.0) 

GEOMETRIC MEAN TITERS 

TYPE 
PLAN A 

I PLAN BD 
PLAN C 

PLAN A 
II PLAN BD 

PLAN C 

PLAN A 
III PLAN BD 

PLAN C 

H 

0 
E, 

0 

0 
6 
0 

0 
6 
0 

2 Months 

GMT 

o.oo 

0.00 

o.oo 

4 Months 

7/ 9 
33/82 
9/18 

7/ 9 
33/82 

'3/18 

7/ 9 
34/82 
10/18 

7/10 
39/85 
10/19 

< 77. 8) 
< 40.2) 
< 50.0) 

77.8) 
< 40.2) 
< 50. 0) 

77.8) 
< 41.5) 
< 55.6) 

< 70.0) 
< 45.9) 
< 52 . 6) 

4 Months 

N 

'3 
82 
18 

9 
82 
18 

9 
82 
18 

GMT 

8.63 
3.13 
4.50 

8.00 
3.2'3 
4.16 

9.33 
3.32 
5.66 

5 Months 

6/10 60.0) 
45/80 56.3) 
15/19 78.9) 

6/10 
49/80 
16/19 

8/10 
49/80 
17/19 

8/10 
53/85 
17/1'3 

( 60. 0) 
61. 3) 
84.2) 

80.0) 
61.3) 
89.5) 

< 80.0) 
62.4) 
8'3.5) 

5 l'lonths 

N 

10 
80 
19 

10 
80 
19 

10 
80 
19 

GMT 

7. 46 
5.81 

14.87 

7.46 
6.01 

16.59 

13.93 
6.39 

21.42 



TABLE 4 
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STOOL SPECIMENS NEUTRALIZING ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 5 1'1onths 
TYPE ------------------ ------------------ ------------------

PLAN A 0/ . ( 0,0) 1/10 10.0) 1/ 9 11. 1 > 
I PLAN BD 0/ 0. 0) 0/75 0.0) 4/78 5 . 1) 

PLAN C 0/. o. 0) 0/18 0.0) 3/19 ( 15.8) 

PLAN A 0/ . 0. 0) 4/10 40.0) S/ 9 ( 55. E, > 
II PLAN BD 0/. o. 0) 3/75 4.0) 9/78 ( 11. 5) 

PLAN C 0/ . 0.0) 0/18 o. 0) 8/1'3 ( 42. U 

PLAN A 0/ . 0.0) 1/10 10.0) 3/ 9 ( 33. 3) 
III PLAN BD 0/ . 0. 0) 2/75 2. 7) 6/78 ( 7. 7) 

PLAN C 0/ . ( 0 . 0) 0/18 o. 0) 2/19 ( 10.5) 

PLAN A 0/ . ( 0 . 0 ) 4/10 40.0) 5/10 50. 0) 
ANY PLAN BD 0/ . 0.0) 4/85 4. 7) 16/85 18.8 ) 

PLAN C 0/ . 0. 0) 0/18 0.0) 8/19 42. 1) 

GEOMETR IC MEAN TITERS 

2 Mont hs 4 l'lonths 5 Months 
------------------ ------------------ ------------------

N GMT N Gl'tT N GMT 
TYPE -------- -------- --------

PLAN A 0 10 1.15 9 1. 17 
I PLAN BD 5 0.00 75 o.oo 78 l. 10 

PLAN C 0 18 o.oo 19 1. 44 

!=•LAN A 0 10 3.73 9 5.04 
II PLAN BD 5 o.oo 75 1.08 78 1. 22 

PLAN C 0 18 o.oo 19 2. 49 

PLAH A 0 10 1.15 9 1. 53 
III PLAN BD 5 o. oo 75 1.06 78 l. 16 

PLAN C 0 18 o.oo 19 1. 29 

GEOMETRIC MEAN TITERS IN INTERHATIOHAL UNITS 

2 Months 4 Months 5 l'lonths 
------------------ ------------------ ------------------

N Gl'IT N GMT M GrlT 
TYPE -------- -------- --------

PLAN A 0 10 o.oi 9 0.01 
I PLAN BD 5 0. 00 75 o. oo 78 0.01 

PLAN C 0 18 o. oo 1 '3 0 . 02 

PLAN A 0 10 0 . 02 9 0.03 
II PLAN BD 5 0. 00 75 0. 01 78 0. 01 

PLAN C 0 18 0.00 l '3 0.01 

PLAN A 0 10 0.01 9 0.02 
III PLAN BD 5 o.oo 75 0.01 78 0.01 

PLAN C 0 18 o.oo 19 0.01 
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TABLE 5 

STOOL SPECIMENS 6)12') IgA ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 5 Months 
TYPE ------------------ ------------------ ------------------

PLAN A 0/ . ( 0.0) 2/10 20.0) 3/ 9 ( 33.3) 
I PLAN BD 0/ . ( o. 0) 5/74 6. 8) 4/77 ( 5.2) 

PLAN C 0/ . ( o. 0) 1/18 5.6) 3/19 ( 15.8) 

PLAN A 01 . ( 0.0) 1/10 10.0) 1/ 9 ( 11. 1) 
II PLAN BD 0/ . ( o. 0) '3/74 ( 12.2) 8/77 ( 10.4) 

PLAN C 01 . ( 0.0) 3/18 ( 16. 7) 7/19 ( 3€..8) 

PLAN A 0/ . ( 0.0) 3/10 30.0) 3/ 9 33.3) 
II I PLAN BD 0/ . ( 0. 0) 8/74 10.8) 15/77 ( 19.5) 

PLAN C 0/ . ( 0.0) 3/18 ( 1E,. 7) 7/19 ( 3€..8) 

PLAN A 0/ . 0.0) 3/10 ( 30.0) 3/10 30.0) 
ANY PLAN BD 0/ . 0.0) 13/85 ( 15. 3) 16/85 18.8) 

PLAN C 0/ . ( 0.0) 4/19 ( 21. 1) 7/19 36.8) 

GEOMETRIC MEAN TITERS 

2 Months 4 l'lonths S Months 
------------------ ------------------ ------------------

N Gl'IT N Gl'IT N GMT 
TYPE -------- -------- --------

PLAN A 0 10 1.52 9 2.00 
I PLAN BD 6 0.00 74 1.17 77 1.12 

PLAN C 0 18 1.13 19 1.39 

PLAN A 0 10 1.23 9 1.36 
II PLAN BD 6 o.oo 74 1.35 77 1.29 

PLAN C 0 18 1. 47 19 2.23 

PLAN A 0 10 1.87 9 2.33 
III PLAN 8D E, 0.00 74 1.30 77 1.55 

PLAN C 0 18 1.53 19 2.49 



TABLE 6 

Polio Protocol 01 

SERUM NEUTRALIZING ANTIBODIES 
AGE 6 - 13 WEEKS 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 l'tonth5- 4 Months 5 Months 
TYPE ------------------ ------------------ ------------------

Plc.'\n A 9/10 ( 90. 0) 7/10 < 70.0) 10/10 (100. 0) 
I Plan BO 58/70 ( 82. 9) 43/69 62.J) 66/68 ( 97. 1 > 

Plan C 13/15 < 86. 7) 12/15 80.0) 14/15 < 93. 3) 

Plan A 10/10 <100. 0) 10/10 <100.0) 10/10 (100.0) 
II Plai, BD 64/70 ( 91.4) 6€,/69 < 95.7) 68/68 <100.0) 

Plan C 14/15 ( 93. 3) 15/15 <100.0) 15/15 (100.0) 

Plan A 9/10 ( 90.0) 10/10 (100. 0) 10/10 (100.0) 
I ., T 

! • Plan BO 53/70 ( 75. 7) 55/€>9 < 79. 7) 66/68 < 97. l> 
Plan C 11/15 ( 73. 3) 12/15 < 80. 0) 14/15 C 93. 3) 

Plan A 10/10 (100.0) 10/10 < 100. 0) 10/10 (100. 0) 
AHY Plan BO 70/70 <100. 0) 69/70 < 98. 6) 68/70 C 97.l) 

Plan C 14/1S < 93.3) 15/15 (100. 0) 1~/1S (100.0) 

GEOMETRIC MEAN TITERS 

2 Months 4 Months 5 rtonths 
------------------ ------------------ ------------------

N GMT H GrtT N GMT 
HPE -------- -------- --------

Plan A 10 25.81 10 28.35 10 259.92 
I Pl an BD 70 22.55 69 7.75 68 213.62 

Plan C 15 22.30 15 9.56 15 228.14 

Plan A 10 60.63 10 519.84 10 3151.73 
II Plan BO 70 48.79 &9 31.44 68 666.53 

Plan C 15 94.82 15 40.00 15 2228.61 

Phn A 10 27.66 10 52.78 10 735.17 
III Plan BD 70 14.94 69 16.77 68 748.45 

Plan C 15 3.87 1S 1S.'30 lS 78.82 

GEOMETRIC l'IEAH TITERS IH INTERHATIOHAL UHITS 

2 l'lonths 4 Months S l'lonths 

------------------ ------------------ ------------------
N Gl'IT M GNT H GMT 

TYPE -------- -------- --------
Plan A 10 0.30 10 0.33 10 3.03 

I Plan BD 70 0.26 6'3 0.09 68 2.49 
Plan C 15 0.2E, 15 o.u 15 2.66 

Plan A 10 0.34 10 2.94 10 17.81 
II Plan BO 70 0.28 69 0.18 68 3.77 

Pl.111 C 15 0.54 15 0.23 15 12.59 

Plan A 10 0.28 10 0.53 10 7.35 
III !=•lan BD 70 0.15 6'3 0.17 68 7.48 

Plan C 15 0.10 15 0.16 15 o. 79 



TABLE 7 
Polio Protocol 01 

SERUM NEUTRALIZING ANTIBODIES 
AGE> 13 WEEKS 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 
TYPE ------------------ ------------------

Plan BD 8/15 ( 53. 3) 10/15 ( U.,. 7) 
I Plan C 2/ 4 ( 50. 0) 4/ 4 (100.0) 

Plan BD 8/15 ( 53. 3) 14/15 ( 93.3) 
II Plan C 4/ 4 (100.0) 4/ 4 (100.0) 

Plan BD 9/15 ( 60 . 0) 13/15 ( 86.7) 
III Plan C 3/ 4 ( 75.0) 3/ 4 ( 75.0) 

Plan BD 13/15 ( 86. 7 > 15/15 (100.0) 
ANY Plan C 4/ 4 0 00. 0) 4/ 4 < 100. 0) 

GEOMETRIC MEAN TITERS 

2 Months 4 l'lonths 
------------------ ------------------

N GMT N GMT 
TYPE -------- --------

Pl an BD 15 4.72 15 8.86 
I Plan C 4 10.f.4 4 33.&4 

Plan BD 15 5.42 15 41.27 
II Plan C 4 40.00 4 33.64 

Plan BD 15 7.96 15 22.30 
III Plan C 4 11.25 4 26.75 

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS 

2 Months 4 Months 
------------------ ------------------

N GMT N GMT 
TYPE -------- --------

Plan BD 15 0.06 15 0.10 
I Plan C 4 0.12 4 0.39 

Plan BD 15 0.03 15 0.23 
II Plan C 4 0.23 4 o. 19 

Plan BD 15 0.08 15 0.22 
III Plan C 4 0.11 4 0.27 

5 Months 
------------------15/15 (100.0) 

4/ 4 (100 . 0) 

15/15 (100.0) 
4/ 4 < 100. 0) 

15/15 (100.0) 
4/ 4 (100.0) 

15/15 (100.0) 
4/ 4 (100. 0) 

5 Months 
------------------N GMT --------

15 531.99 
4 452.55 

15 2681.07 
4 2152.&'3 

15 1940.12 
4 905.10 

5 Month s 
------------------

N GMT 
--------

15 6.21 
4 5.28 

15 15.15 
4 12.16 

15 19.40 
4 9.05 



TABLE 8 

Po l io P~otocol 01 

NAS0PHARYHGEAL SECRETIONS NEUTRALIZI NG ANTIBODIES 
AGE 6 - 13 WEEKS 

PERCENT WITH DETECTABLE ANT I BODY TITER 

2 Months 4 Months 
TYPE 

Pl a 11 A 
I Pl.,n BD 

Plan C 

Plan A 
I I Plan BO 

Pla11 C 

Plan A 
III Plan BD 

Plan C 

Plan A 
ANY Plan BO 

Plan C 

0/ . 
0/. 
0/. 

0/. 
0/ • 
0/. 

0/ . 
0/. 
0/. 

0/. 
0/. 
0/ . 

0. 0) 
0.0) 
0.0) 

< 0.0) 
{ 0.0) 
< 0.0) 

< 0.0) 
< 0.0) 
C 0. 0) 

C 0.0) 
C 0.0) 

0.0) 

GEOl'IETRIC MEAN TITERS 

TYPE 
Plan A 

I Plall BD 
Plan C 

Plan A 
II Plan BD 

Plan C 

Plan A 
III Plan BD 

Plan C 

H 

0 
1 
0 

0 
1 
0 

.0 
1 
0 

2 l'lonths 

GMT 

1.00 
1.00 

1.00 
1.00 

1.00 
1. 00 

3/ 9 
1/ 67 
0/67 

7/ 9 
1/67 
2/ 14 

2/ 9 
2/67 
1/ 14 

7/10 
3/70 
3/lS 

33.3) 
1, S> 

< o. 0) 

77.8) 
1.S> 

14.J) 

< 22.2) 
C 3.0) 
< ?. 1) 

< 70.0) 
( 4. 3) 
< 20. 0) 

4 Months 

N 

9 
67 
14 

9 
67 
14 

9 
67 
14 

Gl'IT 

1. 71 
1.02 
1. 00 

s.oo 
1.03 
1.22 

2.00 
1.04 
1.10 

GEOMETRIC NEAH TITERS IH INTERNATIONAL UNITS 

2 Months 4 Months 

------------------ ------------------
N GMT H GMT 

TYPE -------- --------
~•lan A 0 9 0.02 

I Plan 81) 1 0.01 67 0.01 
~•lan C 0 0.01 14 0.01 

Plan A 0 '3 o.os 
II Plan BD 1 0.01 67 0.01 

Pl an C 0 0.01 14 0.01 

Plan A 0 9 0.02 
III Plan BO 1 0.01 67 0.01 

,.., , ~ r " " "1 1 A (\ "1 

5 Months 

5/10 
23/6S 
8/15 

7/10 
34/&S 
14/15 

5/10 
29/65 

6 / 15 

7/10 
41/70 
14/15 

< 50.0) 
( 35. 4) 
< ~3. 3) 

< 70.0) 
C 52. 3) 
< 93. 3) 

< 50.0 ) 
< 44. G> 
C 40. 0} 

< 70.0) 
< S8.6> 
< 93.3) 

5 Months 

N 

10 
GS 
15 

10 
65 
15 

10 
65 
15 

Gl'IT 

3.03 
1. % 
3.82 

9.19 
3. 23 

18. 38 

5.28 
3. 13 
2. 19 

5 Months 
------------------

H GMT 
----···---

10 0.04 
65 0.02 
15 0.04 

10 o. os 
65 0. 02 
15 0. 10 

10 o.os 
65 0.03 
p:; ('\ f\ ::> 



TABLE 9 
Polio Protocol 01 

NASOPHARYNGEAL SECRETIONS NEUTRALIZING ANTIBODIES 
AGE> 13 WEEKS 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Mont hs 5 Months 
TYP E ------------------ ------------------ ------------------Plan BD 0/ . ( 0.0) 0/ . ( 0 , 0) 4/ 14 ( 28 . 6) 

I Plan C 0/ . ( 0. 0) 0/ . ( 0. 0) 1/ 4 ( 25. 0) 

Plan BD 0/ . 0. 0) 0/ . 0. 0) 8/14 ( 57.1) 
II Plan C 0/ . 0,0) 0/ . o. 0) 31 4 ( 75 . 0) 

Plan BD 0/ . 0. 0) 0/ . 0,0) 4/14 28. E,) 
I II Plan C 0/ . 0. 0) 0/ 0 . 0) 2/ 4 50. 0) 

Plan BD 0/ . 0.0) 0/ . 0. 0) 8/15 53. 3) 
ANY Plan C 0/ . 0. 0) 0/ . 0.0) 3/ 4 75. 0) 

GEOMETRIC MEAN TITERS 

2 Months 4 l'lonth s 5 Months 
------------------ ------------------ ------------------

N GMT N Gl'i T N GMT 
TY PE -------- -------- --------

Plan BD 5 1. 00 15 1.00 14 1 . 64 
I Plan C 0 1.00 4 1.00 4 1.41 

Plan BD 5 1.00 15 1.00 14 3. €;2 
II Plan C 0 1.00 4 1.00 4 22. f:.3 

Plan BD 5 1. 00 15 1.00 14 1. 72 
III Plan C 0 1. 00 4 1.00 4 3.36 

GEOMETRIC l'IEAN TITERS IN INTERNATIONAL UNITS 

2 Months 4 Months 5 Months 
------------------ ------------------ ------------------

N GMT N GMT N GMT 
TYPE -------- -------- --------

Plan BO 5 0 . 01 15 0 . 01 14 0. 02 
I Plan C 0 0.01 4 0. 01 4 0. 02 

Plan 8D 5 0.01 15 0 . 01 14 0.02 
II Plan C 0 0.01 4 0. 01 4 0.13 

Plan BO 5 0.01 15 0.01 14 0 . 02 
I II Plan C 0 0. 01 4 0. 01 4 0. 03 



TABLE 10 

Polio P·rotocol 01 

STOOL SPECIMENS NEUTRALIZING ANTIBOD I ES 
AGEE, - 13 WEEKS 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 l'lonths 4 Months 5 Months 
TYPE ------------------ ------------------ ------------------

Plan A 0/ 0.0) 1/10 10. 0) 1/ g 11 . 1 > 
I Plan BD 0/ . 0 . 0) 0/10 0.0) 4/63 6. 3) 

Plan C 0/ . 0.0) 0/ . 0 . 0) 2/15 13. 3) 

Plan A 0/ . 0 . 0) 4/ 10 ( 40.0) 5/ g ( 55. 6 > 
II Pl an BD 0/ . o. 0) 3/61 ( 4. '3) 8/63 ( 12.7) 

Plan C 0/ 0. 0) 0/61 ( 0.0) 5/15 33.3) 

Plan A 0/ . 0.0) 1/10 ( 10. 0) 3/ g 33. 3) 
III Pl,, n BD 0/ . 0. 0) 2/6 1 ( 3 . 3) 5/63 7. '3) 

Plan C 0/ . 0.0) 0/61 ( 0. 0) 1/15 E, . 7) 

Plan A 0/ . 0.0) 4/10 40. 0) 5/10 50. 0) 
ANY Plan BD 0/ . 0.0) 4/70 5.7) 14/70 20.0) 

Plan C 0/ 0 . 0) 0/70 0 . 0) 5/15 33. J) 

GEOMETRIC MEAN TITERS 

2 Mont hs 4 l'lonths S Months 
------------------ ------------------ ------------------

N Gl'IT M GMT N GMT 
TYPE -------- -------- -----·---

Plan A 0 10 1. 15 g 1. 17 
I P l an BD 1 1.00 E, 1 1.00 63 1. 13 

Plan C 0 1. 00 14 1.00 15 1. 45 

Plan A 0 10 3. 73 g 5.04 
II Plan BD 1 1.00 6 1 1. 10 63 1.25 

Plan C 0 1. 00 14 1.00 15 2 . 41 

Plan A 0 10 1.15 g 1.59 
I II Pla1, BD 1 1.00 61 1.07 63 1.17 

Plan C 0 1.00 14 1.00 15 1.26 

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNI TS 

2 Month s 4 Months 5 Months 
------------------ ------------------ ------------------

N GMT N GMT N GMT 
TYPE -------- -------- ----··---

Plan A 0 10 0. 01 9 0.01 
I Plan BD 1 0 . 01 f.1 0. 01 E,J 0 . 01 

Plan C 0 0. 01 14 0. 01 15 0.02 

Plan A 0 10 0. 02 9 0 . 03 
II Plan BD 1 0. 01 61 0. 01 E,3 0 . 01 

Plan C 0 0. 01 14 0.01 15 0 . 01 

Pl an A 0 10 0. 01 9 0. 02 
III Plan BD 1 0.01 61 0 . 01 E,J 0. 01 

i:q " "' r (\ I\ I\ 1 1 .t. (\ f\1 1 c; r, I\ 1 



TABLE 11 

Polio Protocol 01 

STOOL SPECIMENS NEUTRALIZING ANTIBODIES 
AGE > 13 WEEKS 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 
TYPE ------------------ ------------------Plan .BO 0/ . ( 0.0) 

I Plan C 01 . ( 0.0) 
0/ . o. 0) 
0/ . 0.0) 

Plan BD 0/ . ( 0.0) 
II Plan C 0/ • ( 0.0) 

0/ . o. 0) 
0/ . o. 0) 

Plan BD 0/. 0.0) 
III Plan C 0/ . 0.0) 

0/ . o. 0) 
0/ . o. 0) 

Plan BD 0/ . 0.0) 
At-lY Plan C 0/ . 0.0) 

0/ . 0.0) 
0/ . 0.0) 

GEOMETRIC MEAN TITERS 

2 Months 4 Months 
------------------ ------------------N GMT N Gl'IT 

TYPE -------- --------Plan BD 4 1.00 14 1. 00 
I Plan C 0 1.00 4 1. 00 

Plan BD 4 1.00 14 1.00 
II Plan C 0 1.00 4 1.00 

Plan BD 4 1.00 
III Plan C 0 1.00 

14 1.00 
4 1.00 

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS 

2 Months 4 Months 
------------------ ------------------N GMT H GMT 

TYPE -------- --------
Plan BO 4 0.01 H 0.01 

I Plan C 0 0.01 4 0.01 

Plan 80 4 0.01 14 0.01 
II Plan C 0 0.01 4 0.01 

Plan 8D 4 0.01 14 0.01 
I II Plan C 0 0.01 4 0.01 

5 1'1onths 
------------------0/ . 0 . 0) 

1/ 4 25.0) 

1/15 ( E,. 7) 
3/ 4 ( 75.0) 

1/15 6.7) 
1/ 4 25.0) 

2/15 13.3) 
3/ 4 75.0) 

5 Months 
------------------

N Gl'IT --------
15 1.00 

4 1.41 

15 1. 10 
4 2.83 

15 1.15 
4 1. 41 

5 Months 
------------------

N GMT 
- - - -----

15 0.01 
4 0.02 

15 0.01 
4 0.02 

15 0.01 
4 0.01 



TABLE 12 

Polio P·rotocol vl 

NASOPHARYNGEAL SECRETIONS IgA ANTIBODIES 
AGEE, - 13 IJEEKS 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 5 Months 
TYPE ------------------ ------------------ ------------------

Plan A 0/ . 0.0) 7/ 9 ( 77. 8) 6/10 ( E.0.0) 
I Plan BD 0/ . o. 0) 30/t.7 ( 44. 8) 38/6,E, ( 57.E,) 

Plan C 0/ 0.0) 8/14 ( 57. 1) 12/15 ( 80.0) 

Pl an A 0/ ( 0.0) 7/ 9 ( 77.8) E,/10 ( 60. 0) 
II Plan BO 0/ . ( 0.0) 31/E,7 ( 4E,.3) 41/E,E, ( 62.1) 

Plan C 0/ . ( 0.0) 8/14 ( 57 .1) 12/15 ( 80.0) 

Plan A 0/ . 0.0) 7/ 9 77.8) 8/10 80.0) 
III Plan BD 0/ . 0.0) 31/E.7 4E,.3) 40/E,E, €,0. E,) 

Plan C 0/ . 0 . 0) 9/14 64. 3) 13/15 86.7) 

P lan A 0/ . ( 0 . 0) 7/10 ( 70. 0) 8/10 ( 80.0) 
ANY Plan BD 0/ . ( 0.0) JE,/70 ( 51.4) 44/70 ( 62.9) 

P lan C 0/ . ( 0.0) 9/15 ( 60 . 0) 13/15 ( 86.7) 

GEOMETRIC MEAN TITERS 

2 Months 4 Months 5 Months 
------------------ ------------------ ------------------

N GMT N Gl'IT N GMT 
TYPE -------- -------- --------

Plan A 0 . 9 o. oo 10 7.4E, 
I Plan BD 1 1.00 67 3.46 66 6.0'3 

Plan C 0 1.00 14 o.oo 15 14.59 

Plan A 0 . 9 8.00 10 7.4E, 
II Plan BD 1 1.00 67 3 . '36 €,6 €,.48 

Plan C 0 1. 00 14 5.38 15 13.30 

Plan A 0 . 9 9.33 10 13.93 
Ill Plan BD 1 1.00 E,7 3.88 E,6 6.6'3 

Plan C 0 1.00 14 7.61 15 19.25 



TABLE 13 

Polio P·rotocol 01 

NASOPHARYNGEAL SECRETIONS 6)(4) IgA ANTIBODIES 
AGE> 13 WEEKS 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 5 Months 
TYPE ------------------ ------------------ ------------------Plan BD 0/ . 0.0) 3/15 20. 0) 7/14 ( 50.0) 

I Plan C 0/ . 0.0) 1/ 4 25. 0) 3/ 4 ( 75 . 0) 

Plan BD 0/ . o. 0) 2/15 13. 3) 8/14 ( 57.1) 
II Plan C 0/ . 0.0) 1/ 4 25.0) 4/ 4 (100.0) 

Plan BD 0/ . o. 0) 3/15 20. 0) 9/14 ( EA. 3) 
III Pl,.rn C 0/ . 0. 0) 1/ 4 25. 0) 4/ 4 (100.0) 

Pla1; BD 0/ . o. 0) J/15 20. 0) 9/15 ( E.O. 0 > 
ANY Plan C 0/ . 0.0) 1/ 4 25.0) 'ii 4 <100. 0) 

GEOMETRIC MEAN TITERS 

2 Months 4 l'lonths 5 Months 
------------------ ------------------ ------------------

N GMT N GMT N Gl'IT 
TYPE -------- -------- --------

Plan BD 5 1. 00 15 2.00 14 4.€.4 
I Plan C 0 1.00 4 o.oo 4 l&.00 

Plan BD 5 1. 00 15 1.45 14 4.20 
II Plan C 0 1.00 4 1.68 4 38.05 

Plan BD 5 1.00 15 1. €.6 14 5.12 
III Plan C 0 1.00 4 2.00 4 32.00 



TABLE 14 
Polio P·rotocol 01 

STOOL SPECIMENS 6)121) I~A ANTIBODIES 
AGE 6 - 13 WE KS 

PERCEHT WITH DETECTABLE ANT I BODY TITER 

2 Months 4 Months 5 Months 
TYPE ------------------ ------------------ ------------------Plan A 0/. ( 0.0) 2/10 20.0) 3/ 9 JJ.3) 

I Plan BD 0/ . ( 0.0) 4/€.0 6.7) 4/63 6. 3) 
Plan C ., 0/ . ( 0.0) 1/ 14 7. 1) 2/15 13. 3) 

Plan A 0/ . 0.0) 1/10 10.0) 1/ 9 ( 11.1) 
I I Plan BD 0/ . 0.0) 6/€.0 10.0) 7/f,3 ( 11. 1> 

Plan C 0/ . 0.0) 3/14 21. 4) 5/15 ( 33.3) 

Plan A 0/ . 0.0) 3/10 30.0) 3/ 9 33.3) 
rI I Pl a ll BD 0/ . 0.0} 5/€.0 8.3) 11/63 17. 5) 

Plan C 0/ . 0.0) J / 14 21.4) 5/15 33. 3) 

Plan A 0/ . 0.0) 3/10 30.0} 3/10 30.0) 
ANY Plan BD 0/ . 0.0) 9/70 12.9) 12/70 17. 1) 

Plan C 0/ . 0.0) 4/15 26.7) 5/15 33 . 3) 

GEOMETRIC MEAN TITERS 

2 Months 4 Months 5 Month s 
------------------ ------------------ ------------------N GMT N GMT H GMT 

TYPE -------- -------- -------- ' • 
Plan A 0 10 o.oo 9 2.00 ' -r, . 

I Pl an BO 2 1.00 60 1.18 63 1.15 }'- .-' 
Plan C 0 1.00 14 0. 00 15 1.32 

~ 

Plan A 0 10 1.23 . 9 1.36 
II Plan BO 2 1. 00 60 1.27 63 1. JO 

Plan C 0 1.00 14 1.64 15 2.09 r 
Plan A 0 . 10 1.87 9 2.33 

III Plan BO 2 1. 00 60 1. 22 63 1.50 
Plan C 0 1.00 14 1.72 15 2.30 



TABLE 15 

Pol i o P~otocol 01 

STOOL SPECIMENS (6)12') IgA ANTIBODIES 
AGE> 13 WEEKS 

PERCEHT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 
TYPE ------------------ ------------------Plan BD 0/ . ( 0. 0) 1/14 ( 7 .1) 
I Plan C 0/. ( 0 .0) 0/14 ( 0.0) 

Plan BD 0/ . 0.0) 3/14 ( 21.4) 
II Pl~n C 0/ . 0.0) 0/14 ( 0.0) 

Plan BD 0/ . 0.0) 
I II Pla11 C 0/ . 0. 0) 

3/14 ( 21. 4) 
0/14 ( 0.0) 

Plan BD 0/ . 0.0) 
ANY Plan C 0/ . 0. 0) 

4/15 26. 7) 
0/15 0. 0) 

GEOMETRIC MEAN TITERS 

2 Month s 4 Months 
------------------ ------------------

H GMT N GMT 
TYPE -------- --------

Plan BD 4 1. 00 14 1.16 
I Plan C 0 1.00 4 0.00 

Plan BD 4 1.00 
II Plan C 0 1.00 

14 1.72 
4 1.00 

Plan BD 4 1. 00 14 1.72 
III Plan C 0 1.00 4 1. 00 

5 Months 
------------------

0/ . ( 0.0) 
1/ 4 ( 25.0) 

1/14 ( 7.1) 
2/ 4 ( 50 . 0) 

4/14 ( 28.6) 
2/ 4 ( 50.0) 

1+/15 26.7) 
2/ 4 50. 0) 

s Months 
------------------

N GMT --------
14 1.00 

4 1.68 

14 1.22 
4 2.83 

14 1.81 
4 3.36 



TABLE 16 
Polio Protocol 01 

SERUM NEUTRALIZI NG ANTIBODIES 
PLAN 8D 

PERCENT WI TH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 
TYPE ------------------ ------------------PREME 12/19 63.2) 8/19 42.1) 
I TERM 54/66 81.8) 45/65 69.2) 

PREME 16/19 84. 2) 16/19 84. 2) 
II TERM 5E./66 84.8) 61+/65 98. 5) 

PREME 15/19 78. 9) 14/19 73. 7) 
III TERM 47/66 71. 2) 54/65 83.1) 

PREME 18/19 94. 7) 19/19 (100 . 0) 
ANY TERI'! 65/66 98. 5) 65/66 ( 98.5) 

GEOMETRIC MEAN TITERS 

2 Months 4 Months 
------------------ ------------------

N GMT N GMT 
TYPE -------- --------

PREME 19 6.88 19 4.39 
I TERM 66 22.25 65 9.44 

PREME 19 20.02 19 24.92 
II TERM 66 38.27 65 35. 83 

PREME 19 14.78 19 15.1 5 
III TERM 66 12. 99 65 18.45 

GEOMETRIC MEAN TITERS I N INTERNATIONAL UNI TS 

2 Months 4 Months 
------------------ ------------------

N GM T N GMT 
TYPE -------- --------

PREME 19 0.08 19 0 . 05 
I TERM E,6 0. 2E, E,5 0.11 

PREME 19 0.11 19 0. 14 
II TERM 66 0.22 65 0. 20 

PREME 19 0.15 19 0.15 
III TERM 66 0.13 65 0. 18 

5 Months 
------------------

19/19 (100. 0) 
62/64 ( 96 . 9) 

19/19 (100.0) 
E,4/64 (100.0) 

19/19 (100.0) 
62/64 ( 96. 9) 

19/19 (100.0) 
64/66 ( 97.0) 

5 Months 
------------------

N GMT --------
19 308.54 
64 237.21 

19 1147. 31 
64 786.23 

19 888.74 
64 889. 13 

5 Months 
------------------

N GMT 
--------

1 '3 3.E,0 
E,4 2 . 77 

1 '3 6.48 
64 4. 44 

19 8.83 
64 8.89 



t--~- ,,I;.., - • ' -- ~ h 

TABLE 17 
Polio Pr otocol 01 

SERUl'I MEUTRALIZIHG ANTIBODIES 
PATIENTS HAO CONTACT WITH OPV 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 l'tonths 4 l'tonths ~ l'tonths 
TYPE ------------------ ------------------ ------------------

Pl,rn A 2/ 2 (100 . 0) 2/ 2 (100.0) 2/ 2 (100.0) 
I Plan BD 14/1'3 ( 73 . 7) 10/18 < 55. 6) 18/18 (100 .0) 

Plan C 2/ 3 ( E.6. 7) 3/ 3 (100 . 0) 3/ 3 <100. 0) 

Plan A 2/ 2 (100.0) 2/ 2 (100.0) 2/ 2 (100 . 0) 
II Plan BD 16/19 ( 84.2) 17/18 ( 94. 4) 18/18 (100.0 ) 

Plan C 3/ 3 (100 .0) 3/ 3 (100.0) J / J (100 . 0) 

Plan A 1/ 2 ( 50.0) 2/ 2 (100.0) 2/ 2 < 100. 0 l 
III :-'lan BD 12/1'3 ( 63 . 2) 13/18 72 .2) 18/18 (100.0) 

Pla1, C 2/ 3 ( 66.7) 2/ 3 ( 66.7) 3/ 3 ( 100. 0) 

Pla1, A 21 2 (100.0) 2/ 2 < 100. 0) 2/ 2 (100.0) 
ANY Plan BD 19/1'3 (100.0) 18/ 19 < 94. 7) 18/19 ( 94. 7) 

Plan C 31 3 (100.0) 3/ 3 (100. 0) 3/ 3 (100.0) 

GEOl'IETRIC l'IEAH TITERS 

2 Months 4 Months S Months 
------------------ -------------·----- ------------------

N Gl'IT N GMT N GMT 
T'f:-•E -------- -------- --------

Phn A 2 28.28 2 80.00 2 640.00 
I Plan BO 19 13. 09 18 4.6'3 18 570.18 

Plan C 3 11.70 3 20.00 3 806.35 

Plan A 2 40.00 2 452.55 2 14481.55 
II Plan BO 19 22.34 18 32.59 18 1810.1'3 

Plan C 3 50.40 3 25.20 3 1612.70 

Plan A 2 6.32 2 160.00 2 2560.00 
III Plan BD 19 8.56 18 13.29 18 1185. 12 

Phn C 3 5.85 3 7.37 3 507.97 

GEOMETRIC l'IEAH TITERS IM INTERNATIOHAL UNITS 

2 l'lonths 4 Months 5 Months 
------------------ ------------------ ------------------

~ GMT N GMT N GMT 
TYPE 

___ , ______ -------- --------
Plan A 2 0.33 2 0.93 2 7 .47 

I Plan BD 19 0.15 18 0.0G 18 6.65 
Plan C 3 0.14 3 0.23 3 9. 41 

Pl a·,, A 2 0 . 23 2 2.56 2 81.82 
I I Plan BD 19 0.13 18 0.18 18 10. 23 

Pl ,rn C 3 0.28 3 0.14 3 '3. 11 

Pl an A 2 0.06 2 1.60 2 25.60 
III Pl an BD 19 0.09 18 0.13 18 11.S5 

c,, -'" r ~ n. n~ .. .. .1 0 . 0 7 _ .1 c; . OA 



Pol i o P·rotoco l 01 TABLE 18 

SERUM NEUTRALIZING ANTIBODIES 
PATIENTS DID NOT HAVE CONTACT WITH OPV 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 5 Months TYPE ------------------ ------------------ ------------------Plan A 7/ 8 ( 87. 5) 5/ 8 < 62. 5) 8/ 8 (100. 0) I Plan BD 52/E,E, ( 78.8) 43/E,6 ( E,5.2) 63/65 ( '36. '3) !=•l an C , 13/16 ( 81. 3) 13/16 ( 81. 3) 15/16 < '33.8) 
Plan A 8/ 8 < tOO . O> 8/ 8 (100.0) 8 / 8 (1 00.0) 

II Plan BD 56/66 ( 84.8) 63/66 < '35.5) 65/65 (100.0) Plan C 15/lE, ( 93.8) 16/H, (100.0) 16/16 (100. 0) 
Plan A 8/ 8 < 100. 0 ) 8/ 8 (100. 0) 8 / 8 (100. 0) 

I II Plcill BD 50/66 ( 75. 8) 55/66 < 83.3) 63/E,5 ( 96. '3) Plan C 12/16 ( 75.0) 13/ 16 < 81. 3) 15/16 < 93. 8) 
Plan A 8/ 8 (100.0) 8/ 8 <100. 0) 8/ 8 <100. 0) ANY Plcin BD 64/66 ( '37.0) 66/66 <100. 0) 65/66 < '38. 5) Plan C 15/1E, ( 93.8) 1€,/16 <100. 0) 16/16 (100. 0) 

GEOMETRIC MEAN TITERS 

2 Months 4 Months 5 Months ------------------ ------------------ ------------------N GMT N GMT N GMT 
TYPE -------- -------- --------Plan A 8 25.22 8 21.87 8 207.49 I Plan BD E,E, 18 .48 66 '3.06 65 200.92 Plan C 16 20.'32 16 11.40 16 213.68 

Plan A 8 67.27 8 538.17 8 2152.E,9 
II Plan BO 66 37. 08 66 33.12 65 697.00 

Plan C 16 86.03 16 41. 77 1E, 2347. 33 

Plan A 8 40.00 8 40.00 8 538.17 
III Plan BD U, 15.20 66 19.07 65 821.01 Pl an C 16 11.25 1 E, 20.92 16 102.31 

GEOMETRIC MEAN TITERS IN INTERNATIONAL UN ITS 

2 Months 4 Months 5 Months ------------------ ------------------ ------------------N GMT N Gl'IT N GMT 
TYPE -------- -------- --------Plan A 8 0.29 8 0.26 8 2. '•2 I Plan BD E,E, 0.22 f,E, 0.11 €>5 2.34 

Plan C 16 0.24 16 0.13 16 2.49 

Pl.11 A 8 0.38 8 3.04 8 12 . 16 
II Plan BD E,6 0.21 €,6 0.19 E,5 3.94 

Pl an C 16 0.49 16 0.24 16 13 . 26 

Plan A 8 0.40 a 0.40 8 5. 38 
III Plan BD 66 0.15 66 0.19 E,5 8.21 

Plan C 16 0.11 16 0. 21 1 E, 1.02 



TABLE 19 

Polio Protoco l 01 

NASOPHARYNGEAL SECRETIONS NEUTRALIZING ANTIBODIES 
PATIENTS HAD CONTACT WITH OPV 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 5 Months 
TYPE ------------------ ------------------ ------------------

~•lan A 0/ . 0.0) 1/ 2 50. 0) 1/ 2 50. 0) 
I Pl..,11 BD 0/ 0.0) 0/ 2 0.0) 9/18 50 . 0) 

Plan C 01 . 0.0) 0/ . o. 0) 2/ 3 E,E,. 7) 

Plan A 01 . o. 0) 2/ 2 (100. 0) 1/ 2 50.0) 
II Pl an BD 0/ . 0. 0) 0/ 2 ( 0. 0) 14/18 C 77.8) 

Pl an C 0/ o. 0) 0/ ( 0. 0) 31 3 (100. 0) 

Plan A 01 0. 0) 1/ 2 50.0) 1/ 2 50. 0 ) 
r•r l .a. Plan BD 0/ o. 0) 1/19 5.3) 11/18 61.1) 

~•l an C 01 . ( 0. 0) 0/19 0.0) 2/ 3 66.7) 

Pldn A 0/ . ( o. 0) 2/ 2 (100.0) 1/ 2 50. 0) 
ANY Plan BD 0/ . ( o. 0) 1/19 ( 5.J) 16/1'3 < 84.2) 

Pldn C 0/ . ( o. 0) 0/1'3 ( 0.0) 3/ 3 (100.0) 

GEOMETRIC MEAN TI TERS 

2 Months 4 Mont hs 5 Months 
------------------ ------------------ ------------------

N GMT · N Gl'IT N GMT 
TYPE 

,. ________ 
-------- ---·-···---

Pldn A 0 2 2.00 2 8.00 
I Pldn BD 0 19 1.00 18 3. 05 

Pldn C 0 3 1.00 3 4.00 

Plan A 0 2 11.31 2 1 1. 31 
I I Plan BD 0 19 1.00 18 6.86 

Plan C 0 3 1.00 3 20.16 

Plan A 0 2 11 . 31 2 11. 31 
III Plan BD 0 19 1.08 18 5 .88 

Plan C 0 3 1. 00 3 6.35 

GEOMETRIC MEAH TITERS IN INTERNATIONAL UNITS 

2 Months 4 Months 5 Months 
------------------ ------------------ ------------------

N GMT N GMT N GMT 
TYPE -··------ -------- ----····-·· 

Plan A 0 2 0. 02 2 0.09 
I Plan BD 0 19 0 . 01 18 0 . 04 

Plan C 0 3 0.01 3 0.05 

i=•lan A 0 2 0.06 2 0 .06 
I I Plan BD 0 19 0. 01 18 0 . 04 

P lan C 0 3 0 . 01 3 0 .1 :: 

~•lan A 0 2 o. 11 2 0 1 .; .. -
II I Plan BD 0 19 0. 01 18 0 . OE. 

,., , ~ ... , ("' ,., ., /\ I\ 1 ., .•, r-&. 



TABLE 20 
Polio P·,·otocol 01 

NASOPHARYNGEAL SECRETIONS NEUTRALIZING ANTIBODIES 
PATIENTS DID NOT HAVE CONTACT WITH OPV 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 5 Months 
TYPE ------------------ ------------------ ------------------Pl an A 01 . 0.0) 2/ 7 28. 6) 4/ 8 ( 50.0) 

I Plan BD 0/. 0.0) 1/63 1.6) 18/E,1 ( 29.5) 
Plan C 0/ 0 .0} 0/63 0.0) 7/lf, ( 43.8) 

p 1.", A 0/ . 0.0} 5/ 7 71. 4) E,/ 8 ( 75.0) 
II Plan BO 0/. o. 0) 1/63 1.6) 28/61 ( 45.9) 

Pl a 1, C 0/ . 0.0) 2/15 13.3) 14/16 ( 87.5) 

Plan A 0 / . ( 0.0} 1/ 7 ( 14.3) 4/ 8 ( 50.0) 
III Plan BO 0/ . ( 0. 0) 1/63 ( 1.6) 22/61 ( 3f,. 1) 

Plan C 0/ . ( 0.0} 1/15 ( 6. 7) 6/16 ( 37.5) 

Plan A 0/ . 0.0} 5/ 8 62. 5 > 6/ 8 75. 0) 
ANY Plan BO 01 . 0.0} 2/ 66 3.0 ) 33/E,6 50. 0) 

Pl..=1 1, C 0/ . 0. 0) 3/H, 18.8) 14/16 87 .5) 

GEOMETRIC :-!EAN TITERS 

2 Months 4 Months 5 Months ------------------ ------------------ ------------------
N GMT N Gl'IT N GMT 

TYPE -------- -------- --------
Plan A 0 . 7 1.64 8 2.38 

I Plan BD 6 1.00 E,J 1. 02 61 1. E,5 
Plan C 0 1.00 15 1. 00 l E, 2.95 

Pl.,n A 0 . 7 7.25 8 8.72 
II Plan BD E, 1.00 63 1. 03 61 2.E,E, 

Plan C 0 1.00 15 1.20 16 19.03 

Plan A 0 . 7 1.22 8 4. 3E, 
III Plan BD E, 1.00 E,J 1.02 61 2. 27 

Plan C 0 1.00 15 1. 10 16 2.00 

GEOMETRIC MEAH TITERS HI INTERNATIONAL UNITS 

2 Months 4 Months 5 Months 
------------------ ------------------ ------------------

N GMT N Gi"IT N GMT 
TYPE -------- -------- --------

Plan A 0 . 7 0.02 8 0.03 
I Plan BO E, 0.01 63 0.01 61 0.02 

Plan C 0 0.01 15 0.01 16 0.03 

Plan A 0 . 7 0.04 8 0.05 
II Plan BD 6 0.01 63 0.01 61 0.02 

Plan C 0 0.01 15 0.01 1€, 0.11 

Plan A 0 . 7 0.01 8 0.04 
III Plan BD 6 0.01 63 0. 01 61 0.02 

Plan C 0 0.01 15 0.01 16 0. 02 



TABLE 21 
Polio Pr otocol 01 

NASOPHARYNGEAL SECRETIONS 5)14} IgA ANTIBODIES 
PATIENTS HAD CONTACT WITH OPU 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 5 Months 
TYPE ------------------ ------------------ ------------------Plan A 0/. ( 0.0) 1/ 2 ( 50.0) 1/ 2 ( 50.0) 

I Plan BO 0/ . ( 0.0) 9/19 ( 47.4) 14/18 ( 77.8) 
Plan C 0/ ( 0.0) 1/ 3 ( 33. 3) 2/ 3 ( 66 . 7) 

Plan A 0/ . ( 0.0) 1/ 2 ( 50. 0) 1/ 2 50.0) 
II ~•Ian BD 01 . ( 0.0) 9/19 ( 47.4) 15/18 ( 83.3) 

Pldn C 01 . ( 0.0) 1/ 3 ( 33.3) 3/ 3 (100.0) 

Plan A 0/ . ( 0.0) 1/ 2 ( 50.0) 2/ 2 (100.0) 
I II Plan BD 0/ . ( 0.0) 9/19 ( 47.4) 15/18 ( 83.3) 

Plan C 0/ . ( 0.0) 1/ 3 ( 33.3} 3/ 3 (100. 0) 

Plan A 0/ • ( 0.0) 1/ 2 ( 50.0) 2/ 2 (100.0) 
ANY Plan BD 0/ . ( 0. 0) 9/19 ( 47.4) 15/19 < 78 . 9) 

Plan C 0/ . ( 0 . 0) 1/ 3 ( 33.3) 3/ 3 (100.0) 

GEOMETRIC MEAN TITERS 

2 Months 4 Months 5 Months 
------------------ -----~------------ ------------------N GMT N GMT N GMT 

TYPE -------- -------- --------Plan A 0 2 o.oo 2 4.00 
I Plan BD 0 19 0.00 18 13.72 

Plan C 0 3 o.oo 3 20.16 

Plan A 0 2 S.66 2 4.00 
II P 1 dll BD 0 19 4.80 18 14.81 

~•lan C 0 3 2.52 3 25.40 

Plan A 0 2 4.00 2 16. 00 
I II Plan BD 0 19 4.63 18 16.00 

Plan C 0 3 2.52 3 40. 32 



Polio Protocol 01 
TABLE 22 

NASOPHARYNGEAL SECRETIONS ~6} 4} I gA ANTIBODIES 
PATIENTS DID NOT HAVE CUK1ACT WITH OPV 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 rtonths 
TYPE 

Plan A 
I Pla1, BD 

Plan C 

Pl,rn A 
II Plan BD 

Plan C 

Plan A 
I II Plan BD 

Pl;,n C 

Plan A 
ANY Plan BD 

Plan C 

0/ • 0.0) 
0/ • 0.0) 
0/ 0.0) 

0/. 
0/. 
0/. 

0/. 
0/ 
0/ • 

0/. 
0/. 
0/. 

0.0) 
0.0) 
0.0) 

0.0) 
0.0) 
0.0) 

0.0) 
0.0) 
0.0) 

GEOMETRIC MEAN TITERS 

TYPE 
Plan A 

I Plan BD 

II 

III 

Plan C 

Plan A 
Plan BD 
Plan C 

Pla·n A 
Plan BD 
Plan C 

N 

0 
6 
0 

0 
6 
0 

0 
6 
0 

2 Months 

GMT 

. 
1.00 
1.00 

. 
1.00 
1.00 

. 
1.00 
1.00 

6/ 7 
24/63 
8/15 

6/ 7 
24/63 
8/15 

6/ 7 
25/63 

9/15 

6/ 8 
30/66 

9/1€. 

85.7) 
38.1) 
53.3) 

< 85.7) 
< 38.1) 
< 53.3) 

85.7) 
3 'h 7) 
60.0) 

75.0) 
45. 5) 
56. J) 

4 Months 

GMT 

7 o. 00 
63 '2.75 
15 o. 00 

7 
63 
15 

7 
63 
15 

8.83 
2.94 
4.59 

11.89 
3.00 
6.65 

5 Months 
------------------5/ 8 

31/62 
13/16 

5/ 8 
34/62 
13/16 

6/ 8 
34/62 
14/16 

6/ 8 
38/66 
14/16 

< E.2.5) 
( 50. 0) 
( 81. 3) 

< 62.5) 
( 54.8) 
< 81. 3) 

75. 0) 
54. 8) 
87. 5) 

75. 0) 
57. f,) 
87.5) 

N 

8 
62 
16 

5 Months 

'GMT 

8.72 
4~52 

14.05 

8 
62 
16 

8 
62 
16 

8.72 
4.63 

15.32 

13.45 
4.89 

19.03 



· ~•, ( ,,.., .. 

TABLE 23 . ~ 

Polio Protocol 01 

STOOL SPECIMENS NEUTRALIZING ANTIBODIES 
PATIENTS HAD CONTACT WITH OPV 

PERCENT WITH DETECTABLE ANTI BODY TI TER 

2 Months 4 Months 5 Months 
TYPE ------------------ ------------------ - -----------------Plan A 0/ . o. 0) 1/ 2 50.0) 0/ . 0 .0) I Pl c1n BD 0/ . 0.0) 0/ 2 0 . 0 ) 2/17 ( 11.8) 

Plan C 0/ . 0 . 0 ) 0/ . 0. 0) 1/ 3 ( 33. J) 

Plcln A 0/ . ( 0.0 ) 1/ 2 50.0) 1/ 2 50.0) 
II Plan BD 0/ . ( 0.0) 0/ 2 o. 0) 2/1 7 ( 11. 8 ) 

Plan C 0/ . ( 0 . 0) 0/ . ( 0.0) 2/ 3 ( 66 . 7 > 

Pl an A 0/ . 0. 0) 1/ 2 50. 0) 0/ . 0. 0) 
III Pl an BD 0/ . 0. 0) 1/18 5.6) 2/ 17 11.8) 

Plan C 0/ . 0. 0) 0/18 0.0) 1/ 3 33. 3) 

Plan A 0/ . ( 0 . 0) 1/ 2 50 . 0) 1/ 2 ( 50.0 ) 
ANY Plan BD 0/ . ( 0.0) ! /19 5 . 3) S/19 ( 26.J) 

Pl.i n C 01 . ( 0.0) 0/1'3 0.0) 2/ 3 ( 66 . 7) 

GEOMETRIC MEAN TITERS 

2 Months 4 Months 5 Months 
------------------ ------------------ ------------------

N GMT H Gl'IT N Gl'IT 
TYPE -----·---- -------- --------

Plan A 0 2 2.00 2 1.00 
I l=•lan BD 0 18 1.00 17 1. 33 

Plan C 0 3 1.00 3 1. 59 

Plan A 0 2 5.66 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 
III Plan 8D 0 . 18 1.08 17 t. 1.q 

Plan C 0 3 1.00 J 1. 59 

GEOMETRIC MEAN TITERS IN INTERHAT IONAL UNITS 

2 Months 4 Months S Months 
------------------ ------------------ ------------------

N GMT N Gl'H N GMT 
T'fPE -------- -------- ----·---

Pl an A 0 2 0.02 2 \. 01 
I Pl,HI BD 0 18 0. 01 17 0.02 

Plan C 0 J 0.01 3 0 . 02 

Plan A 0 2 O.OJ 2 0 . 02 
Ir Plan BD 0 18 0. 01 17 0. 01 

Plan C 0 3 0.01 3 0 .01 

Plan A 0 2 0. 02 2 0.0 1 
III Plan &D 0 18 0 . 01 17 0 .01 

C•1 .:.n r 0 1 0 . (') 1 .':I 0. 0? 



Polio P·rotoco l 01 
TABLE 24 

STOOL SPECIMENS NEUTRALIZING ANTI BODIES 
PATI ENTS DID NOT HAVE CONTACT WITH OPV 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Mont hs '+ Months 5 ;tlont hs 
TYPE ------------------ ------------------ ------------------Plan A 0/ . ( o. 0) 0/ . 0. 0) 1/ 7 ( 14. 3) 

I Pl an BD 0/ . ( o. 0) 0/ . 0.0) 2/61 ( 3.3) 
Plan C 0/ . ( o. 0) 0/ . 0.0) 2/ 16 ( 12. 5) 

P Lrn A 0/ . ( 0 . 0) 3/ 8 ( 37.5) 4/ 7 ( 57. 1) 
II Plan BD 0/ . ( 0.0) 3/57 ( 5. 3) 7/E,1 ( 11 . 5) 

Plan C 0/ . ( 0.0) 0/57 ( 0. 0) 6/16 ( 37. 5) 

Plan A 0/ ~ 0. 0) 0/ . ( 0.0) 31 7 ( 42. '3) 
II I Plan BD 0/ . 0 . 0) 1/57 ( 1.8) /1/61 ( E,. 6) 

Plan C 0/ . o. 0) 0/57 ( 0 .0) 1/16 ( e.. 3) 

Plan A 0/ . 0.0) 3/ 8 37 . 5) 4/ 8 ( 50 . 0) 
ANY Plan BD 0/ . o. 0) 3/66 4.5) 11/66 ( 1E. . 7) 

Plan C 0/ . 0.0) 0/66 0 . 0) 6/16 ( 37. 5) 

GEOMETRIC MEAN TITERS 

2 Months 4 Mont hs 5 Months ------------------ ------------------ ------------------N GMT M GMT N GMT 
TYPE -------- -------- --------

Pl an A 0 . 8 1. 00 7 1. 22 
I Pl,rn BD 5 1.00 57 1.00 61 1. 05 

P l C\11 
,.. ,., 

L OO 15 1.00 16 1. 41 .., V 

Plan A 0 . 8 3.36 7 5. '34 
II Plan BD 5 1.00 57 1. 11 6 1 1.23 

Plan C 0 1.00 15 1.00 16 2. 48 

Pian A 0 . 8 1.00 7 1. 81 
II I Pl an BD 5 1. 00 57 L OS 61 1. 16 

Pl an C 0 1.00 15 1.00 1 t. 1. 24 

GEOMETR IC MEAN TITERS IN INTERNAT I ONAL UNI TS 

2 Mont hs 4 Mo nt hs 5 Months 
------------------ ------------------ ------------------

N GMT ~ GMT N GMT 
TYPE -------- -------- --------

Plan A 0 . 8 0. 01 7 0.01 
I Pla ,, BD s 0. 01 57 0 . 01 E.l 0.01 

Plan C 0 0. 01 15 0. 01 16 0.02 

Plan A 0 . 8 0.02 7 0 . 03 
II Plan BD s 0.01 57 0. 01 61 0.01 

Pl an C 0 0.01 15 0.01 16 0. 01 

Plan A 0 . 8 0 . 01 7 0. 02 
III Pl an BD 5 0. 01 57 O.Ol E, 1 0.01 

Plan C 0 0. 01 15 0 . 01 lt. 0.01 



TABLE 25 
Polio P·rotocol 0 1 

STOOL SPECI MENS (D) .21) I gA ANTIBODIES .. 
PATIENTS HAD CONTACT WITH OPV 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months 5 Months 
TYPE ------------------ ------------------ ------------------Plan A 0/ . 0.0) 1/ 2 ( 50. 0) 01 . ( o. 0) 

I Plan BD 0/ . 0.0) 1/18 ( 5. f.) 0/ ( 0 . 0 ) 
Plan C 0/ . 0 .0) 0/18 ( 0.0) 11 3 33. 3) 

Pl an A 0/ 0 . 0) 0/ . ( 0.0) 0/ 0 . 0} 
II Plan BD 0/ . 0.0) 2/18 ( 11. 1) 1/1 7 ( 5. 9) 

Plan C 0/ . 0.0) 0/18 ( 0 . 0) 1/ 3 ( 33.3) 

Plan A 0/ . 0,0) 1/ 2 ( 50 . 0) 01 . ( o. o> 
III Plan BD 0/ . 0.0) 0/ 2 ( 0 . 0) 1/17 ( 5. 9) 

Pl an C Of . 0 . 0) 0/ . ( 0.0) 1/ 3 ( 33 . 3) 

Pl .an A 0/ . 0.0) 1/ 2 ( 50.0) 0/ . 0.0) 
ANY Pl an BD 0/ . 0 . 0) 3/19 ( 15.8) 1/19 5.3) 

Plan C 0/ . 0 . 0) 0/19 ( 0 . 0) 1/ 3 33.3) 

GEOMETRIC MEAN TITERS 

2 Mo nths 4 l'lonths 5 Mont hs ------------------ ------------------ ------------------N GMT N GMT N GMT 
TYPE -------- -------- --------

Plan A 0 2 0.00 2 1.00 
I Plan BO 0 18 o.oo 17 1.00 

Plan C 0 3 0.00 3 2. 00 

Plan A 0 2 1. 00 2 1. 00 
II Plan BD 0 18 1.31 17 1.13 

Pl an C 0 3 1.00 3 2 . 00 

Pl~n A 0 2 2 . 83 2 1.00 
III Plan BD 0 18 1.00 17 1.1 3 

Plan C 0 3 1. 00 3 2.52 



TABLE 26 
Polio l>rotoco l 01 

STOOL SPECIMENS ~~~qI~A ANTIBODIES 
PATIENTS DID NOTH E O TACT WITH OPV 

PERCENT WITH DETECTABLE ANTIBODY TITER 

2 Months 4 Months S Months 
TYPE ------------------ ------------------ ------------------Plan A 0/ . 0.0) 1/ 8 12.5) 3/ 7 ( 42.9) 

I Pl,rn BD 0/ . 0. 0) 4/5E, 7.1) 4 / €,0 ( 6. 7) 
Plan C 0/ . 0.0) 1/15 E,. 7) 2/16 ( 12. 5) 

Pl-:1.n A 0/ . 0. 0) 1/ 8 ( 12. 5) 1/ 7 14. -3) 
II Pla·11 BD 0/ . o. 0) 7/56 ( 12. 5) 7/€,0 11. 7) 

Plan C 0/ . 0.0) 3/15 ( 20.0) E,/ 1 E, 37.5) 

Plan A 0/ . ( 0.0) 2/ 8 ( 25. 0) 3/ 7 42.9) 
III Plan BD 0/ . ( 0 .0) 8/5€, ( 14. 3) 14/E.O 23. 3 ) 

Plan C 0/ . ( 0.0) 3/15 ( 20.0) 6/16 37.5) 

Plan A 0/ . ( 0.0) 2/ 8 25.0) 3/ 8 37 . 5) 
ANY Plan BD 0/ . ( 0 . 0) 10/6€, 15. 2) 15/66 22.7) 

Plan C 0/ . ( 0 . 0) lt/1€, 25.0) 6/16 37. 5 ) 

GEOMETRIC MEAN TITERS 

2 Months 4 Months 5 Months 
------------------ ------------------ ------------------

N GMT N GMT N GMT 
TY PE -------- -------- --------

Pl an A 0 . 8 o.oo 7 2.44 
I Plan BD E, 1.00 56 1.19 60 1.16 

Plan C 0 1.00 15 o.oo 16 1.30 

Plan A 0 8 1. 30 7 1.49 
II Plan BD 6 1.00 56 1.36 60 1.33 

Plan C 0 1. 00 15 1. 59 1€, 2.28 

Pl an A 0 . 8 1-E.8 7 2 . 97 
III Plan BD f., 1.00 56 1. 41 60 1.70 

Pl an C 0 1.00 15 1.66 1 €, 2.48 



TABLE 27 
Pol i o P~o t ocol 01 

SERUl'I NEUTRALIZING ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

Visit 1 Visit 2 Visit 3 
TYPE ------------------ ------------------ -~ ---------------

PLAN F1 14/15 ( 93. 3) 14/15 < 93.3) 15/15 < 100. 0) 
I PLAN F2 15/15 (100.0) 15/15 (100.0) 15/15 <100. 0) 

PLAN Fl 14/15 ( 93. 3) 15/15 (100. 0) 15/15 (100.0) 
II PLAN F2 15/15 <100. 0) 15/15 (100.0) 15/15 (100.0) 

PLAN Fl 14/15 93.3) 15/15 (100.0) 15/15 (100 . 0) 
III PLAN F2 14/15 93.3) 15/15 <100.0) 15/15 (100.0) 

PLAN Fl 14/15 ( 93. 3) 15/15 (100.0) 15/15 (100. 0) 
ANY PLAN F2 15/15 (100. 0) 15/15 (100.0) 15/15 (100.0) 

GEOl'IETRIC 1'1EAN TI TERS 

Visit 1 Visit 2 Visit J 
------------------ ------------------ ------------------

N Gl'IT N Gl'IT N GMT 
TYPE -------- -------- --------

PLAN Fl 15 172.90 15 4816.60 15 4888.79 
I PLAN F2 15 335.13 15 4003.74 15 5615.74 

PLAN Fl 15 250.23 15 7760.48 15 12319.00 
II PLAN Fe? 15 531.99 1S 17828.90 15 17828.88 

PLAN Fl 15 143.72 15 13511. 81 15 17828.90 
III PLAN F2 15 345.80 15 14150.80 15 19555.19 

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS 

Visit 1 Vi5it 2 Visit 3 

------------------ ------------------ ------------------
M GMT N GMT N GMT 

TYPE -------- -------- --------
PLAN Fl 15 2.02 15 56.21 15 57 .05 

I PLAN F2 15 3.91 15 46.72 15 65.54 

PLAN Fl 15 1.41 15 43.85 15 69.60 
II i:•LAM F2 15 3.01 15 100.73 15 100.73 

PLAN Fl 15 1.44 15 135.12 15 178.29 
III PLAN F2 15 3.46 15 141.51 15 195.55 



TABLE 28 
Polio Protocol 01 

NASOPHARYNGEAL SECRETIONS NEUTRALIZING ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

TYPE 
PLAN Fl 

I PLAN F2 

PLAN Fl 
II PLAN F2 

PLAN Fl 
III PLAN F2 

PLAN F1 
ANY PLAN F2 

Visit 1 

0/15 < 0.0) 
4/15 < 26.7) 

2/15 < 13. 3) 
1/15 ( 6. 7) 

4/15 < 26.7) 
6/15 < 40. 0) 

5/15 
8/15 

33. 3) 
53.3) 

GEOMETRIC MEAN TITERS 

TYPE 
PLAN Fl 

I PLAN F2 

PLAN Fl 
II PLAN F2 

PLAN Fl 
III PLAN F2 

15 
15 

15 
15 

15 
15 

Visit 1 

GMT 

o.oo 
1.45 

1.45 
1 . 1s 

1.74 
2. 19 

Visit 2 

11/15 73. 3) 
9/15 < 60. 0) 

12/15 < 80. 0) 
12/15 ( 80. 0) 

13/15 < 86. 7) 
12/15 < 80.0) 

14/15 ( 93.3) 
14/15 < 93.3) 

H 

15 
15 

15 
!5 

15 
15 

Visit 2 

GPIT 

6.35 
3.17 

12.70 
10.56 

GEOMETRIC MEAN TITERS IN INTERNATIONAL UNITS 

TYPE 
PLAN Fl 

I PLAH F2 

PLAN Fl 
II PLAN F2 

PLAN Fl 
III PLAN F2 

N 

1S 
15 

15 
15 

15 
15 

Visit 1 

GMT 

o.oo 
0.02 

0.01 
0.01 

0.02 
0.02 

N 

15 
15 

15 
15 

15 
15 

Visit 2 

GMT 

0.07 
0.04 

0.04 
0.05 

0.13 
o. 11 

Vis i t 3 

------------------
8/15 ( 53. 3) 

10/15 ( 66. 7) 

10/15 ( 66. 7) 
10/15 C 66. 7) 

14/15 93.3 ) 
11/ 15 C 73. 3) 

14/15 C 93. 3) 
14/15 < 93. 3) 

Visit 3 
------------------

N 

15 
15 

15 
15 

15 
15 

N 

15 
15 

15 
15 

15 
15 

GMT 

6 .65 
5 .79 

9.62 

20.16 
11.58 

Vis i t 3 

GMT 

0.08 
0.07 

0.05 
0.04 

0.20 
0.12 



Polio Protocol 01 
TABLE 29 

STOOL SPECIMENS NEUTRALIZING ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

Visit 1 Visit 2 Visit 3 
TYPE ------------------ ------------------ ------------------

PLAN Fl 0/15 ( 0.0) 3/15 ( 20.0) 1/15 ( E..7) 
I PLAN F2 2/15 ( 13.3) 2/14 ( 14. 3) 2/15 ( 13.3) 

PLAN Fl 0/15 0.0) 2/15 13.3) 1/15 ( E..7) 
II PLAN F2 2/15 13.J) 2/14 ( 14. 3) 7/15 ( 46. 7) 

~•LAN Fl 0/15 ( 0.0) 3/15 ( 20. 0) 5/15 ( 33.3) 
III PLAN F2 1/15 ( E,. 7) 7/14 ( 50.0) 7/15 ( 4f,. 7) 

PLAN Fl 0/15 ( 0.0) E,/15 ( 40.0) 5/15 33.3) 
ANY PLAN F2 3/15 ( 20.0) 8/15 < 53.3) 8/15 < 53.3) 

GEOMETRIC MEAN TITERS 

Visit 1 Visit 2 Visit 3 
------------------ ------------------ ------------------

N Gl'IT N Gl'IT N Gl'IT 
TYPE -------- -------- --------

PLAN F1 15 o.oo 15 1.32 15 1.20 
I PLAN F2 15 1.26 14 1.28 15 1. 45 

PLAN Fl 15 0.00 15 1. 32 15 1.32 
II PLAN F2 15 1. 32 14 1.49 15 3.48 

PLAN Fl 15 0.00 15 1.59 15 2.19 
III PLAN F2 15 1.15 14 2.97 15 3.48 

GEOMETRIC l'IEAN TITERS IN INTERNATIONAL UNITS 

Visit 1 Visit 2 Visit 3 
------------------ ------------------ ------------------

N Gl'IT N GMT N GMT 
TYPE -------- -------- --------

PLAN Fl 15 0.00 15 0.02 15 0.01 
I PLAN F2 15 0.01 14 0.01 15 0.02 

PLAN Fl 15 o.oo 15 0.01 15 0.01 
II PLAN F2 15 0.01 14 0.01 15 0.02 

PLAN Fl 15 o.oo 15 0.02 15 0.02 
III PLAN F2 15 0.01 14 0.03 15 0.03 



TABLE 30 

Polio Protocol 01 

NASOPHARYNGEAL SECRETIONS~~) IgA ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

Visit 1 Visit 2 Visit 3 
TYPE ------------------ ------------------ ------------------

PLAN Fl 8/14 57.1) 11/15 73. 3) 10/15 &6.7) 
I PLAN F2 10/15 < 66. 7) 10/15 66.7) 12/15 80. 0 ) 

PLAN Fl 10/14 71. 4) 10/15 66.7) 10/ 15 E,E,. 7) 
II PLAN F2 10/15 < 66.7) 10/15 66. 7) 13/15 < 86.7 ) 

PLAN Fl 10/14 71. 4) 12/15 < 80.0) 11/15 ( 73. 3) 
III PLAN F2 11/15 < 73.3) 10/15 < 66. 7) 14/15 ( 93. 3) 

PLAN Fl 10/15 66.7) 12/15 80. 0) 11/15 73.3) 
ANY PLAN F2 11/15 ( 73.J) 10/15 E.6.7) 14/15 93. J) 

GEOMETRIC l'IEAN TITERS 

Visit 1 Visit 2 Visit J 

------------------ ------------------ ------------------
N Gl'IT N Gl'IT N Gl'IT 

TYPE -------- -------- --------
PLAN Fl 14 8.41 15 -8. 77 15 13.93 

I PLAN F2 15 12.13 15 6.9€. 15 10.56 

PLAN Fl 14 9.28 15 8. 77 15 12.70 
II PLAN F2 15 8.00 15 7.29 15 14.59 

PLAN Fl 14 13.79 15 13.30 15 19.25 
III PLAN F2 15 10.SE. 15 10.08 15 20.16 



TABLE 31 

Polio Pro t oco l 01 

STOOL SPECIMEHS ~t:>)l4} IgA ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

Vi s i t 1 Visit 2 
TYPE ------------------ ------------------

~•LAH Fl 3/15 20.0) 2/15 ( 13. 3) 
I PLAN F2 3/15 20.0) 1/15 ( E,. 7) 

PLAN Fl 3/15 ( 20.0) 4/15 < 2G.7> 
II PLAN F2 4/15 ( 2E..7) E,/15 ( 40.0) 

PLAN Fl 3/15 20.0) 5/15 C 33.3) 
III PLAN F2 3/15 < 20. 0) 5/15 < 33.3) 

PLAN Fl 3/15 ( 20.0) 5/15 ( 33.3) 
ANY PLAN F2 '1/ 15 ( 26.7) 8/15 C 53. 3) 

GEOMETRIC MEAN TITERS 

Visit 1 Vi sit 2 

------------------ ------------------
N GMT N GMT 

TYPE --------- --------
!=•LAN Fl 15 1.82 15 1. 32 

I PLAN F2 15 1.82 15 1.15 

PLAN Fl 15 1. E,E, 15 1.82 
II PLAN F2 15 1.91 15 2.30 

PLAN Fl 15 1. 82 15 2. 1 '3 
III PLAN F2 15 1.59 15 2.19 

Visit 3 
------------------

5/15 ( 33. 3) 
3/15 < 20. 0) 

E,/15 40. 0) 
5/15 ( 33. 3) 

E,/15 40. 0) 
4/15 < 2E. . 7) 

7/15 ( 4€,. 7) 
E,/15 ( 40.0) 

Vi si t 3 

------------------
N GMT 

--------
15 2. 1 '3 
15 1. 5'3 

15 2.52 
15 2.1'3 

15 2.52 
15 2.00 



TABLE 32 
Polio ~Totocol 01 

SERUM NEUTRALIZI NG ANTIBODIES 
PATIEN TS HAD CONTACT WITH OPV 

PERCENT WITH DETECTABLE ANTIBODY TI TER 

Visit 1 Vi sit 2 
TYPE ------------------ ------------------Pl an Fl 7/ 7 (100. 0) 71 7 (100.0) 

I P l an F2 5/ 5 (100 . 0) 5 / 5 (100. 0) 

;:•1an Fl 71 7 (1 00.0) 71 7 (100. 0) 
II Plan F2 5/ 5 (100. 0) 5/ 5 < 100. 0) 

Plan Fl 71 7 ( 100. 0 > 7/ 7 (100.0) 
I II Plan F2 5/ 5 (100. 0) 5/ 5 (100. 0) 

Plan Fl 71 7 (1 00. 0) 71 7 ( 100.0) 
ANY Pl,:rn F2 5/ 5 (100. 0) 5/ 5 (100. 0) 

GEOMETRI C MEAN TITERS 

Visit 1 Visit 2 
------------------ ------------------

N GMT N GMT 
TYPE -------- --------

Plan Fl 7 21 5.34 7 8400 . 23 
I Plan F2 5 422.24 5 2940.67 

Plan Fl 7 430.f,9 7 £>891 . 02 
II Plan F2 5 211. 12 5 8914 . 4& 

Plan Fl 7 118. 88 7 10240.02 
III Pl,rn F2 5 557.15 5 17828. 92 

GEOMETRIC MEAN TITERS IN I tHERNAT IONAL UNITS 

Visi t 1 Visit 2 
------------------ ------------------

N GMT N Gl'IT 
TYPE -------- --------

Pl,rn Fl 7 2.51 7 98.03 
I Plan F2 5 4. 93 5 34.32 

Plan F1 7 2. 43 7 38. 93 
II Pl an F2 5 1. 19 5 50.37 

Plan Fl 7 1.19 7 102. 40 
III Plan F2 5 5. 57 s 178.29 

Vi s it 3 
------------------

71 7 C 100. 0) 
5/ 5 (100.0) 

71 7 (100. 0) 
5/ 5 (100. 0) 

71 7 (100. 0) 
5/ "' ._J (100. 0) 

7/ 7 (100.0) 
5/ 5 (100. 0) 

Visit 3 
------------------

N GMT 
--------

7 7&08.30 
5 5881.34 

7 12482. 72 
5 8914.44 

7 16800. 50 
5 23525. '•0 

Visi t 3 
------------------

N GMT 
---··----

7 88.73 
5 68.64 

7 70.53 
5 50. 37 

7 168.00 
5 235.25 



TABLE 33 
Polio rrotocol 01 

SERUM NEUTRALIZING ANTIBODIES 
PATIENTS DID HOT HAVE CONTACT WITH OPV 

PERCENT WITH DETECTABLE ANTIBODY TITER 

Visit 1 Visit 2 
TYPE ------------------ ------------------Plan Fl 11 a ( 87. 5) 7/ 8 ( 87. 5) 

I Plon F2 10/10 (100.0) 10/10 (100.0) 

Plan Fl 7/ 8 ( 87. 5) 8/ 8 (100.0) 
II 1:i1an F2 10/10 (100. 0) 10/10 (100. 0 ) 

Plan Fl 7/ 8 ( 87.5) 8/ 8 (100.0) 
III Plan F2 '3/10 ( '30.0) 10/10 (100.0) 

Plan Fl 71 6 ( 87.5) 8/ 6 (100. 0) 
ANY Plan F2 10/10 (100.0) 10/10 ( 100. 0) 

GEOMETRIC MEAN TITERS 

Visit 1 Visit 2 
------------------ ------------------N GMT N GMT 

TYPE -------- --------
Plan Fl 8 142.68 a 2360.63 

I Plan F2 10 298.57 10 4671. 71 

Pl a11 Fl 8 155.60 8 8610.79 
II Plan F2 10 844.49 10 25213. 87 

Plan Fl 8 163.68 8 17221.64 
III Plan F2 10 272. 43 10 12606.92 

GEOMETRIC MEAN TITERS IN INTERNATI OHAL UNITS 

Visit 1 Visit 2 
------------------ ------------------

N GMT N GMT 
TYPE -------- --------

Plan Fl 8 1.67 8 34.55 
I Plan F2 10 3.48 10 54.52 

Plan Fl 8 0.88 8 48.65 
II Plan F2 10 4. 77 10 142.46 

Plan Fl 8 1.70 8 172.22 
III Plan F2 10 2.72 10 126.07 

Visit 3 
------------------8/ 8 (100. 0) 

10/10 < 100. 0) 

8/ 8 (100.0) 
10/10 (100.0) 

8/ 8 (100. 0) 
10/10 (100. 0) 

8/ 8 (100. 0) 
10/10 (100. 0) 

Vi5it 3 
------------------

N GMT 
--------

8 3319.31 
10 5487.48 

8 12177.50 
10 25213.84 

8 18780.27 
10 17828.90 

Visit 3 
------------------

N GMT 
--------

8 38. 74 
10 64.04 

8 68.80 
10 142.46 

8 187.80 
10 178.29 



MERIEUX INSTITUTE, INC. 

April 21, 1989 

Dr. Paul Parkman 
Director 

• M 

Center for Biologics Evaluation 
and Research 

ATTN: Division of Product 
Certification, ATTN: HFN-825 

Parklawn Building, Room 98-05 
5600 Fishers Lane 
Rockville, MD 20857 

7855 n.w. 12th street. suite #114. miomi, florldo 33126-1818 

p.o. box 52-3980, miomf, florido 33152-3980 

phone (305) 593-9577 / telex , 807387 

REFERENCE NO. 83-087 

Dear Dr. Parkman: 

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
genirity studies of Ors. Pearay Ogra and Howard Faden, State 
University of New York/Children's Hospital, Buffalo and Ors. 
Marshall McBean and John Modlin, Johns Hopkins University, 
Baltimore. 

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

Sincerely yours, 

2n,Z: 
Vice President 
Quality Control and 
Regulatory Affairs 

PC~ 
89286 



SUMMARY 

MERIEUX INACTIVATED POLIOVIRUS VACCINE 

FINAL REPORT OF CLINICAL STUDIES AT 

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

4-21-89 

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 lgA 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 lgA 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 ce 11 1 i nes of Vero ce 11 s using mi crocarri er 

culture has been extensively tested i n 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 

2 



State University of New York/Children's Hospital, Buffalo by 

Ors. H. Faden and P. Ogra. Supplemental studies on groups of 

chi 1 dren using three of the four groups tested in Buffa 1 o 

(only IPV or combined schedules) were initiated at Johns 

Hopkins by Ors. M. McBean and J. Modlin at a later date. 

To meet the FDA request for M-IPV licensure, 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 21102, 

21103, 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 a 11 groups. The groups and vaccine schedules 

are shown below: 

IMMUNIZATION PLAN FOR CHILDREN 

GROUP 2 MONTHS 4 MONTHS 12 MONTHS 

A OPV OPV OPV 

B IPV IPV IPB 

C 

D 

IPV 

IPV 

OPV 

IPV 

OPV 

OPV 

3 



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 neut ra 1 i zing anti body ti ter was 

considered >1:10; for neutralizing antibody in the naso­

pharyngeal secretions and stool >1:4 and for 
6
}14 lgA in the 

NPS and stool >1:8. GMT's were computed and also expressed 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 

Fl) 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 Ill) 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. 
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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 I I, two doses of I PV gave 1 ower 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 Ill. 

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 levels 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, 

5 



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 II {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). 
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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

ly 30-fold for Type I, SO-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-

1 ar 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 anti body responses 

whether there was exposure or nonexposure to OPV (Tables 22 

and 23). 

7 
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ADVERSE REACTIONS 

There were no serious adverse reactions reported at 

ei ther 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 

B 

C 

D 

No. Enrolled No. Completing Study 

54 44 

16 14 

16 16 

The reactions were summarized as follows: 

No. of Reaction No. Children % with Temps. 
Immunization# Forms with >100.6 

>100.6 

1 86 9 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 ch i ldren received DTP at the same time they 

received the IPV or OPV at 2 and 4 months of age. 
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One child had a temperature of 103, four children 

experienced temperatures of 102. 

Of 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. 

Of 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 a 11 three types of pol i ovi rus. 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 children(o)lo) immunized at the same pri-

vate clinic with two doses of M-IPV, formed good neutralizing 

anti body titers to Type I I but not to the Types I and I I I 

pol iovirus. The Type II baseline titer and titer one month 

post 12-month booster, was 320 for both children. The Types 
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I and II I titers at baseline and post-booster were for (
5
)(

5
) 

10 and <10 and 40 and 20, respectively; for {5>15 10 and <10 

and <10 and 20, respectively. Both children had normal 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 I I I 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- I PV 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 levels were higher in 

adults receiving a second dose of IPV. 
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TABLE 1 

Serum Neutralizing Antibod i es 
Percent with Detectable Antibody Ti ter 

Efficacy Patients 

Type I 

A B C 

--------------- --------------- ---------------
17/ :. ~ 

._.) ( 7 3. 9 > 92/116 7'3. 3) 28/ 32 87.5) 
17/ j · j ....... ( 77. 3) 68/ '33 73. l) 23/ 2'3 7'3. 3) 
22/ 22 < 100. 0) 89/ 91 '37. 8 ) 28/ 29 '36. 6 > 
17/ 22 ( 77. 3) 781 85 '31.8) 27/ 2'3 ( '33. 1 > 
20/ 20 ( 100. 0) 81/ 83 '37. 6 ) 28/ 28 (100.0) 

Type II 

A 8 C 

--------------- --------------- ---------------
22/ 23 ( 95. 7) 1001116 ( 86.2) 30/ 32 ( '33. 8) 
21/ 22 ( '35. 5) 89/ 93 ( 95. 7) 29/ 29 (100.0) 
22/ 22 (100.0) 91/ 91 (100.0) 29/ 29 ( 100.0) 
20/ 22 ( 90.9) 79/ 85 ( 92.9) 26/ 29 ( 89.7) 
20/ 20 < 100. 0) 83/ 8~ <100. 0) 28/ 28 ( 100. 0) 

Type III 

A 8 C 

--------------- --------------- ---------------
1 '3/ 23 ( 82.6) 87/116 75. 0) 23/ 32 71,'3) 

17/ 22 ( 77. 3) 78/ '33 83. '3) 24/ 29 82.8) 
Z.2/ 22 <100. 0) 88/ 91 96. 7) 28/ 29 96.6) 
17/ 22 ( 77.3) 77/ 85 ( '30.6) 25/ 29 86.i!) 
20/ 20 < 100. 0) 83/ 83 < 100. 0) 26/ 28 '32. '3) 

Type Any 

A B C 

------ - ---------·----- ---------------
22./ 23 < 95. 7) 115/116 ( '39. 1 > 31/ 32 ( 96.9) 
22/ 22. < 100. 0) 93/ 93 (100.0l 29/ 29 (100.0) 
22.I 22. < 100. 0) 91/ 91 < 100. 0) Z.9/ 29 (100. 0) 
22./ 22 (100.0) 82/ 8:5 ( 96.5) 28/ 29 ( 96. 6) 

20/ 20 (100.0) 83/ 83 (100.0) 28/ 28 < 100. 0) 

12 

D 

---------------
2'3/ 34 ( 85.3) 
27 / 2'3 ( ·33, l l 
2'3/ 2'3 ( 100.01 
26/ 27 ( 36 • .3 ) 
26/ 26 (100.~) ) 

D 
---------------
32/ 34 < 94. 1 > 
29/ 29 < 100. 0) 
29/ 2'3 (100.0) 
25/ 27 ( 92.6) 
26/ 26 < 100. 0) 

D 

---------------
26/ 34 ( 76.5 ) 
23/ 29 ( 7'3,3 ) 
29/ 2'3 (100.0 ) 
24/ 27 ( ea. '3 > 

26/ 26 (100.0) 

D 

---------------
331 34 ( '37. 1 l 
29/ 29 (100. l)) 
29/ 29 (100.0) 
26/ 27 ( '36. 3 ) 
26/ 26 (100. 01 



TABLE 2 13 
Pol 1,:, Pr,:,t ,:,cc, l (.,. . . - . . ...:. /..:. . 3d 

Ser•..1.m Ne1.J.tral1zing Ar,t l bc,d i li!S 

Rec i prc,ca l Geornetr1c Mear, Titers 
Efficacy Patients 

Type I 

A 8 C D 
-------------- -------------- -------------- --------------

Mos N GMT N GMT N GMT N GMT 
------- ------- ------- -------

a 23 21. 29 116 20.97 32 25.78 34 30.07 
4 22 35.70 93 12. 16 29 10.26 29 22. '3() 
5 22 273.36 '31 i:08.84 29 250.04 29 354.70 

12 22 67.04 es 74.19 29 157.56 27 110.77 
13 20 1470.33 83 2101.29 28 1599.4:5 26 2629. 17 

Type II 

A 8 C D 

---------·----- -------------- -------------- --------------
Mos N GMT N GMT N GMT N GMT -----·-- ------- ----·--- ------

2 23 50.41 116 36.24 32 66.34' 34 :56.54 
4 22 492.39 93 41. Sc 29 41.96 29 51. 17 
5 22 2726.Sl 91 552.lS 29 14~. 4'3 29 709.40 

12 22 403.46 es 128.45 29 504.JS 27 203.44 
13 i:O 3377.94 83 5120.00 28 4305.~ 26 6337. 16 

Type II I 

A 8 C D 

-------------- -·------------- -----·-·-------- --------------
Mos N GMT N GMT N GMT N GMT ------- ------- -·------ -------

2 23 17.0S 116 15.40 32 11.66 34 1:5.0S 
4 22 11. es 93 21. 15 29 17.08 29 15.89 
5 22 3S1.72 91 605.15 29 72. lS 29 1200.22 

12 22 78.48 as 84.99 29 46.96 27 95.83 
13 20 122.19 83 4332.44 28 570.SO 26 1960,92 



TABLE 3 
Po lio Protocol • 

l'IO'S 

2. 
4 
5 

12 
13 

Mos 

2 
4 
5 

12 
13 

Mos 

2 
4 
s 

12 
13 

SeruM Neutralizing Antibodies 
Reciprocal Ge0Metr1c Mean Titers in International Units 

Efficacy Patients 

Type I 

A B C 0 

-------------- -------------- -------------- --------------
N GMT N GMT N GMT N GMT 

------- ------- ------- -------
23 0.2.5 116 0.2ft 32 0.30 34 0.35 
:,•:) ...... 0.42 '33 o. 14 2'3 o. 12 29 0.27 
22. 3. 1'3 31 2.44 2.'3 2.. '32 2.'3 4. 14 
22 0.78 85 0.87 23 1. 84 2.7 1. 2'3 
21) 17. 16 83 24.52 2.8 18. 67 26 30.68 

Type II 

A B C 0 

-------------- -------------- --·------------ --------------
N GMT N GMT N GMT N GMT 

------- ------- ------- -------
2.3 0.28 116 0.20 32 0.37 34 0.32 
22 2.78 93 0.23 29 0.24 29 0.29 
22 15. 'tO 91 3. 12 29 8. lS 29 4.01 
22 2.28 as 0.73 29 2.ss 27 1. 15 
20 1'3.0'3 83 28.93 28 24.33 26 3S.80 

Typ• III 

A B C 0 

-------------- -------------- -------------- --------------
N GMT N GMT N GMT N GMT 

------- ------- ------- -------
23 0.17 116 O. l:S 32 0.12 34 o. 15 
22 0.18 93 0.21 29 0.17 29 o. 16 
22 3.~ 91 6.0S 29 0.72 29 12. 00 
22 0.78 as o.as 29 0.47 27 0.'36 
20 1s.22 83 43.32 28 5.70 26 1 '3. 61 

14 



Mos 

4 

5 
12 
1.3 

Mo1t 

4 
5 

12 
13 

Mos 

4 
5 

12 
13 

Mos 

4 
5 

12 
13 

A 

TABLE 4 

Nasopharyngeal Neutraliiing Antibodies 
Percent wi t h Detectable ~ntibody Titer 

Eff i cacy Patients 

Type I 

B C 

--------------- --------------- ---------------
6 / •:,•:, ...... 27 • .3) 5/ 33 5. 4) 1/ 23 3. 4) 

6 / 2a 27. 3) 23/ 31 25.3) 11/ 23 37.'3) 
71 22 31. 8 ) 6/ 85 7. 1 > 31 29 10. 3) 

14/ 20 ( 70.0) 27/ 83 ( 32.5) 12/ 28 42. '3 > 

Type II 

A B C 

--------------- --------------- ---------------
15/ 22 68.2) 4/ 93 4. 3) 3/ 29 ( 10.3) 
15/ 22 68.2) 32/ 91 3:i.2) 20/ 29 ( 69.0) 
lS/ 22 68.2) 10/ 85 11. 8) 9/ 29 ( 31.0) 
17/ 20 85. 0) 39/ 83 47.0) 18/ 28 ( 64. 3) 

Type I II 

A B C 

D 

---------------
0 / 23 o. 0 ) 
6/ 23 20. 7> 
2/ 27 7,4) 
'3/ 26 ( 34.b l 

D 

---------------
0/ 29 0.0) 

10/ 29 34.5) 
4/ 27 14.8) 

15/ 26 57. 7) 

D 

--------------- --------------- --------------- ---------------
4/ 22 
9/ 22 
8/ 22 

1S/ 20 

A 

18. 2) 
40.9) 
36. 4) 
75.0) 

---------------
16/ 22 ( 72. 7) 
16/ 22 ( 72.7) 
16/ 22 ( 72. 7> 
18/ 20 ( '90. 0) 

SI '33 
34/ 91 
10/ 85 
40/ 83 

s. 4) 
37.4) 
11.8) 
48.2) 

2/ 29 
6/ 29 
2/ 29 < 
8/ 28 < 

6. 9) 
20.7} 

6. 9) 
28.6) 

Type Any 

B C 

--------------- --------------
6/ 93 6.5) 4/ 2'9 ( 13.8) 

43/ 91 47.3) 21/ 29 ( 72.4) 
141 es 16.5) 12/ 29 ( 41.4) 
53/ 83 6.'3. 9) 19/ 28 ( 67.9) 

0/ 29 0.0 ) 
10/ 29 34.5 ) 
2/ 27 7. 4 ) 
71 26 26.'3) 

D 

---------------
0/ 29 0.0) 

13/ 29 44.8) 
6/ 27 22.2) 

15/ 26 57.7) 

15 



Mo• 

4 
5 

12 
13 

Mo• 

4 
s 

12 
13 

Mos 

4 
5 

12 
13 

TABLE 5 

Nasopharyngeal Neutralizing Antibodies 
Reciprocal Geometric Mean Titers 

Efficacy Patients 

Type I 

A B C D 

N GMT N GMT N GMT N GMT 
------- ------- ------- -------

22 1.86 '33 1. 2S 2'3 1. 17 29 o.oo 
22 1. 82 '31 l. 88 29 2.54 2'3 1. 43 
aa 2.31 85 1. 2S 29 1.i::4 27 l. 14 
20 S.66 83 2.17 28 2.63 26 2.05 

Type II 

A B C D 
-------------- -------------- -------------- --------------

N GMT N GMT N GMT N GMT 
------- ------- ----·--- -------

22 7.19 93 1. 22 ~ 1. 29 29 o.oo 
22 6.83 91 2.33 29 7.81 29 2.31 
22 7. 91 85 1. 3a 29 2.31 27 1. 40 
20 17.15 83 3.29 28 7.25 26 6.29 

Type II I 

A B C D 

-------------- ------·-------- ----------·---- ----·----------
N GMT N GMT N GMT N GMT 

------- ------- ------- -------
22 l.74 93 1. 24 29 l. 23 29 o.oo 
22 2.92 91 2.63 ~ 1. SO ~ 2. 31 
22 3.17 85 1. 41 ~ 1. 27 27 1. 11 
20 6. SO 83 3. 3:5 28 1. 9S 26 2.41 

16 



TABLE 6 
Pollo Pro tocol ~-

Mos 

4 
5 

12 
13 

l'los 

4 
5 

12 
13 

Mos 

4 
5 

12 
13 

Nasophary"geal Neutraliiing Antibodies 
Reciprocal Geometric Mean Titers in International U"Lts 

EffLcacy Patients 

Type I 

A 8 C D 

-------------- -------------- -------------- --------------
N GMT N GMT N GMT N GMT 

------- ------- ------- -------
22 (). 02 '33 0.01 29 0.01 2'3 0. 01 
22 0.02 '31 0.02 23 0.03 2'3 0 . 02 
22 (),OJ 85 0.01 29 o. 01 27 0. 0 1 
20 0.07 SJ 0,03 28 0.03 26 0. 02 

Type II 

A B C D 

---------·----- -------------- -------------- ----------·----
N Gl'IT N GMT N GMT N GMT ------- ------- - ·----- -------
22 0.04 93 o. 01 29 o. 01 29 0.01 
22 0.04 91 0.01 29 0.04 29 0.01 
22 0.04 85 0.01 29 0.01 27 0.01 
20 0.10 83 0.02 28 0.04 26 0.04 

Type I II 

A 8 C D 

----------·---- -------------- -·------------- --------------
N GMT N GMT N GMT N GMT 

------- ------- ------- -------
22 0.02 '33 0.01 29 0.01 29 0.01 
22 0.03 91 0.03 29 0.02 29 0.02 
22 o. 03 85 0.01 29 0.01 27 0.01 
20 0.06 83 0.03 28 0.02 26 0.02 

17 



Mos 

4 
5 

12 
13 

Mos 

4 
s 

12 
13 

Mos 

4 
s 

12 
13 

Mos 

4 
5 

12 
13 

TABLE 7 

Nasopharyr,geal {t>)(4) I gA Ar,tibod1es 
Percent with Detectable Antibody Titer 

Efficacy Patients 

Type I 

A B C 

--------------- --------------- ---------------
17/ :r:, ...... ( 77. 3) 53/ '33 57. 0 > 21/ 2'3 72. 4) 
16/ 22 ( 72. 7) 59/ '31 64.8) 22/ 2'3 75. '3 l 
22/ 22 ( 100. 0) 68/ 85 80. 0) 26/ 2'3 89. 7 > 
20/ 20 ( 100. 0 > 65/ 83 78.3) 2'+/ 28 ( 85.7) 

Type I I 

A B C 

--------------- --------------- ---------------
17/ 22 ( 77.3) 55/ 93 59. l > 20/ 29 69.0) 
16/ 22 ( 72. 7) 60/ 91 65. 9) 24/ 29 82. 8) 
22/ 22 (100.0) 69/ 85 81. 2) 26/ c9 89. 7) 
20/ 20 ( 100.0) 67/ 83 80. 7) 26/ 28 92. 9) 

Type I II 

A 8 C 

--------------- --------------- ---------------
17/ 22 ( 77. 3) SO/ 93 53.8) 23/ 29 79.3) 
17/ 22 ( 77. 3) 59/ 91 64.8) 23/ 29 79.3) 
22/ 22 (100.0) 72/ as 84. 7) 26/ 29 89.7) 
20/ 20 < 100. 0) 69/ 83 83. 1 > 26/ 28 92.9) 

Type Any 

A 8 C 

-· ·-----------·-- --------------- ---------------
17/ 22 ( 77. 3) 59/ 93 63. 4) 23/ 29 ( 79. 3) 
18/ 22 ( 81. 8) 65/ 91 71. 4) 25/ 29 ( 86.2) 
22/ 22 (100. 0) 72/ 85 84. 7) 271 29 ( 93. 1 > 
20/ 20 < 100. 0) 71/ 83 as. 5> 26/ 28 ( 92.9) 

18 

D 

---------------
18/ 29 62. 1 > 

16/ 2'3 55.~) 
22/ 27 81. 5) 
l '3/ 26 73. l> 

D 

---------------
19/ 2'3 65. 5) 
20/ 29 69. 0 > 
22/ 27 81. 5) 
20/ 26 76. '3) 

0 

-·--------------
20/ 29 69.0) 
21/ 29 72. 4) 
22/ 27 81.5) 
20/ 26 76. 9 > 

D 

---------------
22/ 29 75.'3) 
22/ 29 75.9) 
22/ 27 81. 5) 
20/ as 76. '3 > 



TABLE 8 

Poli o Protocol v , 

Mos 

4 
5 

12 
13 

Mos 

4 
5 

12 
13 

Mos 

4 
5 

12 
13 

N•sopharyngeal 4) IgA Antibodies 
Reciprocal Geometric Me•n Titers 

Efficacy Patients 

Type I 

A 8 C 

-------------- -------------- --------------
N GMT N GMT N GMT 

------- ------- -------
;) ·;) ...... 13.0'3 '33 :5.&2 29 11. 35 
22 15. 02 '31 7. 31 2'3 13.86 
22 t>l. 30 85 1S.47 2'3 17. 61 
20 68.59 83 14.80 28 22.63 

Type II 

A 8 C 

-------------- -------------- --------------
N GMT N GMT N GMT 

----·--- ------- -------
22 12. 29 '33 6.47 29 10.56 
22 13.24 '31 7. 71 29 14.20 
22 61.30 85 16.25 29 18. 91 
20 97.01 83 15.95 28 33.62 

Typtt II I 

A 8 C 

-------------- -------------- --·------------
N GMT N GMT N GMT 

------- ------- -------
22 13.09 93 5.37 29 13. 42 
22 17. 04 91 7.77 29 15.62 
22 '32. 32 85 1'3.28 29 25.20 
20 128.00 83 19.98 28 40.99 

19 

l 2 1 2 : , 36 

D 

--------------
N GMT 

-------
2'3 6.15 
2'3 5. 08 
27 15. 20 
26 12.5'3 

D 

--------------
N GMT 

-------
29 7.81 
29 7.10 
27 16.42 
26 13.63 

D 

--------------
N GMT 

-------
29 '3.02 
29 7.63 
27 l '3. 15 
26 15. 17 



Mc,s 

4 
5 

12 
13 

Mos 

4 
5 

12 
13 

Mos 

4 
5 

12 
13 

Mos 

4 
5 

12 
13 

TABLE 9 

Stool Neutralizing Antibodies 
Percent with Detectable Antibody Titer 

Efficacy Patients 

Type I 

A B C 

--------------- --------------- ---------------
1/ :,-:i ...... 4. 5) 6/ 33 6. 5) 1/ 23 3. 4) 
6/ 22 2.7. 3 > 6/ 31 6. 6) 4/ 23 13. 6) 
1/ ::,•::> ..... 4, 5) 4/ 85 4, 7) 6/ .23 ( ao. 7> 
71 20 35,0) 71 83 8. 4) 10/ 28 ( 35. 7) 

Type I I 

A B C 

--------------- --------------- ---------------4/ 22 18.2) 3/ '33 '3. 7) 1/ i?9 3,4) 
10/ 22 45. 5) 10/ 91 11. 0) 8/ 29 27.6) 
6/ 22 27. 3) 3/ 85 10. 6) 11/ 29 37, 9) 

11/ 20 55.0) 10/ 83 12. 0) 16/ 28 57. 1 > 

Type I II 

A B C 

--------------- -------·-------- ---------------
1/ 22 4. 5) 71 '33 7. 5) 1/ 29 . 3, 4) 
6/ 22 27.3) '3/ '31 '3, 9) 3/ 29 10,3) 
4/ 22 18. 2) 6/ 85 7. 1) 5/ 29 17. 2) 
81 20 40.0) '3/ 83 10, 8) 71 28 25.0) 

Type Any 

A B C 

--------------- --------·------- ---------------
4/ 22 ( 18,2) 12/ '33 12.9) 1/ 29 3. 4) 

131 ca ( S9.1> 17/ 91 18, 7) 8/ 29 27,6) 
7/ 22 ( 31.8) 9/ 85 10.6) 13/ 29 44.8) 

12/ 20 ( 60,0) 12/ 83 14. 5) 16/ 28 57. 1) 

20 

0 

---------------
3/ 23 1 I). 3) 
2/ 2'3 6. '3 l 
0/ 27 o. (>) 

6/ 26 23. l) 

0 

---------------
J/ 29 10. 3) 
5/ 29 17,2) 
1/ 27 3. 7) 

11/ 26 42,3) 

· D 

---------------
3/ 2'3 10. 3) 
2/ 29 6. '3) 
0/ 27 (), 0) 
6/ 26 23, 1 > 

0 

---------------
3/ 29 11), 3) 
6/ 2'3 20. 7) 
1/ 27 3. 7) 

11/ 26 42,Jl 



Polio Protocol 01 

TABLE 10 

Stool Neutralizing Antibodies 
Reciprocal Geometric Mean Titers 

Efficacy Patients 

Type I 

A B C D 

Mos N GMT N Gl'IT N GMT N GMT 
------- ------- ------- -------

4 22 1. 07 '33 1. 26 29 1. 17 2'3 1. 61 
5 22 1. 74 '31 1. 2S 2'3 1. 4'3 2'3 1. 26 

12 ,:.-:, ..... 1. 10 es 1. 17 29 1. S6 27 o.oo 
13 20 2.'32 83 1. 36 28 2.24 26 1. '33 

Typ• II 

A 8 C D 
-------------- -------------- -------------- --------------

fllos N GMT N GMT N GMT N GMT 
------- ------- ------ ------

4 22 1.ac '33 1. 34 29 1. 17 29 1. 61 
5 22 3. 83 91 1. 31 29 2.13 29 1.sa 

12 22 2.00 as 1. 31 29 2.sa 27 1.os 
13 20 6.94 83 1. 47 28 S.33 26 4. 18 

Type I II 

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 91 1.31 29 1 • .a 2CJ 1. 23 

12 22 1. 71 8!5 1. 20 29 1. S2 27 o. oo 
13 20 3.47 83 1. 41 28 1. 89 26 2.0'3 

21 



Mos 

4 
5 

12 
1J 

flllos 

4 
5 

12 
13 

Mos 

4 
5 

12 
13 

TABLE 11 

Stool Neutraliz i ng Antibodies 
Reciprocal Ge0Metr1c Mean Titers in Internationa l Un i ts 

Efficacy Patients 

Type I 

A B C D 

-------------- -------------- -------------- --------------
N GMT N GMT N GMT N GMT 

------- ------- ------- -------
22 o. 01 '33 0.01 2'3 0.01 2'3 0. 02 
22 0.02 '31 0.01 2'3 0.02 2'3 0. 01 
22 0.01 85 0.01 2'3 0.02 27 o. 01 
20 0.03 83 0.02 28 0.03 2S 0.()2 

Type II 

A B C D 

-------------- -------------- -------------- --------------
N GMT N GMT N GMT N GMT ------- ------- ------ -------
22 0.01 93 0.01 29 0.01 29 0.01 
22 0.02 91 0.01 29 0.01 29 0.01 
22 0.01 85 0.01 29 0.01 27 0.01 
20 0.04 83 0.01 28 0.03 26 0.02 

Type I II 

A B C D 

-------------- -------------- -------------- --------------
N GMT N GMT N GMT N GMT 

-·------ -----·-- ------- -------
22 0.01 93 0.01 29 0.01 29 0. 02 
22 0.02 '31 0.01 29 0.01 29 0. 01 
22 0.02 85 o. 01 29 0.02 27 0.01 
20 0.03 83 0.01 28 0.02 26 0. 02 

22 



Mos 

4 
5 

12 
13 

Mos 

4 
5 

12 
13 

Mos 

4 
s 

12 
13 

Mos 

4 
5 

12 
13 

TABLE 12 

Stool {t>f{.i:J I gA Ar,t i bodies 
Percent with Detectable Antibody Titer 

Efficacy Patients 

Type I 

A B C 

--------------- --------------- ---------------
41 :, :, ...... ( 18,2) 13/ 33 20.4) 4/ 23 13. 8) 
4/ :r:, ..... 18. 2) 16/ 31 17.6) 4/ 2'3 13. S> 
6/ •J •j ..... 27.3) 18/ 85 21. 2) 6/ 29 20.7) 
71 20 ( 35.0) 15/ 83 ( 18. 1> 6/ 28 ( 21, 4) 

Type II 

A 8 C 

--------------- --------------- --·-------------
2/ 22 '3. 1) 17/ 33 18. 3) 6/ 29 20. 7) 
3/ -:,-~ .... 13. 6) 16/ 91 17. 6) 8/ 29 27.6) 
9/ 22 40.9) 18/ 85 21. 2) 6/ 29 20. 7) 

11/ 20 55.0) 17/ 83 20.S> 10/ 28 35. 7) 

Type III 

A 8 C 

--------------- --------------- ---------------
4/ 22 18. 2) 20/ 93 21.S> 5/ 29 17. 2) 
4/ 22 18.2) ao, 91 ( i::!2.0) 8/ 29 27.6) 
8/ 22 36.4) 19/ as 22.4) S/ 29 11. a> 

10/ 20 50.0) 17/ 83 ao. s> 10/ 28 35. 7) 

Type Any 

A 8 C 

------------·--- --------------- ---------------
6/ 22 ( a1.J> 26/ 93 28. 0) 11 29 24. 1) 
4/ 22 ( 18.2) 23/ 91 as. J> 8/ 29 27. 6) 
9/ 22 ( 40.9) 23/ as 27. 1 > 6/ 29 20. 7) 

11/ 20 ( ss.o, 22/ 83 26. 5) 11/ 28 39.3) 

23 

D 

---------------
4/ 29 13. 8) 
3/ 29 10,3) 
5/ 27 18.5) 

11)/ 26 ( 38. 5) 

D 
---------------

SI 29 17.2) 
3/ 29 10. 3) 
2/ "27 7. 4) 
9/ 26 34. 6) 

D 
---------------

4/ 29 13. 8) 
6/ 29 20.7) 
4/ 27 14. 8) 

10/ 26 38.5) 

D 

---------------
71 29 24, 1) 
71 29 24. 1) 
5/ 27 18. 5) 

10/ 26 38.5) 



Mos 

4 
5 

12 
1.3 

Mos 

4 
5 

12 
13 

Mos 

4 
5 

12 
13 

TABLE 13 

St,:,c,l (b){4) IgA Ar,tibodies 
Reciprocal Geometric Mean Titers 

Efficacy Patients 

Type I 

A B C 0 

-------------- -------------- -------------- --------------
N GMT N GMT N GMT N GMT ------- ------- ------- -------
22 1. 51 93 1. 92 29 1. 56 29 1. 73 
22 1. 69 91 1, 68 29 1, 45 29 1. 35 
22 2.42 85 1. 77 29 1. '34 27 1. ~1 
20 3. 13 83 1.70 28 l. 89 26 .3. 12 

Type I I 

A 8 C 0 
-------------- -------------- -------------- --------------

N GMT N GMT N GMT N GMT -----·-- ------- ------ -------
22 1. 21 93 1. 69 29 1.76 29 1. 86 
22 1. 54 91 1. 66 29 2.03 29 1. 39 
22 3.01 85 1. 80 29 1. 89 27 1. 20 
20 s. 44 83 1. 79 28 2.73 26 2.59 

Type II I 

A 8 C 0 

-------------- -------------- -------------- --------------
N GMT N Gl'IT N GMT N GMT 

------- ------- -----·-- -------
22 1. 51 93 1. ea 29 1. 64 29 1. 73 
22 1. 74 91 1. as 29 2.13 29 1. 72 
22 3. 21 85 1. 82 29 1. 80 27 1. 4.3 
20 5.63 83 1. 83 28 3.09 26 3.1.:! 

24 



TABLE 14 25 
P ,:, l 1,:1 ~1r-:, t .:.c ,:, l ' 

Serum Neutralizing Ar,t i bodies 
Percer,t with Detectab le Hr,t 1 b,:,dy r it er 

P lar, B 

Type I 

Mos PREMATURE FULL TERM 
--------------- ---------------

a '3/ 13 ( 6'3. 2) -+4/ 53 83. () > 
4 3/ l l ( 27. 3) 32/ 46 6'3. G > 
s 11/ 11 (100.0) 43/ 45 '35. G > 

12 '3/ '3 ( 100.0) 3'3/ 44 88.6) 
13 '3/ '3 ( 100. 0) 42/ 44 ( '3S. S > 

Type II 

Mos PREMATURE FULL TERM 

---·------------ ---------------
2 12/ 13 ( '32. 3) 47/ 53 ( 88.7) 
4 '3/ 11 ( 81. 8) 44/ 46 < '35. 7 > 
5 11/ 11 (100.0) 45/ 45 (100.0) 

12 '3/ '3 < 100. 0) 42/ 44 ( 95.5) 
13 '3/ '3 (100.0) 44/ 44 (100.0) 

Type III 

Mos PREMATURE FULL TERM 
--------------- ---------------

2 10/ 13 ( 76. '3) 41/ 53 77.4) 
4 71 11 ( GJ.6> la/ 46 82.6) 
5 11/ 11 < 100. 0) 43/ 45 '35.6) 

12 9/ 9 < 100. 0) 40/ 44 ( '30. '3) 
13 '3/ '3 (100.0) 44/ 44 ( 100. 0) 

Type Any 

Mos PREMATURE FULL TERM 
------------- ---------------

2 13/ 13 (100.0) S3/ 53 (100.0) 
4 11/ 11 (100.0) 46/ 46 (100.0) 
5 11/ 11 (100.0) 45/ 45 (100.0) 

12 '3/ 9 (100.0) l+c/ 44 ( '35. S> 
13 '3/ 9 ( 100.0) 44/ 44 < 100. 0) 



4 
5 

12 
13 

Mos 

2 
4 
5 

12 
i3 

Mos 

2 
4 
5 

12 
13 

TABLE 15 

Serum Neutralizing Antibodies 
Reciproca l Geometric Mean Titers 

Pl ar, 8 

Type I 

PREMATURE FULL TERM 

N GMT N GMT 

13 '3. 34 53 26. 81 
11 2. 57 46 '3. 97 
11 150.23 45 1'31.4'3 

'3 54. 43 44 63. 55 
'3 2031. 87 44 1938. 78 

Type I I 

PREMATURE Fll.L TERM 
-------------- --------------

N GMT N GMT 

13 37.28 53 45.81 
11 19. 20 46 38.62 
11 438. 51 4S 663.16 

'3 160. 00 " 131. 10 
'1 64:50.80 " 5716.91 

Type III 

PREMATURE Fll.L TERM 

N GMT N GMT 

13 18. 01 53 17.19 
11 9.22 46 19.62 
11 320. 00 4S 720. 19 
9 so. 40 44 118.08 
9 4063.75 44 5453.01 
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TABLE 16 
Polio Protocol 0, 

Mos 

4 
5 

12 
13 

Mos 

2 
4 
s 

12 
13 

2 
4 
s 

12 
13 

Serum Neutralizing Antibodies 
Reciprocal Geometric Mean Titers in International Un its 

Pl ar, 8 

Type I 

PREMATURE FULL TERM 
-------------- --------------

N GMT N GMT 
------- -------

13 o. 11 53 o. 31 
11 0.03 46 0.12 
11 1. 7:5 4S 2.23 
9 0.64 44 0.74 
9 23. 71 44 22. 63 

Type II 

PREMATURE FULL TERM 
------------- ---·-----------

N GMT N GMT 
---·---- ----·---

13 0.21 S3 0.26 
11 o. 11 46 0.22 
11 2. 48 4S 3.7S 
9 0.90 44 0.74 
9 36.4S 44 32.30 

Type II I 

PREMATURE FULL TERM 
------------ --------------

N GMT N GMT 
------·- -------

13 0.18 S3 0.17 
11 O.OCJ 46 0.20 
11 3.20 4S 7.20 

CJ o.so 44 1. 18 
CJ 40.64 44 S4.S3 
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TABLE 17 

Polio Protocol 01 

SERUft NEUTRALIZING ANTIBODIES 

PERCENT WITH DETECTABLE AHTIBODY TITER 

Visit 1 
TYPE ------------------

PLAN F1 14/15 ( 13.J) 
I PLAH F2 15/15 <100.0) 

PLAN F1 
II PLAN F2 

PLAN F1 
III PLAN F2 

PLAN Fl 
AHY PLAN F2 

1.\/15 < 13. l> 
15/lS <100. O> 

14/15 < 13. J) 
14/15 C '33. 3) 

14/15 < '33. l> 
15/15 <100.0> 

GEO~ETRIC l'IEAN TITERS 

Visit 1 

H 
T'fPE 

PLAN Fl 
I PLAN F2 

PLAN Fl 
II PLAN F2 

PLAN Fl 
III PLAN F2 

15 
15 

1S 
15 

15 
15 

172.90 
335.13 

250.23 
531.99 

143.72 
345.80 

Visit 2 

14/15 < 13. 3) 
15/15 (100.0) 

15/15 <100.0> 
15/15 <100.0) 

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

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

N 

15 
15 

15 
13 

15 
15 

Visit 2 

7760.48 
17828.90 

13511.81 
14150.80 

GEO"ETRIC ftEAN TITERS IM INTERNATIONAL UNITS 

TYPE 
PLAN Fl 

I PLAN F2 

PLAN Fl 
II PLAN F2 

PLAH Fl 
Ill PLAN F2 

Visit 1 

------~-----------
N 

15 
15 

15 
15 

15 
15 

2.02 
3.91 

1.41 
3.01 

1.44 
3.46 

Visit 2 

------------------
H 

15 
15 

15 
15 

15 
15 

G"T 

56.21 
46.72 

43.85 
100.73 

135.12 
141. 51 

Visit 3 

--~---------------
15/15 < 100. 0) 
15/15 < 100. 0) 

15/15 < 100. 0) 
15/15 < 100. 0) 

15/15 < 100. 0) 
15/15 (100. 0) 

15115 < 100. 0 > 
15/15 (100. 0) 

Visit 3 

N 

15 
15 

15 
15 

lS 
15 

H 

15 
15 

15 
15 

GflT 

12311.00 
17&2&.88 

17828.90 
1'3555.19 

Visit 3 

Gl'IT 

61.60 
100.73 

178.21 
1'35.SS 
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TABLE 18 29 

Polio P~otocol 01 

HASOPHARYHGEAL SEC~ETIONS NEUTRALIZING ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

Visit 1 Visit 2 Visit 3 
TYPE ------------------ ------------------ ------------------PLAN Fl 0/15 ( 0.0) 11/15 73.J) 8/15 < 53. J) 

I PLAN F2 4/15 < 26. 7> '3/15 60.0) 10/15 < 66. 7) 

PLAN Fl 2/15 ( 13.3) 12/15 80.0) 10/15 < 66. 7) 
II PLAN F2 1/15 ( 6. 7) 12/15 80.0) 10/15 < 66. 7) 

PLAN Fl 4/15 < 26. 7> 13/15 ( 86. ?> 14/15 < 93. 3) 
III PLAN F2 6/15 < 40.0) 12/15 < 80.0) 11/15 < 73. 3) 

PLAN Fl S/15 33. 3) 14/15 < 93.J) 14/15 ( 93. 3) 
ANY PLAN F2 8/15 SJ.J> 14/15 < 'U.J> 14/15 ( '33. 3) 

GEO,.ETRIC l'IEAN TITERS 

Visit 1 Visit 2 Visit 3 

------------------ ------------------ ------------------H G"T H GPIT M G"T 
TYPE -------- -------- --------

PLAN Fl 15 o.oo 15 ,.as 15 6.65 
I PLAN F2 15 1.45 15 J.17 15 s. n 

PLAN Fl 15 1.45 15 7.29 15 9,62 
II PLAN F2 1S 1.15 15 9. 1 '3 15 7.U 

PLAN Fl 15 1.74 1S 12.70 15 20.16 
III PLAN F2 15 2.19 15 10.5, 15 11.58 

GEO,.ETRIC l'IEAN TITERS IM INTERNATIONAL UNITS 

Visit 1 Visit 2 Visit 3 

----~-~~---------- ------------------ ------------------
H G"T H G"T H Gl'IT 

TYPE ---- -------- -------- --------
PLAN Fl 15 o.oo 15 0.01 15 0.08 

I PLAN F2 15 0.02 15 0.04 15 0.07 

PLAN Fl 15 0.01 15 0.04 15 0.05 
II PLAN F2 15 0.01 15 o.os 15 0,04 

PLAN Fl 15 0.02 15 0.13 15 0.20 
III PLAN F2 15 0.02 15 o.u 15 o. 12 



TABLE 19 30 
Polio Protocol 01 

STOOL SPECIMENS NEUTRALIZING ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

Visit 1 Visit 2 Visit 3 
TYPE ------------------ ------------------ ------------------PLAN Fl 0/15 ( 0.0) 3/15 < 20.0) 1/15 ( 6. 7) 

I l=•LAH F2 2/15 ( 13.3) 2/14 ( 14. 3) 2/1:'i ( 13.3) 

PLAH Fl 0/15 ( 0.0) 2/15 ( 13. 3) 1/15 ( 6. 7) 
II PLAH F2 2/15 ( 13.3) 2/14 ( 14.3) 7/15 ( 46. 7) 

PLAN Fl 0/15 ( 0.0) 3/15 < 20.0) 5/lS ( 33.J) 
III PLAN F2 1/15 ( 6. 7) 7/14 < 50.0) 7/15 ( 46. 7 l 

PLAN Fl 0/15 ( 0.0) 6/15 < 40.0) 5/15 < 33. 3 > 
ANY PLAN F2 3/15 ( 20.0) 8/15 < 53.3) 8/15 < 53.3) 

GEOfllETRIC l'IEAH TITERS 

Visit 1 Visit 2 Visit l 

------------------ ------------------ ------------------
M Gfl!T N GfllT M GfllT 

TYPE -------- -------- --------
PLAN Fl 15 o.oo 15 1.32 15 1.20 

I PLAN F2 15 1.26 14 1.2a lS 1.45 

PLAN Fl 15 o.oo 15 1.32 15 1.32 
II PLAN F2 15 1.32 14 1.49 15 3.48 

PLAN Fl 15 o.oo 15 1.59 15 2.1'3 
III PLAN F2 15 1.15 14 2.'37 15 3.48 

GEO,..ETRIC fllEAN TITERS IM INTERNATIONAL UNITS 

Visit 1 Visit 2 Visit 3 

------------------ ------------------ ------------------
M GftT " GftT M Gl'IT 

TYPE -------- -------- --------
PLAN Fl 15 o.oo 15 0.02 15 0.01 

I PLAN F2 15 0.01 14 0.01 15 0.02 

PLAN Fl 15 o.oo 1S 0.01 15 0.01 
II PLAM F2 15 0.01 14 0.01 lS 0.02 

PLAN Fl 15 o.oo LS 0.02 15 0.02 
III PLAN F2 15 0.01 14 0.03 15 0.03 



TABLE 20 31 

Polio P~oto~ol 01 

MASOPHARYNGEAL SECRETIONS (6} ~ IgA ANTIBODIES 

PERCENT WITH DETECTABLE ANTIBODY TITER 

Visit 1 Visit 2 Vhit J 
TYPE ------------------ ------------------ ------------------

PLAH Fl 8/14 ( 57.1) 11/lS ( 73.J) 10/lS < 66. 7) 
I PLAN F2 10/15 ( 66. 7> 10/lS ( 66. 7) 12/lS < 80.0) 

PLAH Fl 10/14 ( 71.4) 10/lS ( 66. 7) 10/lS ( 66. 7) 
II PLAH F2 10/lS ( 66. 7> 10/15 ( ,,. 7) 1J/1S ( 86. 7) 

PLAH Fl 10/14 ( 71.4) 12/15 c ao.o, 11/15 73.J> 
III PLAH F2 11/15 ( 73. J) 10/15 ( ,,. 7) 14/15 n.J> 

PLAN Fl 10/15 ( 66. 7) 12/15 < ao.o> 11/15 ( 73.J) 
ANY PLAN F2 11/15 ( 73.J) 10/15 < 66.7) 14/15 ( 93. 3) 

GE0ft£TRIC "£AN TITERS 

Visit 1 Visit 2 Visit 3 
------------------ ------------------ ------------------

N GftT N OIIT N G"T 
TYPE -------- ------- --------

Pl.AN Fl 14 8.41 15 a.11 15 13.93 
I Pl.AH F2 15 12.13 15 6.96 15 10.56 

PLAN Fl 14 1.21 15 1.7? 15 12. 70 
II Pl.AN F2 15 8.00 15 1.2, 15 14.59 

Pl.AN Fl 14 13.79 1S 13.30 15 19.25 
III Pl.AN F2 15 10.5, 15 10.oa 15 20.16 



TABLE 21 32 

Polio P·rotocol 01 

STOOL SPECil'IEHS (6J (~) IgA ANTIBODIES 

PERCEHT WITH DETECTABLE ANTIBODY TITER 

Visit 1 Visit 2 Visit 3 
TYPE ------------------ ------------------ ------------------PLAN Fl 3/15 ( 20.0) 2/15 < 13. 3) 5/15 < 33.3) 
I PLAH F2 3/15 ( 20.0) 1/15 ( 6. 7> 3/15 < 20. 0) 

PLAN Fl 3/15 ( 20.0) 4/15 ( 26. 7> 6/ 15 < 40. 0) 
It PL.AN F2 4/15 ( 26. 7> 6/15 ( 40.0) S/15 < 33.3 ) 

PL.AN Fl 3/15 < 20.0) 5115 33. 3) 6/15 40.0) 
III PLAN F2 3/15 < 20.0) 5/15 33. 3) 4/15 26. 7) 

PLAN Fl 3/15 < 20.0) 5/15 < 33.3) 7115 < 46. 7 > 
ANY PLAN F2 4/15 < 26. 7> 8/15 < 53. 3) 6/15 < 40.0) 

GEOftETRIC l'IEAN TITERS 

Visit 1 Visit 2 Visit 3 

------------------ ------------------ ------------------
H G"T N G"T N G"T 

TYPE -------- -------- --------
PLAN Fl 15 1.82 15 1.32 15 2.1, 

I PLAN F2 lS 1.82 15 1.1s 15 1. 53 

PLAN Fl 15 1.66 15 1.12 15 2.52 
II PLAN F2 lS 1.~1 15 2.30 1S 2.13 

PLAN F1 1S 1.82 1S 2.19 1S 2.52 
III PL.AN F2 lS 1.59 lS 2.19 15 2.00 



TABLE 22 

Polio P~otocol 01 

SERU" MEUTRALIZIMG ANTIBODIES 
PATIENTS HAD COHTACT WITH OPV 

PERCEHT WITH DETECTABLE ANTIBODY TITER 

Visit 1 
TYPE ------------------Pl An Fl 11 1 <100.0> 

I Pl•n F2 51 5 <100.0> 

:•ian Fl 
II Pl•n F2 

Phn F1 
III Phn F2 

Pl•n Fl 
AMY Pl.in F2 

71 7 (100.0) 
SI S < 100. O> 

71 1 (100.0) 
SIS <100.0> 

71 7 < 100. 0) 
SI S < 100. O> 

GEO"ETRIC ~EAH TITERS 

Visit 1 

TYPE 
Phn Fl 

I Phn F2 

Phn Fl 
II Phn F2 

Phn Fl 
III Phn F2 

H GPIT 

7 
s 
7 
5 

1 s 

215.34 
422.24 

430.69 
211.12 

118.81 
557.15 

Visit 2 
------------------11 1 (100.0) 

SIS (100.0) 

71 7 < 100. 0) 
SIS <100.0) 

71 1 (100.0) 
5/ S (100.0) 

71 1 (100.0) 
SIS (100.0) 

Visit 2 
------------------N GPIT --------

7 8400.23 
5 2940.67 

1 6191.02 
5 8914.46 

1 10240.02 
5 11121.,2 

GEOPIETRIC "EAH TITERS IN INTERNATIONAL UNITS 

Visit 1 Visit 2 
------------------ ------------------H GPIT N OPIT 

TYPE -------- --------Pl•n Fl 7 2.s1 1 '6.03 
I Phn F2 s 4.93 s 34.32 

Phn Fl 7 2.43 7 38.93 
II Phn F2 5 1.19 s 50.37 

Phn Fl 1 1.19 1 102.40 
III Phn F2 5 5.57 s 178.29 

33 

Visit J 
------------------1/ 1 < 100. 0) 

SIS (100.0) 

71 7 (100.0) 
SIS (100.0) 

71 7 (100.0) 
SIS (100.0) 

71 7 <100. 0) 
5/ 5 <100.0) 

Visit J 
------------------N GPIT 

--------7 7608.JO 
5 5881.34 

7 12482.72 s 8914.44 

7 16800.SO s 23525.40 

Visit 3 
------------------N GPIT --------

7 88.79 s 68.64 

1 70.SJ 
s 50.37 

1 168.00 
5 235.25 



Pollo Protocol 0 
TABLE 23 

SERUM NEUTRALIZING ANTIBODIES 
PATIEHTS DID HOT HAVE COHTACT WITH OPV 

PERCENT WITH DETECTABLE ANTIBODY TITER 

Visit 1 
TYPE ------------------Plan Fl 11 a < 81.5) 
I Plan F2 10/10 <100.0) 

Visit 2 
------------------11 8 < 81.5) 

10/10 <100.0) 

Plan Fl 7/ 8 < 81.5) 
II 1.:.t.1, F2 10/10 (100.0) 

8/ 8 (100.0) 
10/10 (100.0) 

Phn Fl 11 8 < 81.5) 
III Pl•n F2 '3/10 < '30.0) 

8/ 8 <100.0) 
10/10 (100.0) 

Plan Fl 11 8 < 81.5) 
AHY Pl•n F2 10/10 (100.0) 

8/ 8 (100.0) 
10/10 (100.0) 

GEO"ETRIC PIEAN TITERS 
Visit 1 Visit 2 

------------------ ------------------M GPIT N GPIT 
TYPE -------- --------

Pl•n Fl 8 142.68 
I Plan F2 10 2'38.51 

8 2960.63 
10 4671.71 

Plan F1 8 155.60 
u Pl•n F2 10 844.49 

a 8610.19 
10 2S213.&7 

Plan Fl 8 16'3.68 
III Plan F2 10 212.43 

a 17221.64 
10 12606.92 

GEO"ETRIC PIEAH TITERS IN INTERNATIONAL UNITS 

Visit 1 Visit 2 
------------------ ------------------N Gl'IT N G"T 

TYPE -------- --------
Plan Fl a 1.67 a 34.SS 

I Plan F2 10 3.48 10 54.52 

Pl•n Fl a o.8a 8 48.65 
II Plan F2 10 4.77 10 142.46 

Plan Fl a 1.70 a 172.22 
III Plan F2 10 2.72 10 126.07 

34 

Visit J 
------------------8/ 8 < 100. 0) 

10/10 (100.0) 

8/ 8 (100.0) 
10/10 (100.0 ) 

8/ 8 (100.0) 
10/10 < 100 . 0) 

8/ 8 (100. 0) 
10/10 (100.0) 

Visit 3 
------------------H GPIT --------8 3311.'H 

10 5487.48 

8 12177.50 
10 25213.84 

a 18780.27 
10 17828.'30 

Visit 3 
------------------N GMT --------

8 38.74 
10 64. 04 

8 68.80 
10 142. 46 

a 187. 80 
10 178.2'3 
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SEROLOGIC RESPONSE TO ORAL POLIO VACCINE AND 
ENHANCED-POTENCY INACTIVATED POLIO VACCINES 

A. MARSHALL McBEAN.' MARY LOU T HOMS,' PAUL ALBRECHT,2 
JUDITH C. CUTHIE,' ROGER BERNIER,3 AND 

THE FIELD STAFF AND COORDrNATING COMMITTEE' 

McBean, A. M. (The Johns Hopkins U. School of Hygiene and Public Health, 
Baltimore, MD 21205), M. L. Thoms, P. Albrecht, J. C. Cuthie, R. Bernier, and the 
Field Staff and Coordinating Committee. The serologic response to oral polio 
vaccine and enhanced-potency inactivated polio vacc ines. Am J Epidemlol 
1988;128:615-28. 

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 
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• 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 

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

Public Healt h. Coordinating committee: Dr. Venita 
Allen of the Baltimore City Health Department, Eliz­
abeth J . Boone of the Office of Biologics Resea.rch 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 J ohns Hopkins 
University School of Hygiene and Public Healt h, Drs. 
Lindsey K. Grossman and John M. Neffof tbe Francis 
Scott Key Medical Cent.er, 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-
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616 McBEAN ET AL. 

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 Disea$e 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 ha$ 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 

ment, and Dr. Ruth L. Steennan of the Prince 
George's County Hospital. 

Reprint requests to Dr. A. Marshall McBean, De­
partment of International Health, The Johns Hopkins 
University School of Hygiene and Public Health, 615 
North Wolfe Street, Baltimore, MD 21205. 
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Control Contract 210-80-0512 and by Connaught Lab­
oratories Ltd., with the cooperation of the nursing and 
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ment, Baltimore County Health Department, Francis 
Scott Key Medical Center, and Prince George's 
County Health Department. 

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 W ezel 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 rnicrocarrier 
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 result$ of a study that compares 
the serologic response iri healthy Americap 
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 polio 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. 

Vaccine1/ 

Commercially licensed oral polio vaccine 
manufactured by Lederle Laboratories, Inc. 
(Wayne, NJ) was used. It contained 
800,000 TCID5-0 (tissue culture infectious 
dose, 50 per cent infectivity) of type 1, 
100,000 TCID50 of type 2, and 500,000 
TCID50 of type 3 per 0.5 cm3 dose. The 
enhanced-potency inactivated polio vac­
cines were manufactured by the Inst itut 
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 

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 cm3 dose. 

Blcod specimens 

With Microtainer (Becton-Dickinson, 
Rutherford, NJ) capillary tubes, approxi­
mately 2 cm3 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
t ion 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 ln­
stituut was tested with the experimental 
sera. This reference was standardized 
against the World Health Organization In­
ternat ional 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. 

R ESULTS 

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. 

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 t han 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 seroposit ivity 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-



SEROLOGIC RESPONSE TO POLIO VACCL'IBS 619 

TABLE 1 

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

Typel Type2 Type3 
Age (months) at visit and Mean age %with % with %with vaccine group• (months) No. of No.of No.of 

children detectable children detectable children detectable 
antibodies antibodies antibodies 

Two (prevaccination) 
IPV-A 2.2 331 90.9 338 96.5 318 78.3 ] OPV 2.2 337 89.6 343 94.2] 323 78.0J 
IPV-B 2.2 332 93.4 351 98.9 317 89.6 

Four 
IPV-A 4.6 309 93.Sr 311 96.1 ] 306 85.3 ] OPV 4.7 289 86.5 303 97.7] 295 85.4 
IPV-8 4.7 312 93.9 324 100.0 311 93.6] 

Six 
IPV-A 7.0 297 

99.E 298 99.0 296 99.0 
OPV 7.0 269 92.2 273 99.6 273 96.0J 
IPV-B 7.1 313 99.0 319 100.0 319 99.7 

18 
IPV-A 20.2 225 98.7j 229 99.6 228 97.8 
OPV 19.8 187 88.8 189 100.0 189 97.4 
IPV-B 20.2 245 97.6 247 99.6 247 98.4 

20 
IPV-A 22.9 219 99.1 219 100.0 219 100.0 
OPV 22.5 192 96.9] 193 100.0 193 100.0 
IPV-B 22.9 224 100.0 224 100.0 223 100.0 

* 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 e~cept 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 t iter 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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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 
betvveen 54 per cent and 61 per cent . 

I 
Post second dose 

Two and one-half months after receiving 
the second dose of vaccine, 99 per cent of 
the 1enhanced-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 t iters for all 
groups after the second dose of vaccine were 
significantly greater than they were after 
one dose. The enhanced-potency inacti­
vated polio vaccine 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 

I t' t I t ' I 
0 /\ 0 5 C 10 

I I I 
15 ! 20 t I 2 poliovirus after the second dose of vac-

25 
E cine. T he geometric mean t iter for the oral 

MEAN AGE (in months) 

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; E, titer two months post third dose. 
lPV-A, trivalent enhanced-potency inactivated polio 
vaccine produced by the lnstitut Merieux, France; 
OPV, trivalent oral polio vaccine; IPV-B, t rivalent 
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 

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 t iters 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 

Reciproca.lgeornetric mean titers (GMT), in International Units, of antibody to the three types of wild poliouirus 
in children at ages 2, 4, 6, 18, and 20 montM, Maryland, 1980- 1983 

Age (months) at visit and Mean age 
'l'ypel Type 2 T ype3 

vaccine group• (months) No. of GMT No.of GMT :-lo. of GMT children children children 

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 0.84 317 0.20 

Four 
IPV-A 4.6 309 0.28 ]t 311 0.64j 306 0.32j 
OPV 4.7 289 0.39] 303 7.73 295 1.94 
IPV-B 4.7 312 0.17 324 0.60 311 0.20. 

Six 
fPV-A 7.0 297 

2. l?JJ 
298 3.64JJ 296 4.98 

OPV 7.0 269 1.04 273 17.01] 273 4.37 
IPV-8 7.1 313 1.29 319 6.77 319 3.33 

18 
IPV-A 20.2 225 1.37 ] 229 4.43] 228 1.78 
OP V 19.8 187 0.96] 189 9.45] 192 2.67] 
IPV-B 20.2 245 0.61 247 4.21 247 1.35 

20 
IPV-A 22.9 219 

12.96j] 
219 25.44] 219 16.42] 

OPV 22.5 192 2.69 193 19.20] 193 4.41] 
IPV-8 22.9 224 7.98 224 28.14 223 17.75 

• IPV-A, trivalent enhanced-potency inactivated polio vaccine produced by the l nstitut Merieux, France; 
OPV, trivalent oral polio vaccine; IPV-B, tr ivalent enhanced-potency inactivated polio vaccine produced by 
Connaught Laboratories Ltd., Canada. t B rackets indica te 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 t iters 
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 t ime 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 in terval, 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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FIGURE 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 paliovirus 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 lnstitut 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 palio 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 lnstitut 
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 antibodi_es 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 t iters 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 geometric mean titers, in International 
Units, of po/iouirus-neutralizing antibodies in children 

at ages 6 and 18 months for whom both specimens 
were taken, Marykmd, 1980- 1983 

Poliovirus Geometric mean titer 
type and No. of 

p value vaccine children Age six Age 18 
group• months months 

Type! 
IPV-A 215 2.186 1.338 0.0001 
OPV 175 1.068 1.027 0.7701 
IPV-B 236 1.365 0.527 0.0001 

Type2 
lPV-A 215 3.724 4.416 0.1746 
OPV 175 17.744 9.713 0.0001 
IPV-8 236 6.855 4.133 0.0001 

Type3 
IPV-A 215 5.021 1.786 0.0001 
OPV 175 4.612 2.556 0.0001 
IPV-8 236 3.407 1.328 0.0001 

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

· 'lg 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 

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 statist i­
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 faint ing or 



624 McBEAN ET AL. 

TABLE 4 

Frequency of reported local adverse reactions in vaccinated children at the site of inactivated polio 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, 1980-1983 

Baltimore Prince George's County 

OPV OPV 
IPV-A* (IPV IPV-B Total IPV-A (IPV I PV-B Total 

placebo) placebo) 

Number of doses 371 388 352 
Local reaction 

1,111 459 376 482 1,317 

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 2.7 1.8 1.1 1.9 0.2 0.0 0.0 0.1 
Total 12.9 15.4 17.3 15.2 1.5 0.5 1.0 1.1 

In duration 
<2 inches 1.1 1.3 2.8 1.7 0.2 0.0 0.0 0.1 
2-4 inches 0.0 0.0 o.o 0.0 0.2 0.0 0.0 0.1 

Systemic reaction 
33.8 t Temperature :::39 C 38.5 34.5 31.5 34.9 25.7 29.2 31.8 

Sleepier than usual 40.9 36.8 59.9 54.0 5.7 6.6 12.8 8.6 
Fussier than usual 63.6 64.0 69.3 63.7 18.9 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 27.1 7.2 8.2 5.8 5.8 

" 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 vaccin e groups for each geographic area that is significant at p 
<0.01. 

other neurologic 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
t ibody 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 (DTP) 
injection during the first 48 hours after vaccination, by geographic area and vaccine group per 100 children, 

Maryland, 1980- 1983 

Baltimore Prince George's County 

IPV-A• OPV IPV-B Total IPV-A OPV JPV-B Total 

Number of doses 371 388 352 1,111 459 376 482 1,317 
Local reaction at s ite of 

DTP injection 
Erythema 19.2 26.8 23.9 23.4 3.1 3.5 4.3 3.6 

Pain 
Some 23.4 38.4 44.9 t 35.5 4.1 5.6 7.9 5.9 
Much 10.8 10.3 10.5 10.5 0.2 0.0 0.2 0.2 
T otal 34.2 48.7 55.4 46.0 4.3 5.6 8.1 6.0 

Induration 
<2 inches 22.6 22.9 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 

* LPV-A, trivalent enhanced-potency inactivated polio vaccine produced by the lnstitut Metieux, 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 t he vaccine groups for each geographic area that is significant at p 
<0.Ql. 

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 sibliJig sibling did p value poliovirus received not receive 

type OPV OPV 

IPV-A (n= 54)t (n = 165) 
1 10.732 13.778 0.2508 
2 24.296 25.827 0.6826 
3 14.559 17.083 0.4224 

OPV (n - 37) (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 

T he 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 fust 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. 

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 t iters 
(> 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 
react ion 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 "eat ing less" 
than usual, not whether they were anorexic 
or exhibit ing 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 
<ipread of oral polio vaccine from a vacci-

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 t he enhanced­
potency inact ivated 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 inact ivated 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 
Pract ices Advisory Committee recommen­
dation to give three doses of inact ivated 
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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