CHAPTER Vill

MEASUREMENT OF ANTIGENIC POTENCY OF
VACCINE AND STABILITY OF ANTIBODY TITERS

MEASUREMENT OF ANTIGENIC
POTENCY OF VACCINE

A primary objective in obtaining speci-
mens of blood from a segment of the study
populationin eachtestarea was to measure the
antigenic potency of different lots of vaccine,
Study was, therefore, made of antibody titers
in the serum of children before and after vac-
cination in comparison with parallel titrations
of serum from unvaccinated controls. The
data could then be used to seek correlations
between antibody response to lots of vaccine
or to type-specific components of lots, and
the capacity of vaccine to prevent poliomye-
litis. It was hoped, in addition, that differ-
ences in naturally acquired antibody levels in
various sections of the country would be dis-
played, that changes occurring as a result of
natural exposure during the poliomyelitis sea-
son would be detectable, and that a view of
the persistence over the study period of anti-
body response to vaccine could be obtained.

The plan was to obtain samples of blood at
the time of the first vaccination clinic and
two weeks after the third clinic, or seven
weeks after the first specimen, from 2 per-
cent of those who received vaccine or placebo
and, in observed areas, from 2 percent of
the uninoculated controls of the first and
third grades of school. In areas with limited
numbers of participants, a minimum of 100
persons was to be bled. Obviously, speci-
mens were not available from those who re-
fused participation. The third specimens
were obtained from the same persons in Nov-
ember, 1954, approximately five months after
the early post-vaccination second bleeding.

The contingent from whom blood was ob-
tained was not a probability sample, It was

selected with an eye to convenience and ad-
ministrative economy and with a realization
that the randomization required to furnish a
fully representative distribution was imprac-
ticable. It was asked, however, that schools
representing variations in the community's
characteristics be selected, It was also
asked that specimens from vaccinated and
controls be obtained from the same school
groups in observed areas and from children
of the first, second, and third grades of pla-
cebo area schools; a review of the- records
demonstrates that this procedure was regu-
larly followed. The available information
does not, however, permit comparison of
groups within an area on socio-econdmic,
ethnic, or other than basic age and sex distri-
butions.

A limitation to the comparison of serdlogi-
cal responses from one area with those from
another resides in the fact that the serologi-
cal tests for any one area were usually con-
ducted in a single laboratory which received
all of the specimens from the county unit. The
materials from different counties frequently
represented different lots of vaccine as well.
Efforts to establish uniformity of perform-
ance and to measure interlaboratory varia-
tion with control materials and exchanged
sera are discussed in Chapter VII, Variations
inthe procurement and shipping of specimens,
in the frequency with which toxic sera were
encountered, in details of technical methodol-
ogy contribute other limitations to stringent
statistical treatment of the results. The data
were, therefore, not suitable for certain of
the definitive analyses originally planned.

In placebo areas all available data indicate
the close similarity of controls and vacci-
nated groups, andthe similarity applies also to
the groups from which blood specimens were
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obtained (Table 55). In observed areas, dif-
ferent school grades constituted the vacci-
nated and controls but there, tco, bloods
were collected from proportionate numbers of
vaccinated and unvaccinated children in the
same schools. Since the successive speci-
mens of blood for comparison of titers before
and after vaccination were taken from the
same persons each time, the response to vac-
cine could be measured by grouping results
in persons of like serological status original-
ly, with or without relation to other known
characteristics, The size of the collection
was adequate to permit an estimate of anti-
body response for most lots. In placebo areas
the number of paired samples from those re-
ceiving a specified lot of vaccine was essen-
tially the same, as the number receiving the
designated lot of placebo.

X

THE SEROLOGICAL MATER|AL’ USED

In all study areas combined, 40,881 first
bloods were collected, representing 2.2 per-
cent of the total study population of 1,829, 916.
Somewhat fewer, 32,428, second bloods were
taken, Prior to the collection of the third
bloods, the decision was made to take bloods
from children who had given either first or
second specimens with the result that 33,862
third bloods were collected. Table 53 shows
summary counts of bloods drawn, tested, and
subsequently tabulated at VEC for all study
areas combined. ’

There was considerable reduction in the
number of bloods at each stage of processing,
Of the bloods reported to have been collected,

Table 53

PRE- AND POST-~-VACCINATION BLOODS DRAWN, TESTED, AND TABULATED
PLACEBO AND OBSERVED AREAS COMBINED

\

Number Drawn (Per Field Clinic Records) 40,881 32,428 | 33,862
Percent of Total Study Population Bled 2.2 1.8 1.9
Number Received by Laboratories (Per Lab Count) 36,045 28,086 28,863
Percent Received of Number Drawn 88.2 86.6 85.2
Number Tested (Per Laboratory Count)* 33,862 29,1317 28,006
Percent Tested of Number Received 93.9 103.7 97.0
Number Tabulated at VEC** 20,067 20,067 14,783
 Percent Tabulated of Number Tested - 59.3 68.9 52.8
Percent Tabulated of Total Population 1.1 1.1 0.8

* Includes repeat tests.

* Of 29,178 first and/or second blood reports received at VEC, 4,734 were 'unpaired, ' incomplete, or
unsatisfactory; 4,377 were reported toxic in tests to one or more virus types; and 20,067 paired first and
second blood Tesults were tabulated, The exclusion of the 9,111 toxic or unsatisfactory first and second
test results caused further reduction in the number of second and third paired sera.
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88 percent, 87 percent, and 85 percent of
first, second, and third bloods, respectively,
were reported to have been received by the
laboratories. Since several laboratories re-
ceived specimens for storage and later trans-
shipped them elsewhere for testing, losses or
errors in recording might account for some
of the differences between number drawn and
number received by the laboratories. Vir-
tually all second and third bloods received by
the laboratories were tested, and 94 percent
of all first bloods received were tested,

Punch cards were prepared for all reports
receivedat VEC but only paired first and sec-
ond bloods, paired second and third bloods,
and matched first, second, and third bloods
were used in the summary tabulations for
studies of comparative antibody levels which
appear in this chapter. Bloods from children
who received mixed, indeterminate, or odd
lot combinations were excluded. Further, in
order to have uniformity in the character of
data used for analysis, bloods with reported
toxicity in tests to one or more virus types
were excluded.

The extent of these losses could not be pre-
dicted in advance nor is it posgible to ac-

curately gauge their impact on the data, How -~
ever, they were of such magnitude to suggest
that much of the benefit which might be gained
from a random sample could well be vitiated
by irregularities of the nature encountered in
the procurement and utilization of the serolog-
ical results. Summary tabulations with first
and second blood specimens included 20,067
readings, or 1.1 percent of the total study
population; 14,783 readings, 0.8 percent,
were used in the tabulation of results with
paired second and third bloods. First, sec-
ond, and third bloods which were matched
and tested simultaneously were tabulated for
10, 858 children.

ANTIBODY STATUS PRIOR

TO VACCINATION CLINICS

Of 20,067 pairs of sera tested and tabu-
lated from all study areas combined, 52 Fer-
cent, 54 percent, and 56 percent had no de-
monstrable antibodies to poliomyelitis virus
Types I, 0, and I, respectively (Table 54).

The frequency distribution of antibody ti-
ters at different levels is not strikingly 'dif-

Table 54

PRE-VACCINATION ANTIBODY LEVELS BY VIRUS TYPE
PLACEBO AND OBSERVED AREAS COMBINED

Antibody Levels

Pre-vaccination Sera ~ Total | | 20,067 100.0 20,067 100.0 20,067 100.0
<4 10,429 52.0 10,878 54,2 11,242 56.0

4&8 1,088 5.4 1,324 6 1,370 6.8

16 1,565 7.8 1,320 6.6 2,234 11,1

64 2,540 12,7 1,976 9.8 2,485 12.4

256 2,580 12.9 2,261 11.3 1,648 8.2

1024 1,865 8.3 2,308 11.5 1,088 5.4

Number < 4 to all three types = 4,306 or 21.5 percent.
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ferent for the several types. It is of interest,

" in view of the large proportion of negatives,
that the percentage at levels of 4 and 8 com-
bined is quite low, suggesting that persons
who have had earlier infection with poliomye-
litis are more likely to retain substantial lev-
els rather than low levels of antibody. There
is, within these measurements, no assurance
that persons with recorded titers of less than
4 have not declined from hjgh levels to mini-
mal residuals which are not detected by the
methods employed. It may also be that those
with the highest levels have had repeated ex-
periences or, possibly, the most recent ex-
perience. In any event, only about 40 percent
of the children have antibody titers of 16 or
greater to virus of a given type. Demonstra-
ble titers of 64 and 256 are most frequently
present to Type I while Type III titers center
about the 16 and 64 levels.

A reasonable inference from the above
data might be that the three virus types have
been of about equal prevalence in the history
of this group of children. A further infer-
ence might be that in unvaccinated children
the 1954 case incidence would be about the
same for each virus type. However, this did
not prove to be the case. The following fig-
ures, excerpted from Table 8, Chapter I,
show all virus-positive poliomyelitis cases in
unvaccinated control children in observed and
placebo control areas combined.

Of 285 virus-positive poliomyelitis cases
in unvaccinated control children, 155, 54 per-
cent, were Type I, about one-third were Type
III, and only 15 percent were Type H. This
is in keeping with previous epidemiological
experience that while equally prevalent, Type

VIRUS-POSITIVE POLIOMYELITIS CASES

II poliomyelitis virus creates less overt dis-
ease than the other types. It is possible, of
course, that isolation of Type II virus is more
difficult. The frequency of Type IIl cases
was greater than earlier data on the distribu-
tion of that virus would anticipate, but its
wide dissemination is evidenced by the basic
antibody levels. TypeI, however, appears
to have been the most frequently encountered;
it is the type which has been involved in most
epidemics of recent years.

Table 55 presents the proportions of total
tabulated bloods taken before vaccination,
grouped according to the pattern of antibody
exhibited. The data include results for chil-
dren to be vaccinated and for controls from
placebo andobserved areas combined and sep-
arately. No antibody to any of the three
types of virus was detected in 20,7 percent of
the total subsequently vaccinated and in 22,1
percent of the controls; the difference.existed
in both placebo and observed areas. This
proportion is small in comparison with the
absence of antibody to any single type. Nat-
urally acquired antibody to but one type of
virus was present in 35.3 percent of the vac-
cinated and 34.9 percent of the controls; anti-
body to two types was found in 27.9 and 27.4
percent of the two groups, respectively. In-
terestingly, 16.1 and 15.6 percent of the total
specimens in the two groups had antibody to
the three types of poliomyelitis virus; that
pattern was more common than antibody to
any one type or to any one combination of two
types. Type I antibody was the most frequent-
ly presentalone or in combination with others.
The data as a whole demonstrate a remark-
able similarity between the pre-existing anti-
body status of these vaccinated and control
children. The differences noted
between the pre-vaccination and

pre-control series are of small

Type | Type | Type moment which could scarcely

1 I 10 exerta significant influence upon

the subsequent behavior of the

two; they appear to be chance

Control Children 285 155 42 88 variations. For instance, in
Total (Including Controls, . placebo areas, the vaccinated
Vaccinated, and Others)| 433 | 241 | 55 | 137  had initial antibody to one type

W&
Source: Table 8. (Chap. I)

more frequently than the con-
trols, but the latter had antibody
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Table 55

PRE-VACCINATION ANTIBODY STATUS BY VACCINATION STATUS
PLACEBO AREAS, OBSERVED AREAS, AND TOTAL STUDY AREAS

Vaccinated Controls

Pre-vaccination Antibody Status*

All Areas Paired Sera - Total 20, 067 .0 9,161 10, 906

No Antibodies to Any Type - Total 4,306 21,5 1,898 20.7 2,408 22,1
Antibodies to One Type Only - Total 7,040 35,1 3,230 35.3 3,810 34.9
Type I 2,586 12.9 1,160 12,7 1,426 13.1
Type 11 2,276 11.3 1,033 11,3 1,243 11.4
Type 1L 2,178 10.9 1,037 11,3 1,141 10.5
Antibodies to Two Types Only - Total 5,539 27.6 2,554 27.9 2,985 27.4
TypesI & 1O 2,070 10.3 951 10.4 1,119 10.3
Types I & OI 1,804 9.0 809 8.8 995 9.1
Types I1 & I 1,665 8.3 794 8.7 871 8.0
Antibody to All Three Types - Total 3,182 15.9 1,479 16,1 1,703 15.6
9,166 100.0 4,646 100.0 4,520 | 100.0

< A
No Antibodies to Any Type - Total 2,166 23.6 1,061 22,8 1,105 24.4
Antibodies to One Type Only - Total 3,370 36.8 1,737 37.4 1,633 36.1
Type L 1,229 13.4 629 13.5 600 |’ 13.3
Type U 1,110 12.1 563 12.1 547 12,1
Type IOI 1,031 11.2 545 11.7 486 10.8
Antibodies to Two Types Only - Total | 2,443 26.7 1,210 26.0 1,233 27.3
TypesI & I 992 10.8 491 10.6 501 11.1
Types I & T 752 8.2 362 7.8 390 8.6
Types I & III ’ 699 7.6 357 7.7 342 7.6
" Antibodies to All Three Types 1,187 13.0 638 13.7 549 12,1
| 10, 901 100.0 4,515 100,0 6,386 | 100.0
! No Antibodies to Any Type - Total 2, 140 19.6 837 18.5 1,303 20.4
Antibodies to One Type Only - Total 3,670 33.7 1,493 33.1 2,177 34.1
Type I 1,357 12.4 531 11.8 826 12,9
, Type I 1,166 10.7 470 10.4 696 10.9
5 Type III 1,147 | 10.5 492 10.9 655 | 10.3
Antibodies to Two Types Only - Total 3,096 28.4 1,344 29.8 1,752 27.4
TypesI & I 1,078 9.9 460 10.2 618 9.7
i Types I & IT 1, 052 9.7 447 9.9 605 - 9.5
i Types II & I 966 8.9 437 9.7 529 8.3
| Antibodies to All Three Types 1,995 18.3 841 18.6 1,154 18.1
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ANTIGENIC POTENCY OF VACCINE

~ to two types more frequently than the vacci-
nated. The situation was reversed in ob-
served areas.

There is, however, a consistent indication
in this body of accumulated data that antibody
was more commonly present in the specimens
from children in observed areas than in those
tabulated from placebo areas. This is partic-
ularly seen in the proportions of those with
antibody to all three types of virus. This may
be a reflection of the commonly recognized
greater prevalence of infection with poliomye-
litis virus in southern areas.

RESPONSE TO VACCINE

The results of antibody titrations with
paired pre- and two-weeks post-vaccination
sera from 4, 646 vaccinated children in place-
bo areas and 4, 515 vaccinated children in ob-
served control areas have been combined to

demonstrate the composite response to all
lots of vaccine against each of the three virus
types as shown by the distribution of titers
before and after. The percentages shown in
the following table were derived from figures
presented in Tables 59 and 60 and are based
on 9,161 total paired sera from vaccinated
children.

The response to the Type I component was
clearly less than to Type I or II antigen;
about 60 percent of those listed without anti-
body to Type I originally, developed antibody
to that type after vaccination, whereas, about
80 percent of comparable persons responded
to Types II or . Not only were the conver-
sions from antibody-negative to antibody-
positive more frequent with Types II and III,
but the accessions into the higher ranges of
titer were also much greater. This is well
seenin the proportionate increases at the lev-
els of 64 and 256. Even in these data, how-
ever, the suggestion arises that when Type I

PRE- AND POST-VACCINATION TITERS AS PERCENTAGE OF TOTAL PAIRED SERA
VACCINATED CHILDREN
PLACEBO AND OBSERVED AREAS COMBINED

Antibody Level

<4 51.9 20.0
4o0rg 5.5 9.2
16 7.6 13.0
4or8 & 16 13.2 22.2
64 12.1 14,2
256 12.8 15.0
64 & 256 24.9 29,2
64 or > 34.9 57.8
1024 or > 10.0 28.6

53.5 10.9 55.0 9.9
7.2 7.1 7.3 10.0
6 15,0 11.0 18.1

13.6 22,1 18.4 28,1
9.7 19.2 12.1 17.0

11.2 15.8 8.7 14.4

20.9 35.1 ©20.8 31.4

32.9 67.0 26.6 62.0

12.0 31.9 5.9 30.5

9,161 paired sera = 100%

* Thesg proportions include instances of titer drops or rises to the given level as well as those who were at
& the given level in the first serum and remained unchanged.

Source: Tables 59 and 60.
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antigen was stimulative, the resultant titers
were of the same order as those observed
with the other types.

Variation in Response to Lots of Vaccine

At the time of the Summary Report, the
available evidence gave clear indication of

wide variations in antigenic potency of differ-
ent preparations of vaccine and emphasized
that the lots of material under test were not
uniform, The defectiveness of the Typel
component was particularly prominent, From
the accumulated serological tests, an attempt
was made to grade the antigenic potency of a
lot or combination of vaccine lots as a unit

Table 56

CHILDREN REPORTED WITHOUT ANTIBODY TO ANY VIRUS TYPE
IN FIRST SERUM AND WITH ANTIBODY TO ALL THREE TYPES

IN SECOND SERUM,

BY VACCINE LOT

Lot Numbers

Vaccinated
<4 to All 3 Types in 1st Serum |<4 to All 3 Types in 1st Serum

Controls

15 1

187 4 2 196 1 1

304 137 127 93 139 3 2
306 114 80 70 130 1 1
308 55 40 73 52 3 6
503 69 - - 79 - -
505 176 66 38 197- 2 1
512 179 77 43 223 4 2
514 144 66 46 89 1 1
837 295 35 1,303 18 1

303-303-307 28 16 57 69 - -
303-303-303 96 70 73 178 6 3
305-305-307 54 44 81 4 4 5
305-305-305 73 30 41 93 2 2
307-307-307 3 2 - 2 - -
502-502-502 3 - - - - -
502-502-307 86 8 9 147 - -
502-502-309 33 9 27 34 - -
506-506-506 64 11 17 147 3 2
506-506-307 101 39 39 173 2 1
506-506-309 14 12 86 6 - -
507-507-507 161 - - 226 - -
507-507-307 7 6 86 3 - -
507-507-309 37 5 14 45 - -
508-508-508 40 15 38 60 1 2
508-508-307 4 2 50 2 - -
508-508-309 33 26 79 44 - -
All Study Areas - Total 1,898 755 40 2,408 33 - 1
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and also according to the individual types of
virus. Various levels of host sensitivity, al-
ready referred to in this chapter, were con-
sidered.

Examinations of the larger body of data
subsequently accumulated from the laborato-
ries' reports have resulted in few changes of
the basic interpretations reached earlier. The
designated gradings have, however, required
occasional alterations. For example, Lot 512
was not as good in Type I antigen, as limited
early data suggested. Much additional effort
has been given to deriving numerical values
which will reasonably represent the observed
antigenic potency of the lots.

Conversion of Triple Negatives

to Triple Positives

Since the purpose of the vaccine was to
induce antibody to the three types of virus,
the most succinct measure of complete an-
tigenic potency is the capacity of a prepara-
tion to stimulate antibody to all types in
children who had no antibody to any of the
types before vaccination. Moreover, the
number of observations required for such an
estimate is not great. In Table 56, the lots
are listed on this basis. Lot 304 was suc-
cessful in inducing antibody to the three
types of virus in 93 percent of the subjects;

seven lots and lot combinations varied be-
tween 70 and 86 percent. It is seen, however,
that Lots 502, 503, and 507 are completely
deficient on this basis, and five other lots and
lot combinations were less than 30 percent ef-
fective, The total percentage of conversion
in these series from negative to the three
types to positive to the three types was but 40
percent, which is far from satisfactory in
terms of the ultimate objective.

Response in Children Without Antibody
to Any Type Before Vaccination

Further indication of the relative potency
of the Typel, N, and II components of the
vaccine is provided by a study of antibody
change in vaccinated children who, prior to
vaccination, had no demonstrable antibody to
any type of poliomyelitis virus, For this pur-
pose, figures for vaccinated children from
Table 57 were combined with figures from
Table 58; the combined data are shown in the
following table.

Considering a rep'ért of antibody at a level
of 4 or greater to be positive, the total per-
centage response of these presumably immu-
nological virgins is seen to be far from uni-
form even at this level, and the response to
Type I is clearly inferior to those for Types
I and . The right half of the table indi-

SECOND SERUM ANTIBODY LEVELS OF VACCINATED CHILDREN
WHO HAD NO ANTIBODY TO ANY TYPE PRIOR TO VACCINATION
PLACEBO AND OBSERVED AREAS

1,061
837 | 344 41| 570

Titers of 4 or > in 2nd Serum

68 579

Titers of 16 or > in 2nd Serum

541 425 |51

Total 1,898 | 845 45(1,325

7011,421) 75| 502 261,077 |57}1,018 |54

W&

Source: Tables 57 and 58,
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cates, however, that when response was ob-
tained the titers were more likely to reach
Ievels of 16 or greater than to fall in the min-
imal range of 4 and 8. This effect, of itself,
points strongly to the probability that the pri-
mary defect lies in antigenic variability of
the vaccine preparations rather than in the
responsiveness of the host population,

Of 1,898 children without antibody to any
type, only 40 percent developed antibody to
all three types of virus after vaccination
(Table 56). These groups presumably repre-
sent persons at greatest risk immunologically
in whom the complete vaccine effect is most
desirable.

Response According to Original
Antibody Pattern

Tables 57 and 58 present summaries of the
patterns of antibody observed before vaccina-
tion and provide material for estimating their
effects upon the response to vaccination. The
results with control sera collected and tested

in the same manner again furnish a stability
control, If one considers the response of per-
sons with no recognized antibody prior to vac-
cination to be a standard of inexperience, the
difference between the results in that group
and in those with previous experience, as
marked by the presence of antibody to one or
more types, may be taken as the influence of
a previous experience upon antibody response
to heterologous types.

The presence of antibody for Type I virus
at a level of 4 or greater before vaccination
appears to enhance somewhat the percentage
of positives to Types II and 1II after vaccina-
tion, particularly when titers of 16 or greater
are considered. In the presence of pre-vac-
cination antibody to Type II only, 85 percent
of the children whose bloods were studied de-
veloped Type I antibody, compared with 41 to
47 percent becoming Type 1 positives among
those children who had no antibody to any type
prior to vaccination. In the presence of anti-
body to Type Tl before vaccination, 87 to 94
percent became positive to Type Il as opposed

Table 57 :

PRE-VACCINATION ANTIBODY STATUS BY POST-VACCINATION ANTIBODY STATUS,
' BY VIRUS TYPE AND VACCINATION STATUS
- PLACEBO AREAS

Pre-~vaccination
Antibody Status*

Titers of 4 or > fn 2nd Serum

Titers of 16 or > in 2nd Serum

Vaccinated Paired Sera - Total | 4,646 | 100.0 || 3,654] 78,6 | 4,113 | 88.5 | 4,251] 91.5| 3,180( 68.4 | 3,755 | 80,8 | 3,696 | 79.6
No Antibodies to Any Type 1, 061 7. 8 §501] 47.2 755 | 7.2 842 | 79.4 316 | 29.8 628 | 59.2 593 { 55.9
Antibodies to Type I Only 629 13.5 605( 96,2 5471 87.0 537} 85.4 590 ) 93.8 486 | 71.3 399 | 63.4
Antibodies to Type II Only 563 12.1 476 | 84.5 559 99.3 5§31 94.3 3991 70.9 549 ) 97.5 467 | 82,9
Antibodies to Type I Only 545 11.7 314 57.6 453 | 83.1 536 | 98.3 209 | 38.3 385 | 70.6 527 { 96,7
Antibodies to Types I & 11 Only 491 10.6 480 87.8 489 99.6 461] 983.9 4723 96.1 478 | 97.4 403 | 82.1
Antibodies to Types 1 & 10 Only 362 1.8 354| 97.8 326 | 90,1 357 98.6 340 ( 93.9 277 ) 76.5 349 | 96,4
Antibodies to Types I & Il Only 357 7.7 292) 81.8 354 ] 99.2 354 99.2 251 | 70.3 346 | 96,9 350 | 98.0
Antibodies to All Three Types 638 13.7 6321 98.1 630 | 98.7 6331 99.2 603 | 94.5 606 1 95,0 608 | 95.3

Placebo Palred Sera - Total 4,520 | 000§ 2,109 46.7 | 2,013} 44.5 | 1,885 0.8 | 1, 839 40.7 | 1,737 | 38.4 | 1,547 | 34.2
No Antibodies to Any Type 1,105 24,4 64 5.8 62| 5.8 53| 5.3 40| 3.6 42 ( 3.8 44 4,0
Antibodies to Type 1 Only 600 13,3 565 94.2 59 9.8 46 7.7 533 ) 88.8 29 4.8 27 4.5
Antibodles to Type II Only 547 12.1 52 9.5 516 | 94.3 40 1.3 15 2.7 498 | 91,0 27 4.9
Antibodies to Type I Only 486 10.8 35 7.2 39 8.0 456 ) 93.8 22 4,5 21 4.3 420 | 86.4
Antibodies to Types 1 & II Only 501 11.1 472 %4.2 459 | S1.6 561 11.2 421} B4.O 414 ) B2.6 25 5.0
Antibodies to Types I & IlI Only 390 8.6 365 ) 93.6 56 | 14.4 3621 92.8 335 ( 85.9 24 6,2 305 | 78.2
Antibodies to Types II & II Only 342 7.6 45 13.2 317 ) 92.7 317) 92.7 17 5.0 284 | 83.0 262 | 76.6
Antibodies to All Three Types 549 12,1 511( 93.1 505 | 92.0 508 ( 92,7 456 | 83.1 425 Jl'].q 437 | 79.6

* Based on presence of antibody at titer level of 4 ar >,
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to 69-79 percent among those initially without
antibody to any type.

At levels of 16 or greater, the influence of
existing Type II antibody on heterologous re-
sponses is still more marked and far beyond
any range of variation in serological proce-
dure; the positives for Type I are 2.5t0 3.5
times greater than in those with no antecedent
antibody, while those for Type IN are 50 per-
cent greater. Pre-vaccination antibody to
Type IO virus appears to have a moderate
andequal influence upon the heterologous Type
IandIiresponses. Essentially, the same het-
erogenic effect is observed if antibody to two
types is present before vaccination,

The data readily suggest that Type I vi-
rus contains antigenic components related to
Types I and III in sufficient amount to prepare
the antibody mechanism for. increased re-
sponse when exposed to those stimuli, and that
Types I and III have a limited influence upon
_heterologous response as measured by neu-
tralization tests. The question might be

raised whether heterologous antibody might
have a distinct influence in limiting disease
caused by Type II virus because of its broader
antigenic structure.

Comparability in Controls

The variation in titers among the controls
inthese series is of interest in that the great-
est constancy, 94-97 percent, exists in those
without antibody to any type. The variation
between first and second sera of controls is
somewhat greater with each type if antibody to
one type was previously present; when anti-
body to two types was noted in the first sera,
10 to 14 percent of negatives to the third type
were recorded as positive in the second sera,
This increasing variation may indicate either
that marginal amounts of heterologous anti-
body to the third type arise from experiences
with the other two types, or that persons who
by this age have been infected with two types
are more likely to have had some exposure to
the third type also. A decrease in number
recorded as positive - antibody titers of 4 or

Table 58

PRE-VACCINATION ANTIBODY STATUS BY POST-VACCINATION ANTIBODY STATUS
BY VIRUS TYPE AND VACCINATION STATUS
OBSERVED AREAS

Pre-vaccination
Antibody Status*

‘Titers of 4 or > in 2nd Serum
= = =y

Vaccinated Paired Sera - Total | 4,515 | 100,04 3,678 | 81.5 | 4,054 | 89.8 [ 4,000 | 88.6 | 3,310 | 73,3 | 3,758 | 83.2 3,639 | 80.6
No Antibodies to Any Type 837 | 18.5 344 | 41,1 570 | 68,1 579'| 69.2 186 | 22,2 449 | 53.6 425 [ 50.8 .
Antibodies to Type 1 Only 531 | 11.8 530 | 99.8 47 B4.2 406 | 76.5 523 | 98.5 406 | 6.5 313 | 58.9 .,T
Antibodies to Type II Only 470 | 10.4 406 | 86.4 469 [ 99.8 410 | 87,2 368 | 78,3 463 | 88.5 366 | 77.9 :
Antibodies to Type 1l Only 492 | 10.¢ 280 | 56,9 426 | 86,6 489 | 99.4 185 | 37,6 377 | 8.6 474 | 96.3
Antibodies to Types 1 & § 460 | 10.2 458 | 99,6 457 | 99,3 400 | 87.0 | 450 | 9.8 445 | 96,7 364 { 78,1
Antibodies to Types I & I 447 9.9 447 [100,0 410 { 91,7 445 { 98,6 440 | 98,4 368 | 82,3 439 | 98.2
Antibodies to Types I & 10 437 9.7 381 | 87.2 436 | 99.8 434 | 99,3 333 | 78,2 432 | 98.9 429 | 98,2
Antibodles to All Three Types 841 | 18.% 832 | 98.9 839 | 99,8 L 837 | 99.5 825 1 98.1 J 818 { 97.3 829 | 8.6

Control Paired Sera - Total 6,386 |100,0 || 3,295 | 1.6 | 3,148 | 49,3 | 3,060 | 47,9 | 2,980 | 46,7 | 2,729 42.7| 2,649 | 41.5
No Antibodies to Any Type 1;; 20.4 50( 3.8 | 5.4 61 5.1 32 2.5 42 | 3.2 39| 3.0
Antibodles to Type I Only 826 | 12,9 803 ) 97.2 LR 52| 6.3 77 | 93,9 35 | 4.2 28 ( 3.4
Antibodies to Type Ii Only €96 | 10,9 48| 6.9 671 | 96.4 37| 5.3 21§ 3.0 646 [ 92.8 21| 3.0
Antibodies to Type II Only 655 | 10.3 37{ 5.6 56 [ 8.5 641 | 97.9 18] 2.7 25 | 3.8 595 | 90,8
Antibodies to Types I & 1I Ounly 618 | 9.7 803 | 97.6 582 | 94.2 64 | 10.4 550 | 89,0 518 | 83,8 25 | 4.0
Antibodies to Types 1 & I Only 605 2.5 586 | 96.9 82 | 13,6 582 | 96.2 560 | 92.6 321 5.3 521 | 86,1 ‘ i
Antibodies to Types II & INI Only 529 8.3 511 9.6 511 | 96.8 507 | 95.8 24 4.5 481 | 90.9 441 | 83.4 :
Anubo;lflei to All Three Types 1,154 18.1 1,117 | 96.8 | 1,100 | $5.3 | 1,110 | 96.2 999 | B6.6 950 | 82.3 SHM. 8

* Based on presence of antibody at titer level of 4 or >.
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greater-to a given type between first and sec-
ond bleedings is noted consistently to be 6 to
7 percent in placebo area data and 2 to 4 per-
cent in those from observed areas. Hence,
the increasing number of positives in the pre-
viously recorded negative controls is not at-
tributable to a technical variation always
leaningto a higher titer in the second of a pair
of sera.

Response in Relation to
Initial Level of Antibody

Attention can again be directed to the data
of Tables 57 and 58 which show the percent-
age distribution of pre-existing titers and the
comparatively low frequency at levels of 4, 8,
and 16, Moreover, this gap is consistently
present in the initial titers of vaccinated and
control subjects from both placebo and ob-
served areas. The tendency for Type HI ti-
ters to collect at the level of 16 is also con-

sistently present. * The prevalence of re-
corded titers of 64 or greater is highest for
Type I and lowest for Type III. Titers of this
height are more common for each type in sub-
jects from observed areas, again suggesting
their greater experience. N

Additional detail of antibody response is
presented in Tables 59 and 60 for the wac-
cinated and control groups of the placebo and
observed study areas separately. The control
data demonsgtrate the degree of variation en-
countered in the levels of antibody reported
by the laboratories based on pairs of sera
taken seven weeks apart but tested simulta-
neously; theoretically, they should be essen-
tially the same. The titers in the controls
fluctuate rather evenly about the designated
first titer so that approximately 90 percent
remain within the range of one serum dilu-
tion. In the vaccinated, however, the second
titers move selectively into the higher levels.

Table 59

PRE -VACCINATION SERUM ANTIBODY LEVELS
BY POST-VACCINATION LEVELS BY VIRUS TYPE AND VACCINATION STATUS
PLACEBO AREAS

Antibody cebo Children

Levels ﬂﬂ?{ —

by Virus

Type

Typel

<4 2,526| S4(( 939|37(408(16|474(19|381)15(187| 7| 137 § 8 2,480 | 55 2,283(92| 57| 4| 25| 1 24| 1| 32| i| 19| 1 <4
4&8 256 6 20| B[ 47[18| 48(19| 40[ 16/ 55(21 46( 18 30 258 | 6 5B[22(123 (48| 42|16( 21| 8 & 3| 6 2 8
16 312 7 9| 3] 12| 4| s4|17| 78| 25( 59|19 9932 87 312| 7 11| 4| 41|13|171(55| 66|21 14| 4| 9| 8| - 12
64 487| 11 9| 2| 3| 1| 22| 41082212726 228|46 | 144 S07 | 11 23 S| 3| 1 74|15|277|55| 102(20| 28| 6 35
256 519 11 7( 1| 3| 1 7| 1| 30| 6[140|27( 332|64| 256 533 | 12 22( 4| 3| 1 8( 2|107|20( 290(54{103 |19 100
1024 536 12 Bl 1 1 | 8| 1| 10| 2| 25| 5| 484|90| 391 430 | 10 14| 3| 3| 1| 5| 1| 17( 4 75|17|316|73 277
Total 4,646|100| 99221474 10| 613|13|648| 14593 {13 |1,326| 29 31 4,520 100|| 2,411 |53|270 | 6|325| 7[512|11| 521(12[481 {11 9

Type 11 )y

<4 2,597 S6( 516 (20|305|12|588|23|662|25(336 |13 | 180| 7 15 2,581 | 57| 2,367|92| 98| 4| 34| 1| 23| 1| 26( L| 33| 1 <4
4¢&8 320 7 8( 3| 37|12] 51|16] 94(29( 6320 67(21 4 7 265 | 6 73128135 (51| 34|13{ 10{ 4l 6| 2 7|3 5
16 280 6 2(1 7] 2 42|15| 59| 21| 84|30 86|31 86 I 286 | 6 13| 5| 37|13|162]57| 53|19 16| 6| 5] 2 11
64 432 9 3| 1| 4] 1| 16| 4| 7018|112 (26| 227|53 | 180 3B 8 12) 3| 4| 1| 34| of232[6s| 72|20| 14] 4 37
256 435 9 3| 1| 3| 1| 6 1] 20 5| B9f20| 314|72| 298 462 | 10 17| 4 - -| 9| 2| 75|16| 274 (58| 87|19 108
1024 582| 13 1| %[ 2|« 81 8| 1| 26| 4| 53993 | 432 558 [ 12 25| 4| 2|+ 5[ 1) 14| 3| 75(13)|437|78 293
Total 4,646 |100|( 533 [11(358 | B|709(15|913 (20 (71015 (1,423 |31 46 4,520 |100) 2,507 |55 (276 | 6(278| 6407 9|469(10|583 |18 9

Type OI

<4 2,744 | 59 37314509 (19800 (29 (65124 |258| 9| 153| 6 13 2,753 | 61} 2,552 (93 78| 3 49 2| 41| | 2| 1| 12| <4
4&8 312) 7| 10| 3| 23| 7 48({15( S1|16| 78|25( 102|33 I 02| 7 6120|154 |51| 66|22| 14| 5| 4|1 3|1 5
16 465| 10 4 1| 12| 3[ 47|10 41| 9(105 |23 25655 | 162 442 | 10 21| S| St (12|268|61( 72(18| 21| 5| 9f 2 11
84 480| 11 6|1 9] 2| 16( 3| 48( 9100 (20| 313|864 | 222 472 10 23| 5| 10( 2( 84|18(263(56| 6B(14] 24 5 29
256 350 8 2(1 1| *| 5| 1| 15| 4| 14|21 253 (72 | 308 s | v 83| 4|1 10f 3| 77(24(169 |53 48 |15 89
1024 285( 6 - - 1| | 5[2]| 6[ 2| 17|6| 256/90| 406 235 | 5 10 4] 1| %[ 4| 2| 12| 5[ 42|18(166 |71 250
Total 4,646 (100 | 395 | 9555 (12 (921 |20|810|17 (632 [14 |1,338 (29 40 4,520 |100f| 2,675 |59 298 | 7(481|11|479)11|325 7(262 | & 8

* Less than 1 percent.

** Geometric mean of titers in which chZ <4 was taken as 1, 0000 and Logz 4 & 8 was taken as 1 Log2 above <4 and 1 LogZ below 16.
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That effect is well seen in the total distribu-
tion of antibody levels to each type of virus
and in each initial antibody group; the in-
creasednumber withtiters of 1024 or greater,
even among the TypelI vaccinated, is quite
marked. In these data the influence of pre-
existing antibody on response to vaccine is
readily observed by comparison of the result-
ant titers in those with pre-vaccination levels
of less than 4, 4 or 8, and 16. Of those with
less than 4 initially to Type HI in placebo
areas, 9 percent and 6 percent reached 256
and 1024 or greater levels, respectively; of
those initially with 4 or 8 titers, it was 25
percent and 33 percent; with initial titers of
16, it was 23 and 55 percent. Although the
efficiency of Type I as a primary stimulus
was less, its effect upon persons with anti-
body tobegin with was not much different from
antigens of the other types. But with no type
did the presence of antibody at low levels re-
sult in uniform exaltation of titers into the
highest ranges after vaccination, The geo-

metric mean titers summarize the influence
of vaccine upon the responses of those with or
without pre-existing antibody. The median
values presented on the following page again
show the superior effect of Type II stimulus
in persons without pre-vaccination antibody.
The median titers in the second sera of vac-
cinated subjects are strikingly higher for
each type and for each pre-vaccination level
than those of the controls.

Response in Children With
No Antibody to a Given Type

Study of the actual antibody levels attained
after vaccination by children who had no de-
monstrable antibody to a specific type prior
to vaccination gives further information of the
relative antigenicity of the type-specific com-
ponents of the vaccines. Included in the 8,161
total paired sera from vaccinated children in
placebo and observed areas combined, 4,757

Table 60

PRE-VACCINATION SERUM ANTIBODY LEVELS
BY POST-VACCINATION LEVELS BY VIRUS TYPE AND VACCINATION STATUS
OBSERVED AREAS

Antibody Vaccinated Children Control Children
Levels Zud Serint Bernm LIEra::
by Virus o
Type
Type I
<4 2,231| 49|l 828(37| 334| 15( 472|21|365|16 (175( 8 57| 3 7 3,192| S0 (|3, 008| 94| sx{ 3¢ 39( 1{ 24{ 1i 19( 1{ 13| * <4
4&8 252| 8 5| 2[ 24| 10| 49|19( 59|23 66|28 49119 47 322| 5 57|18(166| 52| 66(20| 16| 5| 6| 2| 113 [
16 85| ¢ 2( 1f 8) 2| 44|11 96|25|116 (30| 119 31. 92 556 9 10{ 2| 47 8|336(60(130(23| 22| 4| 11| 2 12
64 613) 14 2|+ -l -| 11| 2/104|17]199]32] 297(48| 186 923| 14 g1 9| 1]112]12(587|64[171|19| 35| 4 37
256 652 14 - - 10 *[ 3| *| 28| 4|181|28| 439(67| 301 876| 14 51 2| *| 6| 1|166(18(555(63|142|16 117
1024 382 8 BRI i+ 3 \\ 44 112] 333)87) 417 S17) 8 4] 1 1 -] 3] %) 12| 2)152)29)346|67 209
Total 4,515|100) 837|19| 368 8| 580(13|655 |15 {781 (17(1,284| 29 38 6,386 100 ||3,091|48|315( 5|562| 9)|935[15(925(14(558| 9 10
Type I .
<4 2,302| 511 451|20( 254 11563 (24| 630 |27 312 [14 92( 4 14 3,398| 53 (|3,111/92)152 4| 39| 1| 42| 1] 35| 1} 19( 1 <4
4&8 M3 & 4( 1| so| 9| e5(18| B4 |24 |110 (32 50( 15 46 396| 6 101 26| 217|54 | 54 |14] 12( 3| 8| 2| 4{1 4
16 307 7 1« 9| 3| 23 7( 6621 75 (24 133|43| 126 47 17 9| 2| 44/10(257|57|108 24| 14| 3 15| 3 13
64 457| 10 2) % 2 % 12) 3| S1(11(116(25( 274)60| 226 718 11 9|1 3| *| 62(11]440|61(159|22| 26| 4 39
256 588) 13 31 -l -] | *) 13| 2)103 |18 468|80| 365 776| 12 511 2] +| 8| 1]130(17(487|63|144 (19 123
1024 518 | 11 -l -] 1| % 1| *| 6| 1[25]| 5| 485|94| 456 650| 10 3 * 1] *| 1] *| 10| 2(126[19|509 |78 361
Total |[4,515100] 461 (10| 296! 7{665(15 850 {19 {741 {16{1,502]33 54 6,366 100 113,238 1511418] 7(441] 7)742]12]828 )13 M7 |11 10
Type M
<4 2,293 | 51( 502 (22 324| 1464528 (533 |23 [201{ & 88} 4 11 3,452) 54 113,2301941109) 3| 541 2) 31 1] 13) *) 15} « <4
. 4&8 61| 8 5) 1] 28| 8| 53|15 68 (19 ) 85 |24 121]|34 ki 95| 6 88(17(217(55( 75|19 16| 4 10| 3| 9 2 5
' 16 547 12 511 S| 1| 28| 5( 74|14 |136 [25| 299/65| 183 780| 12 14 2| 71) 9|499 |64 (156 (20| 23| 3| 17| 2 n
64 615| 14 3| . 1| *| 8 1| 59(10[146 |24 398|65| 258 908] 14 10 1| 14| 2116 (13 |585(64 (144 |16/ 38| 4 35
ZSBJ 448 | 10 =1 -t =| -] 1f %[ 13] 3|103 (23| 331|74| 340 534| 8 4|1 -~ - 10] 2122 |23 (322 (60 76 |14 105
8 \024' 2%1) 8 S1 -] 2] 1] 2] 1] 3] 1]1B| 7| 226|90| 417 317| 5 -l - -] - 1] *| 18| 6| 74 |23|224 |72 312

Total 4,51ﬂ100 $15(11|361| 873716 |750 |17 |689 |15 |1,463 |32

6,385]100 3,326 [52 [411] 6755 |12 |828 |15 (586 | 9380 | 6 8

* Less than 1 percent.

** Geometric mean of titers in which Log2<4 wag taken as 1.0000 and l..og2 4 & 8 was taken as 1 Log2 above <4 and 1 Logz below 16,
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MEDIAN TITERS IN SECOND SERA BY FIRST SERUM ANTIBODY LEVELS
BY VACCINATION STATUS
PLACEBO AND OBSERVED AREAS

First Serum
Antibody Levels

- ___ ). _____

<4 28 53 28
4&38 87 7 101 7 271 7
16 170 23 270 23 563 22
64 464 89 540 90 628 80
256 629 310 672 322 672 271
1024 745 687 748 712 739 677

27 49 29
4&8 114 7 117 - 7 254 ' 7
16 272 24 410 24 560 23
64 496 87 599 91 630 84
256 644 309 704 322 677 287
1024 730 644 751 699 740 662

Computed from data presented in Tables 59 and 60; second serum titers of <4 were excluded from the distributions

before computations were made,

(52 percent), 4,899 (53 percent), and 5,037
(55 percent), had no antibody to Type I, II or
oI, respectively, Post-vaccination antibody
levels for those children are shown on page
163,

The quantitative effect of vaccination upon
antibody titers is clearly seen in addition to
the reduction in antibody-negatives in that the
levels attained by those who did respond are
well distributed and reach the greatest con-

centration at substantial titers of 16 and 64.
A greater proportion of high antibody levels
is achieved in those who responded to Type II
antigenthaninresponders to antigens of Types
Iand I whose effects were consistently of the
same order when the production of antibody
occurred. It is of interest to speculate wheth-
er the highest titers may represent persons
with previous antibody which was below the
level recognized by the serological procedure
employed.
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POST-VACCINATION ANTIBODY LEVELS FOR VACCINATED CHILDREN
WITHOUT ANTIBODY TO SPECIFIC TYPE PRIOR TO VACCINATION BY TYPE

PLACEBO AND OBSERVED AREAS COMBINED

Poliomyelitis | Pre-vaccination Post-vaccination Antibody Levels
Sera <4
Type I
Number 4,757 1,767 742 946 746 362 | 194
Percent 100.0 37.1| 15.6 19.9 15.7 7.6 4.1
Type II
Number 4,899 967 559 |1,151 | 1,292 648 | 282
Percent 100.0 19,7 11.4 23.5 26.4 {13.2 { 5.8
Type IOI
Number 5,037 875 833 1,445 | 1,184 459 | 241
Percent 100.0 17.4 | 16.5 28.7 23.5 9.1 | 4.8
L L |- L

Source: Tables 59 and 60.

Relative Antigenic Effect of
Different Vaccine Lots

It has been repeatedly emphasized that with
a given preparation one antigenic component
could be of poor potency while others retained
a good antigenic efficiency. The type-specific
effect was then estimated for each of the
lots and combinations with corrections for the
degree of intrinsic change in reported titers
as reflected in the controls for the same lots,
whether related to natural or technical irreg-
ularities. These relative antibody responses
to the preparations employed in subjects who
were without antibody to a given type before
vaccination are listed in Tables 61 and 62.
Since the results comprise those from sub-
jects with no antibody to any type and those
with antibody before vaccination to one or two
types other than that under consideration, the
degree of responsetoa given antigen recorded
here is presumably enhanced, as earlier in-

dicated, by the influence of previous experi-
ence with virus of another type.

It is seen that the response to Type I is the
lowest in all but one instance and that those
lots noted in Table 56 to be least effective as
complete antigenic stimuli are also the least
effective against Type I.

The difference in potency of antigens with-
in a lot is well illustrated by these same lots,
especially 302, the Type III component of
which had a high antigenic effect. Lot 304,
however, is seentobe of good potency through-
out. It is of interest that in the poorest lots
the Type ol antigen was the best, indicating
its greater stability. The deficiency of Type
II antigen in a few lots reduces the average
response to that type although it was gererally
better than the Type III stimulus.

In Table 62 the type-specific antigenic ef-
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fects of lots or combinations are listed ac-
cording to potency. Fifteen lots had esti-
mated effect of 90 percent or greater for Type
II, 10 for Type OI, and only 3 for Type I. The
problems confronting efforts to amalgamate
these results in order to provide a single es-
timate of potency or effect is clearly seen.

Table 61

VACCINE LOTS BY PERCENT RELATIVE
ANTIGENIC EFFECT TO EACH
POLIOMYELITIS VIRUS TYPE *

Lot Number
TypeI | Type II | Type III

302-302-302 27 49 86
304-304-304 93 98 98
306-306-306 84 90 89
308-308-308 78 90 79
503-503-503 3 18 46
505-505-505 66 88 88
512-512-512 61 94 84
514-514-514 67 96 91
303-303-303 88 93 88
303-303-307 74 86 76
305-305-305 72 92 96
305-305-307 83 9 91
307-307-307 83 100 83
502-502-502 71 43 100
502-502-307 50 85 88
502-502-309 60 86 76
506-506-506 57 96 98
506 -506-307 67 93 90
506-506-309 95 100 94
507-507-507 7 21 24
507-507-307 47 98 90
507-507-309 49 71 48
508-508--508 67 92 80
508-508-307 64 89 69
508-508-309 92 99 94

* See Glossary,

In addition, Tables 63 and 64 present the
type-specific antibody levels attained two
weeks after vaccination with the various lots,
by persons without preceding antibody to
either the given type or to any type “

Series A, those without pre-vaccination
antibody to a specific type, includes Series B,
those without antibody to any type. For Lot
302 it is seenthat while 54 percent of all orig-
inal specimens had no antibody to Type I
(Series A), 22 percent of the total, or 42 per-
centof Series A, was also included in Series B,
Consequently, results in the former are heav-
ily influenced by the behavior of the pre-
sumably inexperienced B group. It can be
seen by examination of almost any segment of
the data that the stimulus required to induce
antibodies in those with no original antibodies
to the three types is greater than for persons
who do not exhibit antibody to the one type un-
der analysis but possess antibody to one or
more heterologous types. The total experi-
ence with Type I shows that nearly 50 percent
more of Group A than of Group B developed
detectable antibody after vaccination.

There is a distinct parallelism between the
capacity of a lot of vaccine to change the neg-
atives to positives and the proportion of titers
which reach a level of 16 or greater. That
effect is more generally noted in the resultant
titers of persons responding to antigens of
Type II or III; 50 percent of those responding
reach levels of 64 or greater. With lots hav-
ing good antigens, the response in the major-
ity of persons without antibody to any of the
types may also reach 64 or greater. The lat-
ter then constitute a more critical test of the
antigenic capacity of a vaccine. In fact, in-
spection of responses of the triple negatives
to a lot or type is probably the readiest single
method of estimating antigenic effect.

RELATION OF ANTIGENIC POTENCY
TO PROPHYLACTIC EFFECTIVENESS

Results condensed in a number of ways for
estimating antigenic effect of lots of vaccine
on the component types are assembled in
Tables 65 and 66. They include data showing
the extent of conversion from negative to
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Table 62

VACCINE LOTS ARRANGED BY RELATIVE ANTIGENIC EFFECT
TO EACH POLIOMYELITIS VIRUS TYPE*

Type I Type II Type III

506-506-309 95 307-307-307
304-304-304 93 506-506-309
508-508-309 92 508-508-309
303-303-303 88 304-304-304
306-306-306 84 507-507-307
307-307-307 83 305-305-307
305-305-307 83 514-514-514
308-308-308 78 506-506-506
303-303-307 74 512-512-512
305-305-305 72 506-506-307
502-502-502 71 303-303-303
506-506-307 67 508-508-508
514-514-514 67 305-305-305
508-508-508 67 308-308-308
505-505-505 66 306-306-306
508-508-307 64 508-508-307
512-512-512 61 505-505-505
502-502-309 60 502-502-309
506-506-506 57 303-303-307
502-502-307 50 502-502-307
507-507-309 49 507-507-309
507-507-307 47 302-302-302
302-302-302 27 502-502-502
507-507-507 7 507-507-507
503-503-503 3 503-503-503

100 502-502-502 100
100 304-304-304 98
99 506-506-506 98
98 305-305-305 96
98 506-506-309 94
97 508-508-309 94
96 305-305-307 91
96 514-514-514 91
94 506-506-307 90
93 507-507-307 90
93 306-306-306 89
92 505-505-505 88
92 502-502-307 88
90 303-303-303 88
90 302-302-302 86
89 512-512-512 84
88 307-307-307 83
86 508-508-508 80
86 308-308-308 79
85 303-303-307 76
71 502-502-309 76
49 508-508-307 69
43 507-507-309 48
21 503-~503-503 46
18 507-507-507 24

* Relative antigenic effect: See Glossary.

positive antibody status for children without
antibody to any type of virus before vaccina-
tion and children without initial antibody toc a
specific type; geometric means of titers, by
type, of all persons tested regardless of the
initial antibody level are also shown. Esti-
mates of relative antigenic effectiveness ac-
cording to antibody response are presented
for each lot with respect to type. Estimates
of prophylactic effectiveness based upon the
occurrence of cases of poliomyelitis related
t}o“ each'lot and type are also included. The
purpose is to relate these several measures

of antigenic potency to prophylactic effect.
The results in placebo controls or in unvac-
cinated controls of observed areas are pre-
sented for comparison and for indication of
variation inherent in the test procedures.

The percentage response of the serological
negatives is clearly seen in the percentages
remaining negative after vaccination. The
comparative sensitivity of the two groups con-
sidered in Tables 63 and 64 can again be re-
viewed. They both provide ready differentia-
tion of relative antigenic effect.
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ANTIGENIC POTENCY OF VACCINE

The mean titers achieved by a group who
received a given lot of vaccine also reflect in
the aggregate the potency of an antigenic
stimulus; major effects and defects are dis-
cernible. When good antigens were used, the
mean post-vaccination titer for a group ap-
pears to be in the same range as that for con-
valescent patients, Certain reservations
must be maintained on this point, however,
since a large proportion of the patients are
persons without original antibody to any type
while only a minority of vaccinated belong in
that class; moreover, the titration procedures
for the pre- and post-vaccination titers em-
ployed larger increments of measurements.
The initial mean titers are essentially the
same for vaccinated and controls. The shifts
in meantiters after vaccination provide a rea-
sonable measurement of antigenic effect, es-
pecially when they are considered in relation
to the later titers of the control specimens
which are practically unchanged. The view of
comparative antigenicity is well seen with
Lots 302 and 503 where the variation between
Types I, II, and I is clearly detected by the
mean titers.

The relation between the relative antibody
response observed in the serological results
and the estimates of prophylactic effectiveness
based upon the occurrence of virus positive
paralytic cases can be seen according to lot
and type. There is general agreement be-
tween the two although certain disagreements
in either direction occur.

RELATIONSHIP OF "EXPECTED" TO
“ACTUAL" CASES
IN VACCINATED CHILDREN

Data from the placebo areas demonstrate
thatpractically all Type I virus-positive para-
Iytic cases in vaccinated children occurred in
Iots of which the Type I antigenic effective-
ness was computed to be less than 70 percent.
Similar findings suggested that a study of the
correlation between "expected" and "actual"
cases in vaccinated children might be useful
in assessing the relationship of antigenic ef-
fect to clinically recognized cases of polio-
myelitis.

Several computing procedures for estima-
ting "expected cases'" or '"expected rates"
were possible. The one chosen was the sim-
ple procedure of applying the rate of "inef-
fectiveness' to the number of cases reported
for each combination of laboratory demon-
strated cases (poliomyelitis virus recovered
and/or serological evidence of poliomye litis
infection) by the respective lot-type. Since
the population which received vaccine for each
lot-type remains constant, expected rates
were not computed. The studies of correla-
tion will give the same results whether cases
or rates are used. Ineffectiveness by lot-type
was estimated as Vg-~V{, wherein V2 was
the proportion of second blood readings less
than 4, and Vi was the proportion of first
bloods less than 4. For example, from Table
67, of the first serum Type I titer readings
reportedas less than 4 for children vaccinated
with Lot 302, 69.5 percent remained less than
4 in the second bloods drawn seven weeks
later. As in Table 61, this method of com-
putation of ineffectiveness was demonstrated
to be essentially the same as V3V divided
by Cg—+C1, since C2~+ C1 approximated unity
for each of the lot-type results.

The decision to use the less-than-4 read-
ings in this evaluation resulted from studies
in which the various levels of antibody read-
ings were subjected to computations of inef-
fectiveness by lot-type and used for calcula-
tion of expected cases. These studies estab-
lished that the ratio of post-vaccination read-
ings less than 4 to pre-vaccination readings
less than 4, among vaccinated children by lot-
type was more closely correlated with the
number of laboratory-demonstrated cases than
similar ratios for any other antibody level.

Application of the ratios selected to ex-
press ineffectiveness by lot-type, computa-
tion of expected cases and resulting correla-
tion coefficients are shown in Tables 67 and
68, The correlation coefficients were com-
puted from the lot-type expected cases and
actual cases. The correlation coefficient "r"
was used in order to provide a basis for com-
parison of the relationships between paired
groupings of expected and actual cases over
all types of poliomyelitis.
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Table 67

EXPECTED AND ACTUAL CASES IN VACCINATED CHILDREN
BY VACCINE LOT AND VIRUS TYPE
PLACEBO AREAS

Poliomyelitis Virus Positivc Cases

Virus Type by Lot

Type I
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This method of calculating expected cases
among vaccinated children is obviously inde-
pendent of the method of determining the num-
ber of clinical and/or laboratory diagnosed
cases as reported in the Field Trial. Hence,
if estimates of effectiveness based on the two
independent methods are found to agree, cre-
dence is added to those obtained from the clin-
ical experience alone. Furthermore, close
agreement between the two sets of estimates
wpuld démonstrate that the reduction of polio-

IS
=
(9

myelitis incidence among the vaccinated re-
sulted from the administration of vaccine.

Evaluation of the total effect of the eight
vaccine lots in the placebo area study (Table
67) against Type I, for example, from the lab-
oratories' appraisal of the ability of the vac-
cine to cause changes in antibody level from
less than 4 to greater than 4 was approached
by three different computations:

173



ANTIGENIC POTENCY OF VACCINE T [
Table 68
EXPECTED AND ACTUAL CASES IN VACCINATED CHILDREN f
BY VACCINE LOT AND VIRUS TYPE ;
OBSERVED AREAS
[ Pollamyelits Virus Posiie Cases e votms ehses O eretogiaty Probie Cuves + o ‘
) orc;;xt Costzol/ ’
Virua Type by Lot (fnetfor- [Population
Hatto
Typel
303 1.3 10 3,85 2,6 0.3 - 1.3 12 3,85 11 0.4 - 1.3 15 3.85 2.0 0.4 -
303-303-307 26.3 - 2,77 - - - 26,3 - 2,717 - - - 26,3 - .m - - -
305 25,3 26 3.68 T.1 1.8 H 25,3 26 3,88 1.1 1.8 5 25,3 26 3.66 7.1 1.8 S
305-305-307 14.8 - 2,99 - - - 4.6 - 2,99 - - - 14.8 1 2,99 0,3 - -
307 16,7 - 3.28 - - - 16.7 - 3,28 - - - 16,7 - 3.26 - - -
28.6 8 3,85 2.2 0.6 2 28,8 8 3.65 2,2 0,8 H 28.6 8 3,85 2,2 0.6 2 H
502.502-307 48.6 - 3.03 - - - 48,8 1 .03 0,3 0.1 - 48.8 1 3.03 0.3 o,1 -
502-502-309 mnT - 1.68) - - - .7 - 3,63 - - - n.1 - 3.8) - - -
508 41.8 n 123 9.8 4.0 2 41.8 34 L0 10,5 4.4 3 41.8 8 .a 1.8 4.9 3
508-506-307 30.9 - .04 - - - 30.9 - 3.04 - - - 30,9 2 3,04 0.7 0.2 - H
506-506-300 5.4 - 2.93 - - - 5.4 - 2,03 - - - 5.4 - 2.8 - - - i
507 §0.0 18 3.00 8,0 5.4 3 0.0 23 3,00 .7 8.8 4 0.0 24 3,00 6.0 T.2 S '
507-507-307 52,1 - 2,71 - - - 52,1 - .M - - - 82,1 - 2.1 - - - i
507-507-308 47.0 - 324 - - - 47.0 - 124 - - - 47.0 3 .24 0.8 4 ~
26.5 1n 8.75 2,8 0.8 1 28,5 4 .75 11 11 1 28.5 18 3.75 4.3 1.2 1
506-508-307 38.4 - 8,65 - - - 36.4 - 3,85 - - - 8.4 1 3,65 0,3 0.1 -
508-508-308 6,0 - 2,81 - - - 8.0 - 2.81 - - - 8,0 - 2,81 - - -
Total - 104 12,9 13 el 34.5 15.3 15 I IIRY 16.9 16
Welghted E stimate:
All Lotg 35,3 104 .27 .8 11,2 13 35,3 118 327 38,1 12,7 15 5.3 135 121 413 14.6 16
Challenged Lota | 40.2 104 .27 31.8 12.8 n 10,8 118 .27 8.1 14.7 15 7.1 135 327 41,3 15.3 18
Type I
303 8.2 2 3,85 0.5 - 0.1 2
303-303-307 1.2 - 2.1 - - 0.1 -
1.3 4 3.88 1.1 0.1 0.1 1
305-305-307 2.7 - 2.88 - - - -
307 - . .28 - - - -
502 57,1 - 3,85 - - - -
502-502-307 " 8 1.0 3.0 0.4 0.4 -
502-502-308 1.8 - 1.8 - - - -
3.7 4 23 1.2 - - -
506-506-307 8.0 - .04 - - - -
506-508-308 - - 2.8 - - - -
507 75,8 12 3,00 4.0 1.0 4.3 1
507-507-307 11.6 - 2.1 - - - -
507-507 -309 28.2 - L4 - - 0.4 -
T4 4 3,18 11 o1 0.1 -
508.506-307 11.1 - 3,65 - - - -
508-508-308 1.0 - 2.81 - - - -
Total [ i 85 Faaed] 10,9 3.6 5.5 4
Weighted Estimateq
All Lotg 15,5 35 Lz 10.7 1.7 2 15.5 39 127 11,8 1.8 3 15,5 56 321 17.1 2.7 4
Challenged Lots | 20,9 35 .27 10.7 2.2 2 18,1 39 .27 1.9 23 3 18,7 58 .27 171 2,9 4
Type 01
30 10,7 4 3,88 1.0 0.1 - 10,7 8 3.85 2.1 0.2 - 0.7 8 3,85 2,3 0.1 -
303-303-307 22,9 - 2,1 - - - 22,9 - 2,71 - - - 22,8 3 2,1 1.1 0.3 1
305 4.4 8 3,66 2.5 0.1 1 4“4 9 3.66 2,5 0.1 1 4.4 10 3,66 2.7 0.1 1
305-305-307 1.6 - 3.89 - - - 7.6 - 2,99 - - - 7.8 2 2,89 0.7 0.1 -
307 18,7 - 3.2 - - - 16,7 1 .28 0.3 0.1 - 16.7 1 3.28 0.3 0.1 1
42,8 - 3.85 - - - 42.8 - 3,85 - - - 42.8 - 3.65 - - -
502.502-307 12,5 4 3,0 13 0.2 1 12,5 4 3,08 1.3 0.2 1 12,5 5 1.0 1.7 0.2 1
502-502-309 23,2 - 3.6 - - - 23.2 1 3.8) 0.3 0.1 - 2.2 3 1,63 0.8 0.2 -
2.1 3 Ln 7.1 0.1 - 2.1 27 L 8.4 0.2 - 2.1 28 1n 8,7 0.2 -
506-506-307 6.8 - 3.04 - - - 8.8 - .04 - - - 8.8 2 3,04 0,7 0.1 -
508-508-309 8,1 - 2.9) - - - 6.1 - 2.83 - - - 6,1 - 2,83 - - - N
. 72,8 15 3,00 5.0 3.8 2 2.9 17 3.00 5.7 4.2 2 T72.9 18 3,00 6.0 44 2
507.507-307 9,4 - .n - - - 9.4 - 2,71 - - - 8.4 - 2.7 - - -
507-507-309 50.5 - .24 - - - 50,5 - .U - - - 50.5 2 L2 0.6 0.3 -
18.4 8 .75 1.8 0.3 - 18,4 8 3,7 2.1 0.4 - 18,4 10 3,75 2.7 0.5 -
506-508-307 30.8 - 3,65 - - - 30,8 - 3.85 - - - 30,8 - 3,8% - - - !
508-508-308 8.2 - 2,81 - - - 8.2 - 2.61 - - - 6.2 1 2,81 0.4 - -
Total 81 BB 18.5 4.4 4 b kil 2.9 5.5 4 B4 28.7 6.6 6
Weighted Estimate:
Alt Lots 19,5 61 .27 18,7 3.6 4 19,5 kt] .27 22,9 4.5 4 18,5 ] 3,27 28,7 5.8 8
Challenged Lots | 22,2 81 .27 18.7 4.2 4 22,3 T .27 22,9 5.1 4 20,7 12} .27 8.7 5.8 6
e B P e o
1. Summing up for each type the expected vac- a. multiplying each lot-type percent inef-
cinated cases computed for each lot-type fectiveness by the number vaccinated,
and comparing with the sum of the actual b. summine these ducts. and
< . . L . min se products, an
cases (unweighted estimate of ineffective- & P ’
ness). . dividtng by the total number vaccinated;
d. multiplying this weighted percent inef-
2. A "weighted percent ineffectiveness for fectiveness by the total "control" cases
each type of poliomyelitis was computed by: of the type of poliomyelitis to generate
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Table 69

EXPECTED AND ACTUAL CASES IN VACCINATED CHILDREN, BY VIRUS TYPE
PLACEBO AND OBSERVED AREAS

Pollomyelitis Virus Po;ioosrlrhy:lilalsd)':l;us
Poliomyelitis Virus Positive and/or 3 lnei "“
Poll. Lt Positive Cases Serologically Posel:;:re i:aSeic
oliomyelitis =
Study Areas Virus Type Posltive Cases logically Probable
All Lots (Using "Unwelghted
Ineffectiveness" by Virus Type)
Placebo 1 1 12,8 15 13.5 18 18,1
hig - 1.1 2 1.8 4 1.9
o1 1 2.9 2 3.5 3 4.6
Obgerved I 13 12,9 15 15,3 18 16,9 .
u 2 3.8 3 .7 4 5.5
m 4 4.4 4 5.5 8 6.6
Total 34 37,8 41 43.1 51 53.6
Correlation Coefficient r=.99 r=.99 r=,98
All Lots (Using "Welghted
Ineffectiveness™ by Virus Type)*
Placebo 1 14 14.2 15 15.8 18 19.8
o - 1.1 2 1.5 4 2.4
H1 1 .17 2 4.8 8 5.5
Observed 1 13 11.2 15 12,7 18 14.8
I 2 1.7 3 1.8 4 2.7
m 4 3.8 4 4.5 8 5.6
Total 34 35.5 41 40.7 51 50.8
Correlation Coefficient r=.97 r= .96 r=.97
Challenged Lots (Using ""Welghted
neffectiveness" by Virus Type)*+
Placebo T 14 14.2 15 15.8 18 18.8
I - 1.6 2 1.4 4 1.7
it 1 2.7 2 3.5 3 5,5
Observed 1 13 12.8 15 14.7 16 15.3
I 2 2.2 3 2.3 4 2,9
o1 4 4.2 4 5.1 6 5.9
Total 34 37.17 41 42,6 51 51.2
Correlation Coefficient r=,99 r=,99 r=.97

* Expected cages calculated on the basis of actual cases among controls multiplied by (ratlo of readings: <4 in 2nd serum/

<4 in 1st serum). In observed areas thizs quantity was divl
lot-type expected cages are used in the calculation of *'r*,

** Expected or predicted cages are obtalned by getting a welg]
<4 in 1st serum) for challenged control lots, Using this ovi
cages, one gets predicted cases,
1ion used as basis of estimating inelfectiveness of vacclne.

the total expected vaccinated cases of
that type.

3. Compute as in "2" but use only those lot-
type units in which at least one actual case
appeared, that is, those lot-type units for
which there was known to have been some
challenge (presence of disease according
to laboratory reports).

Each of the three methods of computing
over-all ineffectiveness was carried out for
each type of poliomyelitis, and the results in
summary form are shown in Table 69,

Tables 67 and 68 show that there were

ded by the population ratlo of control/vacclnated, Sums of the

hted egtimate of Ineffectiveness (based ontiters <4 in 2nd serum/
er-all estimate and multiplylng times total number of control

For observed areas, control cases are divided by population ratlo, Vaccinated popula-

great variations in ineffectiveness between the
various lot-type units of the study. For ex-
ample, in Table 67, ineffectiveness calculated
fromthe laboratory readings of pre- and post-
vaccination bloods varied for Type I from 6
percent for Lot 304 to 87 percent for Lot 503;
for Type I, Lot 304 was estimated at 2 per-
cent, while Lot 503 was 78 percent ineffec-
tive. Furthermore, these data demonstrate
that the estimates of ineffectiveness from
laboratory readings are associated with the
occurrence of type-specific laboratory-
demonstrated cases.

Correlation coefficients calculated from
the pairs of expected and actual cases are
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also included in Tables 67 and 68. The corre-
lation coefficients presented may all be shown
to be significantly different from zero corre-
lation, and not significantly different from
each other. In other words, these mathemat-
ical expressions of relationship may be
viewed as meaningful, and the relationships
are of the same order of magnitude. These
coefficients approximate 0.7 for each of the
lot-types for both the placebo and the observed
studies and may be interpreted as explaining
approximately 50 percent of the occurrence
of the laboratory-demonstrated cases. The
tables show that there were usually very few
such cases by lot of vaccine, and it follows
that considerable variation might be expected.

The total estimated cases by type of polio-
myelitis should be less subject to variation
than those by lot-type, and the correlation co-
efficient calculated from total cases for each
type of poliomyelitis should have increased
efficiency in estimating the total influence of
ineffectiveness, Table 69 shows that the re-
sults of these calculations yield coefficients
approximating 0.98, which may be interpret-

Figure 11
VIRUS-POSITIVE POLIOMYELITIS CASES
BY VACCINE LOT & VIRUS TYPE

551
.

sl

s ] LOT NuMBER
T Nrvee

Source: Table 67.

Figure 12

VIRUS-POSITIVE POLIOMYELITIS CASES
BY VIRUS TYPE
. PLACEBO & OBSERVED AREAS

01

If Tvyee
P | PLACEBO AREA
O] OBSERVED AREA

Source: Table 69, Weighted Ineffectiveness,

ed as explaining practically all of the cases
occurring in the vaccinated populations by
type of poliomyelitis during the 1954 Field
Trial. The effect of using the expected and
actual cases by type of poliomyelitis in the cor-
relation calculations appears to have allowed
the variations which were present in the indi-
vidual lot-type calculations to balance out in
such a manner that a very high positive cor-
relation resulted, '

Correlation coefficients are often mislead-
ing in analyses, and many persons prefer to
see graphs of related data. Figure 11 shows
the data of Table 67 indicating an obvious pos-
itive correlation but not nearly so consistent
as that of the relationships depicted in Figure
12, prepared from the data of Table 69.

Several inferences may be drawn from
these studies:

1. Laboratory reports of changes in anti-
body levels between the pre- and post-
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vaccination bleedings are valuable in esti-
mating the effectiveness of the vaccine lots
used.

2. These studies imply that Ilaboratory-
demonstrated cases in vaccinated children
occurredprimarily in those who had no de-
monstrable type-specific antibody follow-
ing vaccination and that antibody level of 4
or greater seems sufficient for prevention
of laboratory-demonstrable cases.

3. Over all areas and conditions existing in the
Field Trial, the vaccines were estimated
by this procedure to have been approxi-
mately 65 percent effective against Type I
poliomyelitis, and 80 to 85 percent effec-
tive against both Types II and II. Great
variation existed between the lot-type abil-
ity of vaccine to produce changes in levels
of antibody from titers of less than 4 ac-
cording to the laboratory readings of first
and second bloods.

Inferences from this study are related to
many subjects reported in the Summary Re-
port of April 12, 1955. For example, on page
32 of the text of the Summary Report, men-
tion was made that some 67 percent of para-
lytic cases may have occurred among those
having no antibody to any of the three types of
poliomyelitis. Again, Table 67 shows that 14
of the 15 virus-positive cases among the vac-
cinated children in the placebo study areas
were Type I, and these 14 cases occurred in
childrenwho received vaccine lots which were
relatively ineffective (more than 25 percent)
in producing antibody as judged from labora-
tory readings of pre- and post-vaccination
bloods. Similarly, for the observed areas,
16 of the 19 virus-positive cases occurred in
children who received vaccine which was
relatively ineffective as judged by the same
laboratory criterion (Table 68),

The entire correlation procedure was also
performed with laboratory readings of less
than 4 to all three types of poliomyelitis virus
in the pre-vaccination blood as the basis for
the serological side of the comparison. The
results of this study were nearly identical with
those of the type-specific data given above.

These studies leave little doubt that éhe ef-
fectiveness of the vaccines in the Field Trial

of 1954 was closely associated with, perhaps
entirely dependent upon, the ability of the lots
of vaccine used to produce discernible type-
specific antibody rise in childrefi who pre-
viously had no discernible type-specific anti-
body.

STABILITY OF ANTIBODY TITERS

The number of specimens of serum avail-
able for comparison of antibody titers two
weeks after completion of vaccination and five
months after vaccination was smaller than
that for comparisonof the pre- and early post-
vaccination levels. Results with 14, 783 pairs
of sera, excluding the toxics, were tabulated
in the later series, 26 percent less than the
20,067 in the first series of paired sera. The
data were tabulated in a number of different
ways inorder to present various comparisons.

Relation of Antibody Stability

to Lots of Vaccine

Table XVIII of the Summary Report gave
the percentage distribution of second and third
titers then available for representative lots of
vaccine. The influence of variations in anti-
genic potency of lots or components upon the
durability of the antibody titers has been fur-
ther examined. Tables 70 and 71 contain the
summary distributions of the pre- and two-
weeks-post-vaccination titers and those for
the two-weeks- and five-months-post-vacci-
nation specimens. Two lines of data are pre-
sented for the two-weeks-post-vaccination
sera; the first line is based on readings ob-
tainedin tests of paired first and second sera;
the second line presents readings obtained in
tests of paired second and third sera or
matched first, second, and third sera. In
some instances there were fewer pairs of
first and second sera than paired second and
third sera; this resulted from an excess of
toxic specimens in the first collection, Var-
iations in the numbers involved also relate
to the attrition, to incomplete series of spec-
imens or tests, etc. Limitations in direct
comparisons are imposed by the fact that dif-
ferent laboratories had material from persons
receiving different lots of vaccine, but the se-
rial specimens related to a given lot were
regularly tested by the same laboratories.
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STABILITY OF ANTIBODY TITERS
Table 70
PERCENT DISTRIBUTION OF ANTIBODY LEVELS AT FIRST, SECOND AND THIRID

BLEEDINGS BY VACCINE LOT, VIRUS TYPE, AND VACCINATION STATUS
PLACEBO AREAS \

Vaccinated Placebo

Lots by Virus Type
and Bleeding

Lot Type | Bleeding
302 I 1st 833 |54| 4| 6| 12| 14| 9] 851 |50| 4| 8[13|15] 10
and* 833 (38|10 9| 11| 15| 18 | 851 (49| 6 | 7| 12| 16 10
ond** | 247 |31113| o| 13| 17| 17|27 |46) 6| 8| 8|19 13
3rd 247 (32|10 8| 13| 21({ 16 | 275 [41| 7| 8| 13| 16 15
i 1st 833 |[s54| 7| 6| 12| 12| 10 [851 [62] 5| 6| 8|10] 8
2nd* 833 |26 |11 14| 12| 14| 23 | 851 |60| 6] 6] 10] 9| 9
ond** | 247 |23 |12 (15| 11| 15|23 | 275 [58| 9| 4| 10| 9| 10
3rd 247 [25 |13 (14| 11| 15|23 | 275 |53| 11| 5| 11|10 11
m 1st 833 (62| 6| 8| 10| 7| 7 |s851 |6a| 6| 8| 9| 7| 7
and* 833 | 9{14 21| 16f 14|25 | 851 |61 7| 8] 9| 8| 7
ond** | 247 | 6|15 21| 17] 17|23 | 275 |s52| 11| 7| 8| 13| 10
3rd 247 (1321 |17| 14| 13| 22 | 275 |41| 12| 8| 10| 18 12
304 I 1st 621 |48 7| 9| 12| 12|13 553 |54] 7| 6) 13| 11] 8
2nd* 621 | 3| 7{16]| 21| 14|39 |553 |52 7| 8}12]|11] 10
ond** | 477 | 3| 6 |14| 20| 13|44 {398 [57| 3| 5| 9] 14 13
3rd 477 | 7|16 |15] 11| 15|36 | 398 [53] 6 [ 3!10(14] 14
I 1st 621 |60 9| 5| 7| 9|10 (553 |[e1| 8] 5| 7| 8| 10
ond* | 621 | 2! 5|18|as| a1}30 |s53 {58 8| 5| 8| of 11
ond** | 477 | 2| 3 |12| 26| 20|37 | 398 |62| 4| 3| 7| 10] 14
3rd a7 | 3|13 |21)21| 13(30|398 {57 5{ 5| al10] 15
m 1st 621 |62 | 8 | 7|11| 8| 4 |553 |59 9| 9l10| 9f 4
ond* | 621 | 1| 4|18 29| 20|29 [ 553 [58| 8 |11{10| 8] 5
ond** | 477 | 2| 4 |18| 28| 17|32 |398 [e64| 3| 8| 12| 9| 4
3rd 4t (11026 (14| 12| 10|27 | 398 [60| 5| 7]{13{10| 5
306 I 1st 543 |56 |12 ] 8| 6| 5|13 | 532 |s8l10 | 7| 7| 7l 11
2nd* 543 |10 |15 |15| 17| 14|29 | 532 |s6| 10 | 8| 7| 7| 12
ond** | 364 |12 |14 |17|15] 13|29 | 399 |e2| 7| 5| 7| 8] 12
3rd 364 |19 |17 |15|15| 9]25 | 399 |e1] 7] 5| 8] 8] 10
I 1st 543 (48 [10 | 7| 9| 7|18 | 532 [52| 7 (8| 6| 819
2nd* 543 | 5 (10 15| 19| 16|36 | 532 |49| 8 | 7| 7| 9] 19
ond** | 364 | 3|12 [16| 16| 13|40 | 399 |51| 8|6 6] 821
3rd 364 | 8 (18 |16|14] 9|35 | 399 |50] 8| 7| 6| 8] 21
11 1st 543 |60 (12| ol 7| 5| 6 | 532 les| 6| 7| o 7! &
2nd* 543 | 7|11 |19|23( 13|27 |532 |e3| 7 [ 7|10| 7| 8
ond** | 364 | 8|10 |21[23| 11|27 [399 [e7| 5| 6|10]| 5[ 8
3rd 364 |17 |20 |23 | 12| 7|21 |399 |64| 6| 8| 9| 6| 7

( Continued on next page.)

* Second blood readings were obtained when first and second bloods were tested simultaneously.
** Second blood readings came from either second and third blood tests or first, second, and third blood tests.
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STABILITY OF ANTIBODY TITERS

Table 70 Continued

Vaccinated Placebo '

Lots by Virus Type
and Bleeding

Lot Type |[Bleeding
308 I 1st 270 |54 5| 6] 8] 8| 18| 265 | 60| 3 7 6| 8| 16
2nd* 270 12| 6 |16 13| 14| 39 ] 255 55 51 3(11f 9116
2nd** 244 |12 6 |16 | 12| 16| 38 | 226 56 5] 4 91 9| 17
3rd 244 | 11|11 (21] 13| 10| 34 | 226 51 8| 3 9|10 19
II 1st 270 51| 7| 8|11 7| 16 ] 255 [ 49| 8 | 8 8| 9| 18
2nd* 270 5 6 |17 17) 15| 39 | 255 | 46| 8 |10 8| 7| 22
2nd** 244 6 5120) 16| 16| 37 | 266 | 45 8 |10 8| 7| 22
3rd 244 5 9 (22| 19) 11| 34 | 226 | 41 99|10 9|23
Jsis 1st 270 |49 7 |10| 10| 9| 14 | 255 56 5 7 9| 9| 14
2nd* 270 9| 8 (18] 12| 11| 40 | 255 52 6 | 8| 11| 9| 14
2nd** 244 (10| 9 |18 13| 12| 39 | 226 50( 7 | 8| 11| 8| 16
3rd 244 |11(16 |18 13] 6| 37 | 226 | 48 7 (10| 11 8|18
503 I 1st 405 |46 | 8 | 8] 12| 14] 11 | 452 | 47 71 9]15|12]| 10
2nd* 405 |42 71 8(15) 14 14 | 452 | 44| 7 |11] 13|13 ] 12
2nd** 197 |43 5 8 (25| 13 71223 | 39 6 |10| 19| 16 9
3rd 197 |43 5 |11(19{ 16| 7] 223 | 41| 4 12| 18| 16 9
I 1st 405 |55 71 7(10( 11) 11 | 452 | 49| 7 91111311
2nd* 405 (43| 11 7112) 12| 16 | 452 [ 50| 6 | 8| 12| 14| 11
2nd** 197 |38 9| 8(13| 13| 19 | 223 | 42 7 (10|12 | 17| 13
3rd 197 (38|12 | 8| 10| 18| 15 | 223 { 43 6 |11 711915
III 1st 405 |49 7 /12]16| 10| 6 | 452 | 46| 12 |14 | 14| 7| 7
2nd* 405 (26|11 |10 | 12| 19| 22 | 452 | 46 9 |16 | 15 8| 6
2nd** 197 (15|15 |14 9] 23| 24 | 223 | 46 7 120 | 16 7| 4
3rd 197 {24 114 | 81 15| 25| 14 | 223 | 42| 9 |17}16 ) 11 5
505 I 1st 73 |56 | 4| 6|11 12| 11 ] 721 571 6 | 6|11 |11] 9
2nd* 3 |19 9 14113 11| 34 | 721 56| 4 | 8|12 9|11
2nd** 630 (20| 9 |13 |13 10| 35 | 602 | 58 2 T(12( 9111
3rd 630 |27 9 [11]12| 13|27 ] 602 [55| 4 | 7|11|11]12
n 1st 773 |55 5[5 8| 10 18 | 721 57| 3 5 6|11 18
2nd* M3 6 8 (1618} 12|39 | 721 | 56| 4 [ 4 7111 18
2nd** 630 |1°'6) 7 116|117 12] 42 1602 )} 57] 3 | 3 6111 20
3rd 630 |11 |12 |17 |14 11|34 [ 602 | 54| 4 | 4 612 20
I | 1st 773 |56 | 4 |10 (12| 11| 6 | 721 | 61 51 8]15 8| 3
2ng* 3 T(12 (18 )16 10| 38 | 721 60| 6 (10| 12| 8| 4
2nd** 630 7111 |18 16| 9] 39 | 602 | 63 5 9111 8| 4
3rd 630 (22|13 |15 71 14| 29 | 602 | 60 5 8|13 (10| 4
NS {Continued on next page.)
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STABILITY OF ANTIBODY TITERS

Table 70 Continued

Vaccinated Placebo

Lots by Virus Type
and Bleeding

Lot Type | Bleeding

2nd* 559 | 6|19 |25 |12 |14 |25 | 479 | 60
2nd** 491 6119 (27 |12 |13 |23 {424 |61
3rd 491 (2619 |15 | 8 |16 |16 | 424 | 59

17 9
16 | 11

512 I 1st 642 | 62 3| 5( 9| 10| 11 | 677 | 65| 4| 3| 8| 13 7
2ngd* 642 | 24( 12| 15| 10| 11| 28 | 677 [ 64| 5| 3| 8[ 11 8

2nd** 545 ) 26| 1115 9| 11| 28 | 573 |65 5| 3| 8 11 8

3rd 545 | 31| 12 12| 8| 12| 25573 | 61| 4| 6] 9| 12 9

11 1st 642 (63| 6| 5| 5| 813 | 677 |62 5| 2] 8| 11| 11
2nd* 642 | 4| 6 {14 26|16 {34 | 677 |62 4| 5] 7} 12| 11

2nd** 545 | 4| 6 |14 27|15 |33 | 573 | 64| 4| 5| 6| 12 9

3rd 945 | 8|11 |23 (16|14 (27 | 573 |62 5| 5| 7| 10] 10

191 1st 642 |62 4 (11|10 | 6| 6 | 677 | 68| 6| 9| 10| 5 3
2nd* 642 | 9 (13 |26 15| 9|27 | 677 | 66| 5[ 9| 10| 5 3

2nd** 545 9112 (2515 |10 (28 [ 573 | 65| 4|11 12| 6 3

3rd 545 |24 |18 |12 |11 |13 |21 | 573 (64| 5[10] 12| 5 4

514 I 1st 559 /57| 3| 614 |11 |10 | 479 (48| 3 (11| 15| 15 8
2nd* 559 |18 |13 |14 |13 |11 |31 | 479 | 47| 4 |10| 16| 13 9

2nd** 491 |19 (13 (15|13 |11 |30 | 424 | 49| 4 |10| 16] 12| 8

3rd 491 129 |10 (14 |11 |14 )22 | 424 | 47| 4 |10 17| 15 7

I 1st 559 |59 4 | T(14 |10 | 6 | 479 |55| 6| 9 13| 12| 6
2nd* 559 2| 412027 |17 |30 | 479 |52| 7| 9| 14| 12| 7

2nd** 491 21 4 (20|26 |17 |30 | 424 | 52| 6| 8| 15| 12 7

3rd 491 | 4 (15 (23 |18 |16 (24 | 424 |51 | 6 [10] 12| 13 8

m 1st 559 |62 | 7T |15 9| 3 | 4 | 479 (62| 6 |18 7 2
7 4

7 2

7 2

4
17] 9| 4
4
5

* Second blood readings were obtained when first and second bloods were tested simultaneousty.
** Second blood readings came from either second and third blood tests or first, second, and third blood tests.
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STABILITY OF ANTIBODY TITERS

Table 71

PERCENT DISTRIBUTION OF ANTIBODY LEVELS AT FIRST, SECOND AND THIRD
BLEEDINGS BY VACCINE LOT, VIRUS TYPE, AND VACCINATION STATUS
OBSERVED AREAS

Vaccinated Control

Lots by Virus Type
and Bleeding

Lot Type | Bleeding

303-303-303| 1 1st 473 | 52 4| 8| 13| 13| 9 |75 | 54| 3 |10 (14| 13| 5
2nd* 473 6| 8 |16| 17| 18( 34 |755 | 52| 3| 91613 7
2nd** 208 6( 10 (13| 18| 16| 38 | 293 |43 3 (10|18 | 19| 6
3rd 208 | 13| 12 |13| 12| 23|28 | 293 | 41| 2 |10 | 18| 18| 10
I 1st 473 | 51| 4| 17| 12| 14| 12 |55 [ 53] 5| 6|14 13| 9
2nd* 473 3] 2(12| 23| 20| 40 | 755 |50 4| 7|15 14| 11
2nd** 208 4| 2]12| 25| 25|32 |293 | 53| 3| 6|13 | 16| 8
3rd 208 4| 10 |16| 23| 22| 25 | 293 | 47| 4| 5|13 | 18] 12
m 1st 473 | 49 7 |11| 12| 12| 9 |55 |56y 5 |11 |14 | 10| 4
2nd* 473 6 7 (15| 19| 12|40 (755 [ 53| 6 |10 |15 11| 5
2nd** 208 6] 6 (10| 20| 19| 40 | 293 [ 51| 4|12 |18 | 10| 6
3rd 208 | 11| 15 |14| 6| 19|36 | 293 | 47| 3 |14 |16 |15 5
303-303-307| I 1st 85 |67 5| 8| 9| 6| 5 ]223 (62| 3| 5|10 13| 7
2nd* 85 | 18| 9 |20| 19| 12|22 |223 | 63| 2| 4| 9|13| 8
2nd** 48 6 6| 8| 25| 15| 40 58 | 34| 7 (16(21)14] 9
3rd 48 2 6 (21| 19| 23| 29 58 [ 34| 212217 14] 10
I “1st 85 | 62| 2| 6| 6| 14| 9 |223 |65 4 10| 9| 6
2nd* 85 9| 5|15| 27| 14|30 |223-(65| 3| 5|12| 9| 6
2nd** 48 - 4112] 17| 6] 60 58 | 48| 7| 7|19|10] 9
3rd 48 -1 8 123| 4] 15| 50 58 | 48| 5|14 (12| 10| 10

oI 1st 85| 56| 4| 5| 12| 11|13 |223 |68 2| 3| 9| 8
2nd* 85| 13| 9 |13| 16| 14| 34 | 223 [ 66| 1| 3| 10| 9] 10
2nd** 48 2| 6| 8| 27, 8| 48 58 | 52| 3 (10| 10| 14| 10
3rd 48 4| 17 |15| 12| 8| 44 58 | 52| 2| 7|16]| 12| 12
305-305-305( I 1st 598 | 44( 6 (10| 13| 17 9 | 777 | 39| 7 |10 | 17| 18] 10
2ng* 598 ( 11 8 |15 14| 19( 32 {777 (37( 7| 91919 9
2nd** 582 | 14| 10 (13 14| 1732 |670 | 39| 6| 8|20 | 18 9
3rd 582 | 17| 12 |12 13| 20| 26 | 670 | 35| 8 | 917 20| 12
I 1st 598 | 39| 9| 6] 10| 17| 19 | 777 | 41| 9| 8|10 16] 15
2nd* 598 3 7T |14| 17| 16| 44 | 777 | 38| 12| 8| 11| 16| 16
2nd** 582 3| 10 |13| 18| 13| 42 | 670 | 39| 10 | 8 |11 | 15| 16
3rd 582 5| 15 | 16| 13| 13| 38 | 670 | 33| 13 | 8 | 11| 18| 16
hids 1st 598 | 45 8 (11| 15( 14 7 (77T (43| 6 (11 (18 14| 7
2nd* 598 2| 4 (14| 22| 19|39 | 777 | 41| 8 |11 | 17| 14| 9
2nd** 582 2| 4 |15| 20| 19| 40 | 670 | 42| 7|11 (17| 13| 11
3rd 582 9| 13 |16 13| 15| 34 | 670 | 38| 6 |13 | 19| 13| 11

a {Continued on next page.)
* 2nd blood readings were obtained when 1st and 2nd bloods were tested simultaneously.
** 2nd blood readings came from either 2nd and 3rd blood tests or 1st, 2nd and 3rd blood tests.
*** Less than one-tenth of 1 percent. 181




STARILITY OF ANTIBODY TITERS

Table 71 Continued

Vaccinated Control

Lots by Virus Type
and Bleeding

Lot Type | Bleeding
305-305-307| I 1st 355 [ 46| 9| 7| 14| 14| 9| 492 | 45 9| 8| 15 14| 10
2nd* 355 7112 |15] 18| 20| 28 | 492 | 42| 10| 9| 14| 15 9
2nd** 304 6|15 ([15]| 18| 19| 26 | 409 | 43| 8 |10]| 17| 14 9
3rd 304 | 13| 20 (13| 13| 19| 22| 409 | 38| 9| 17| 19| 16 10
I 1st 355 |52/ 15 6| 713 71492 ) 57/ 10) 5) 10| 11 6
2nd* 355 2| 711930 17| 25| 492 | 52] 13| 5| 10| 12 8
2nd** 304 2 5120 27| 19| 27| 409 | 49| 15| 5| 10| 13 9
3rd 304 5|16 |22| 16| 19| 22 | 409 | 43| 15| 17| 11| 16 9
i 1st 355 |48 11 |13 | 13| 10| 5] 492 | 50| 8 |16| 13| 8 5
2nd* 355 4112 17| 20| 18| 30| 492 | 48| 9 |13] 17 7 6
2nd** 304 4(11 (19| 21| 15| 30 | 409 | 49| 10 | 12| 17| 9 4
3rd 304 [ 12| 24 |13 | 11| 17| 23 | 409 | 47| 10 | 12 1M 9 5
305-305-508( I 1st - -
2nd* - -
2nd** 7114 29|14 - -] 43 4 - 25 [ 25] 25| 25 -
3rd 729 14 -1 14| 29| 14 4 | 26| -|[50] -] 25 -
I 1st - -
2nd* - -
2nd** 7114|2914 | 14| -| 29 4 | 50| - | -] 25 -] 25
3rd 7129|1414 | 14| -] 29 4 | 50| -| -[ 25| 25 -
I 1st - -
2nd* - -
2nd** 7 14| -| -|14]| 29] 43 4 | 5| -]25 - - -
3rd 7T 114 14 -129| 14| 29 4 | B[(26| - - - -
307-307-307( I 1st 10 |60 -]10| 10| 10( 10 12 | 67| - 17| 8| 8 -
2nd* 10 |10 -]20]| 20| 40| 10 12 [ 67| -| -| 16| 16 -
2nd** 19 5 -| 516 26| 47 16 | 56 - | -| 19| 19 6
3rd 19 5 -(21]16] 16} 42 16 | 56| -] -] 12| -]31
11 1st 10 (40| - -[30( - 30 12 (42| - -| 8| 33|17
2nd* 10 -{ -120(10( 20| 50 12 | 42| - | 8| 8| 33 8
2nd** 19 -1 5{11/21)11] 53 16 [ 44| -]12] 12) 19 )12
3rd 19 -| 5121 5|16 53 16 | 19| 6 (12| 19| 12 | 31
jaul 1st 10 |60 10 |10 | -|{10] 10 12 (50| 8 |17| 8| 8 8
2nd* 10 | 20| - |30 (30| -] 20 12 | 50| 8| 8| 16| 16 -
2nd** 19 [ 11| 5 (26| 21| 5| 32 16 | 62| - [12] 12| 12 -
3rd 19 | 16|11 {37 | -| 5|32 16 [ 56| - |12 12| 6 |12

(Continued on next page.)
* 2nd blood readings were obtained when 1st and 2nd bloods were tested simultaneously.
** 2nd blood readings came from either 2nd and 3rd blood tests or 1st, 2nd and 3rd blood tests.
+** Less than one-tenth of 1 percent,
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STABILITY OF ANTIBODY TITERS

Table 71 Continued

Vaccinated Control

Lots by Virus Type
and Bleeding

Lot Type | Bleeding

502-502-307| 1 1st 6 2| 4 3
2nd* 230 [ 27|10 6 13| 23| 21 ) 332 ] 68] 2 | 5] 11| 11| 3

2nd** 145 (34| 7| 6] 10| 17| 26 | 287 | 68| 2| 6| 9| 11] 3

3rd 145 [ 38| 6| 8| 14| 17|18 | 287 | 701 1 | 4| 10] 11| 5

s 1st 230 | 51 (- 6| 5| 8| 19|10 332 67 2| 5] 9| 12| 5

2nd* 230 7110 14| 16| 16| 36 | 332 | 65| 3 | 4| 11| 14| 4

2nd** 145 | 10 (12| 13| 18| 15| 32 | 287 | 63| 3 | 4| 12 14| 4

3rd 145 | 16 | 10 | 14| 14| 14 32 | 287 | 54| 3 | 5] 12| 16| 8

11 1st 230 (63| 5 7| 12| 11| 2332 | 68| 3 | 9| 10| 8| 2

2nd* 230 8| 8|20 17| 19| 28 | 332 | 67| 4 | 7| 11| 8| 4

2nd** 145 | 11| 7|26| 15| 14| 27| 287 | 66| 3 | 6| 13| 8| 4

3rd 145 | 22 | 17| 15| 10| 14| 22 ] 287 | 61| 4 | 5| 13| 12| 5

502-502-309| I 1st 182 | 42| 6| 6| 10| 22| 14 | 227 | 40| 4 | 4| 16| 14| 22
2nd* 182 | 16| 9| 8| 4| 11|52 | 227 | 37| 4 | 5| 15 18] 21

2ng** 211 ) 13| 8 6| 4| 12|56 ) 218 | 37] 4 1 6] 15] 16/ 23

3rd 211 (14| 8| 5] 11| 17|45 | 218 | 36] 4 | 4| 15| 17] 24

I 1st 182 | 52| 3| 8| 9| 16| 13 ] 227 | 41| 3 | 7] 14| 13| 23

2nd* 182 T113 |12 14| 16| 39 | 227 | 41| 2 | 8] 15| 16] 18

2nd** 211 611 (11| 13| 15|45 | 218 | 39| 2 | 7| 13| 18] 20

3rd 211 9] 915 13| 16| 37 | 218 |35 3 | 8] 14| 17| 24

I 1st 182 | 47| 6 12| 21| 10| 4 | 227 | 43| 4 |14 18| 14| 7

2nd* 182 | 11 | 10 (12| 15| 11| 41 | 227 | 42| 4 |14 20| 12| 9

2nd** 211 [ 10| 9 (12| 15| 9|46 | 218 | 44| 4 (14| 19| 11| 7

3rd 211 | 18| 9| 8| 10| 19|35 | 218 | 39| 4 |11 | 20| 13| 12

502-502-502| 1 1st 11 | 64) 9| 9| 9| 9| - 2 1100 - | - -} -] -~
2nd* 11 18] 9] 9| 9| 36| 18 2 1100 - | - -1 -1 -

2nd** 2 -15 ]| ~| -| 50 - 2 |1001 - | - -1 ~| -

3rd 215 - - -| 50 - 2 (100 - - - --| -

I 1st 11 |64 |18 -| -1 9] 9 2| 5 - -]5%0 -} -

2nd* 11 | 36|18 -| -| -] 46 25| -[-] -1 -] 50

2nd** 2 15| - -] -] -|50 2 150 - | - -1 ~| 50

3rad 215 -| -1 -|+-]50 2150 -}|-] -1 ~| 50

a1 1st 11 [ 64| 9| ~| 27| -| - 2 -1 -1 ~150| 50| -

2nd* 11 127 9)18/ 18 18 2 -l -1 -1 -1 -1100

2nd** 2 50 - - - 50 2 - -1 -] -| -]100

3rd 2 50| -] -| -] -1|50 2 ~| -] -] -] 50] 50

(Continued on next page.)
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STABILITY OF ANTIBODY TITERS
Table 71 Continued
/
Vaccinated Control
Lots by Virus Type ] T
and Bleeding
Lot Type| Bleeding
506-506-307 I 1st 486 | 51 5| 10| 18] 11| 5 | 784 | 50| 4| 12| 17| 12 5
2nd* 486 | 16| 9| 18| 15) 14| 28 | 784 | 48| 4| 11| 18] 14 6
2nd** 408 | 15| 9| 18| 13| 13| 32 | 618 | 50| 4| 11| 16| 14 6
3rd 408 | 22 | 11| 17] 10| 17| 24 | 618 | 48| 4| 13| 14| 16 6
I 1st 486 | 55| 7| 7|11 12| 8 | 784 | 57| 7| 8| 12| 10 6
2nd* 486 3| 4|20 21| 18| 34 [ 784 | 53| 8| 8| 12| 10 9
2nd** 408 4| 423| 21| 16| 32 | 618 | 56| 7| 9| 10| 9 9
3rd 408 413 (28| 16( 15| 24 | 618 | 52 9 9| 12 9| 10
10 1st 486 | 54|10 |14| 13| 5| 4 | 784 | 57| 7|14 15| 5 2
2nd* 486 5| 7|26( 17| 11| 35 | 784 | 54| 7| 14| 16| 7 3
2ng** 408 5| 8]27| 15| 11| 33 | 618 | 58| 7| 12| 13| 6 3
3rd 408 | 13 |16 (21| 6] 16| 28 | 618 | 52| 7| 14| 14| 10 4
506-506-309| I 1st 57 | 65| 7| 4| 12] 12| - 11 (82 9| ~| -| 9 -
2nd* 57 4119|2135 7|14 11 |91 - 9f -| - -
2nd** 67 6|15 (25| 30( 10| 13 7 100 - - - -
3rd 67 | 15|28 |10 16] 22| 7 7M1 - -l 29| - -
I 1st 57 [61] 5| 7|19 5| 2 11 | 713 -| -| -| 18 9
2nd* 57 4|10 | 28| 18] 16| 25 11 | 73 -| 18 -| - 9
2nd** 67 1( 3116}30] 19| 30 7 71 -1 -1 141 14 -
3rd 67 116 |27] 13| 22| 19 7 |57 14| - 14| 14
I 1st 57 | 58 |12 |12 7| 9| 2 11 | 73] 9 9] - - 9
2nd* 57 4110 (28| 18| 16| 25 11 | 73| -(18] - - 9
2nd** 67 3|10 (16|25 21 24 7T |71 -|14] -| -| 14
3rd 67 |10 |24 (12|16 18| 19 7T |7 - -] 14| -| 14
506-506-506| I 1st 483 |49 | 5 [11|15| 13| 6 | 771 | 52| 7|11] 14| 11 5
2nd* 483 |21 (10 [14 | 13| 17|25 | 771 (52| 6 12| 13| 12| 6
2nd** 457 |21 (10 |16 | 11| 18| 26 | 697 |52| 6 |11| 15| 12| 4
3rd 457 |24 | 9|15 13| 20|19 | 697 (49| 5|11| 18| 13| 5
II 1st 483 |44 |10 |12 (12| 14 9 | 771 | 48] 5|10| 14| 14| 9
2nd* 483 20 7120)21) 18132 J771 (46] 5 9] 13] 16] 11
2nd** 457 2 7120)22| 17|33 | 697 |48 6|10 11| 14| 11
3rd 457 6 110 |21 (22] 16|25 | 697 46| 6| 9| 12| 16( 11
111 1st 483 |40 |11 |20 |16] 9| 4 | 771 | 50| 8 |18| 14| 6| 4
2nd* 483 1| 6 (20|18 15(40 | 771 [49| 7 (18| 13| 8| 5
2nd** 457 2| 6 (21 (16| 17(39 | 697 |50 8 |17| 13| 7| 4
3rd 457 9 |15 |16 (11| 20 (30 | 697 |46| 6 |16]| 16| 10| 5
(Continued on next page.)
* 2nd blood readings were obtained when 1st and 2nd bloods were tested simultaneously.
** 2nd blood readings came from either 2nd and 3rd blood tests or 1st, 2nd and 3rd blood tests.
*** Less than one-tenth of 1 percent.
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STABILITY OF ANTIBODY TITERS

Table 71 Continued

Vaccinated Control
Lots by Virus Type 5
and Bleeding I8
Lot Type|Bleeding |} "2 0 T P opomp oy g s b o T

507-507-307( I 1st 121 { 59 24§ 5{ 11| 17| 6 96 | 571 5| 6] 10] 9} 11
2nd* 121 (31 (10| 7| 8| 16] 29 96 | 56 5| 6| 8f11| 12

2nd** 133 | 29| 8| 8| 8| 18|30 ]101 | 56| 4| 8] 6]13| 13

3rd 133 1 29| 3110 16} 20| 23 | 101 (52| 5| 9| 6161 12

i 1st 121 | 57 6 5] 13| 13 96 | 57| 4| 4 7|12] 15

2nd* 121 71 71151 19 121 40 96 | 55 4] 4| 5]20] 11

2nd** 133 8| 6|14 17| 15|41 ) 101 [ 56| 4| 4| 6| 18( 12

3rd 133 | 10| 9)15| 20 19| 28 | 101 | 50| 7| 7| 8(|14( 14

1 1st 121 | 61| 6| 3| 14| 10| 6 96 | 62| 3| 6| 8|11 8

2nd* 121 6| 9|21] 16| 12| 36 96 | 58| 4| 6] 10|11} 9

2nd** 133 5 9118/ 17! 17(35)101 |59 5| 7110110} 9

3rd 133 | 20 (14 |14| 15| 14| 24 | 101 | 55| 6| 9| 6| 11| 13

507-507-309 | I ist 233 (43 6| 9( 1318111233 | 50| 5| 617115 7
: 2nad* 233 | 21| 6| 6| 8| 16| 44 | 239 | 47| 5| 8| 17(15] 8
2ng** 199 | 25| 7] 9| 9| 17|34 | 206 | 51| 6| 8]16|14]| 6

3rd 199 (25 7 ([ 7{11] 22|29 J 206 [48]| 8| 4| 17[12] 11

it 1st 233 (53| 3| 9| 14|10 11 239 | 56| 3| 5(10(10] 16

2nd* 233 15| 9112 13( 16134 [ 239 [ 55 3] 4112 9( 18

2ng** 199 | 15|12 (12| 17| 15| 29 1 206 | 55| 4| 7| 13| 11] 10

3rd 199 | 18|10 (15| 18| 16| 24 | 206 | 45| 8| 4| 14| 15| 14

m 1st 233 | 43| 8 |20] 16| 9| 4| 239 | 57| 5(12]17( 7| 2

2nd* 233 | 2212 | 8| 11| 22| 25 | 239 | 56| 5 (12|18 7| 2

2nd** 199 | 24 (12 | 7| 15| 19| 24 [ 206 | 57| 4 (1217 | 8| 2

3rd ‘| 199 | 35| 5| 7| 22| 17|15 (206 | 52| 3|14 |18 |10| 2

507-507-507( I 1st 608 |51 3| 8} 13| 15]) 10 | 907 | 53 3 6| 11{16] 10
2ng* 608 | 46| 4| 7| 14| 17| 13 | 907 | 52| 2| 7(12]|15] 11

2ng** 414 [ 46 3 ) 7)14) 18].13 | 577 | 54| 4 ) 6] 11]15] 10

3rd 414 | 44| 5| 7} 1311715 | 577 | 50| 3| 7| 14]12) 15

i 1st 608 [ 63| 61 4] 6| 8|12 | 907 | 62| - 5| 4| 8] 9| 12

2nd* 608 (49|11 | 9y 7| 7{17 907 |61 5| 4| 7|10} 13

2nd** 414 | 48 (12 |11| 7| 7|16 | 5771 | 62| 5| 6] T 9] 12

3rd 414 | 49|10 ) 8| 8|e10) 16 | 577 | 54) 5| 5| 7T |12]| 18

1 1st | 608 | 61| 4| 8| 11| 8| -7 (907 | 60| 5| 9|11 7| .8

2nd* 608 | 45| 9| 7| 71120 | 907 | 59| 5| 8|11| 8| 8

2ng** 414 (40|10 | 8| 8| 14|19 | 577 | 63| 4| 8|12 T| O

3rd 414 | 45| 6 |10| 12| 12| 16 | 577 | 58| 3 |11 | 12| 7| 8

(Continued on next page.)
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Table 71 Continued

Vaccinated

Lots by Virus Type
and Bleeding

Control

Lot Type | Bleeding
508-508-307( I 1st 18 | 61 - | 17| 17| 6| -~ 9 | 56| 44 - - - -
2nd* 18 [ 28| 17| 11] 11| 11] 22 9 |89 - -1 11 - -
Ind** - -
3rd - -

I 1st 18 | 50| -|22| 11| 11| 6 9 | 44| -| -| 22] 33 -
2nd* 18 6 ~|17) 44 22] 11 9 | 44) - -] 33| 11] 11
2nd** - -
3rd - -

oI 1st 18 | 72|11} ~| 17| - - 9 (6722 -| 11 -1 -
2nd* 18 [ 22 11| 17| 22 17| 11 9 (67 11 - 22 - -
2nd** - -
3rd - -

508-508-309| 1 1st 208 | 487 T T)112; 15) 11 | 262 |46 4| 7] 16] 13| 14
2nd* 208 4| 3([15] 23| 14| 40 | 262 | 47 3| 9| 11| 18] 13
2nd** 206 4| 3([13] 20| 16| 43 | 263 | 48| 3| 8| 15| 15] 11
3rd 206 9115 17| 10| 13 37 | 263 [ 45| 5] 7| 14| 17) 12

1 1st 208 | 491 12 5] 14) 11| 9 1262 53] 6] 8] 9] 16| 7
2nd* 208 1] 1(12) 26| 24| 36 | 262 | 52| 8| 7| 13| 14| 6
2nd** 206 1[x** | 10| 24| 24| 40 | 263 52| 8| 6| 12| 151 6
3rd 206 1| 7116 21] 22| 33 | 263 | 48| 9 8| 13| 13| 10

s 1st 208 | 54| 8} 7] 17) 10) 5 } 262 [ 55| 6] 8] 16 8 1
2nd* 208 3| 9(19( 23] 15| 31 | 262 [ 53| 8| 7| 16| 11| 6
2nd** 206 3| 8|15] 24| 17| 33 | 263 53| 8| 91 13| 11| 5
3rd 206 9117 (17| 12| 19( 25 | 263 | 51| 5] 10| 19 8| 7

508-508-508| I 1st 357 | 46| 9| 8) 18 12| 7 | 487 |43 7|12 16] 14| 8
2nd* 357 | 13| 10| 11| 16| 20| 30 | 487 [ 38| 9] 12( 17] 14| 11
2nd** 290 [ 11] 9)10| 17| 22| 32 | 342 |34| 8| 12] 17| 16| 13
3rd 290 | 11| 10|12 17| 21| 30 | 342 | 30| 7|12| 17| 18| 16

11 1st 357 | 45] 8| 8| 12| 15| 13 | 487 | 43| 10| 10| 15| 12] 10
2nd* 3517 3 516 19] 22| 36 | 487 | 39| 9| 11| 14| 15| 12
2nd** 290 4| 3|10| 18| 22| 43 | 342 (33| 8 (11| 14| 17] 17
3rd 290 4] 6| 9|20 19| 41 | 342 | 28| 9|11| 13| 19| 2

i 1st 357 | 47| 12 |14 10| 11| 6 | 487 | 49| 10| 16| 16| 6] 3
2ngd* 3517 9 12| 17| 15] 20| 28 | 487 | 45| 8| 18| 16| 8| 4
2nd** 290 611 (17| 17| 16| 34 | 342 (45| 8| 19| 14| 10| 5
3rd 290 [ 11| 13 |13 16| 15| 31 | 342 (39| 9| 17| 18| 11| 6

* 2nd blood readings were obtained when 1st and 2nd bloods were tested simultaneously,

** 2nd blood readings came from either 2nd and 3rd blood tests or 1st, 2nd and 3rd blood tests.

*** Less than one-tenth of 1 percent,
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Briefly, the data of Tables 70 and 71 indi-
cate the tendency of titers, five months after
vaccination, to shift to levels lower than those
in the early post-vaccination period, produc-
ing, thereby, an increased aggregation of sera
with titers of 4 to 16; with Type III the decline
is greater so that a significant excess of pre-
viously positive titers is reported after five
months to be less than 4. In the gross data
major differences between lots are not readily
observed, although there is a suggestion that
the shift to lower but positive titers in third
specimen is more frequent with the lots of
better potency; this might be expected be-
cause they stimulated a larger proportion of
subjects to antibody production. Generally,
the Type II titers were the most stable with
any lot. The greatest decline and the greatest
evident variation in durability of effect be-
tween lots is observed in Type III titers.

Generally with Types I and II; regardless
of the original antigenic effect, an additional
4 to 5 percent was added after five months to
the results reported as negative two weeks
after vaccination. With Type III, additions of
10 to 12 percent to the negatives were not un-
common, sometimes doubling the proportion
present in the second specimens. Results re-
ported from tests of comparable control sera
usually showed a decrease in the proportion
of negatives in the third sera.

It was mentioned earlier that during the

five-months period between the collection of
the second and third sera while recessions in
titers from positive to negative status were
occurring, accessions to positive status were
also reported; 10 to 20 percent of the total
vaccinated segment from placebo areas who
had no antibody to a given type of virus in the
second specimen of serum were reported
positive in the third serum (Table 77). Many
of the titers so reported were of high level
and the frequency was considerably greater
than in the controls. This frequency accord-

ing to type was proportionate to the total an- *

tigenic efficiency of the type: II, OI, I. The
results suggest that type-specific rises in
antibody took place in these persons during the
period’ between two weeks and five months af-
Yer vaccination. It is also possible that they
represent persons who had minimal responses

to vaccine but had received a hooster effect
from natural exposure. These late responses
are also seen to be related characteristically
to antigenic potency of lots and their type
components.

Tables 72 and 73, prepared from the de-
tailed lot tabulations, present groupings of
lots according to relative antigenic effect by
virus type for vaccinated children who were
bled in placebo and observed areas. Initial
response in persons without type-specific
antibody prior to vaccination and secondary or
delayed response in persons who did not re-
spond initially seem to follow fairly closely the
defined categories of relative antigenic effect.
This is more concise for TypesI and II in
placebo areas and for Type II in observed
areas; for Type III in placebo areas and Types
I and II in observed areas, the pattern is less
distinct but even here the secondary or de-
layed response is greater for the good lots
than for the very poor lots.

For Type I in placebo areas and Types II
and II in observed areas, the extent of re-
gression to negative status after having at-
tained positive status is less for the good lots
thanfor those of less original antigenic effect,
The extent of regression for Type I in ob-
served areas is essentially the same for all
lot groups (14 to 20 percent); for Type HI in
placebo areas it ranged from 20 to 28 percent
andfor Type I in placebo areas it ranged from
9 percent in the good lots to 24 percent in the
fair lots with no regression among the few in-
dividuals whosresponded to the very poor lots.

Inapparent Infection

In addition to determining the persistence
of antibody after vaccination it was hoped that
some estimate of the frequency of natural in-
fection during the poliomyelitis season might
be gained by comparison of the antibody titers
in control subjects before and after the polio-
myelitis season. As previously noted, in the
total compilations, changes from positive to
negative and from negative to positive be-
tween the first and second titers of controls
were of essentially the same magnitude (5 to
6 percent) indicating that they were largely
attributable to laboratory variation. Changes
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Table 72
LOT GROUPS ACCORDING TO RELATIVE ANTIGENIC EFFECT, BY VIRUS TYPE
PLACEBO AREA LOTS*
18t Serum <4 lst Serum 4 & 8 15t Serum 16 15t Serum 84 or >
Lot Groups Antibody fo sPe?med Type ‘o Specilied Type to sPECxT?:i :l‘)pe to Spcimed Tyse socomary |REtUT 1o
by Virus Type Levels g CONAATY | N ogative
Response
goes Status
Fawen
Type It
Good Lots <4 6 r 2 - - - - - - - - - - - - 1 - - - 1
{304 only) 4u8 9 3 3 2 1 -] -] - PO I - 1 -]t ]- -
16 27 4] 12] 10 1 4 - 2 f2] - FO I B - O N R -] saus 33.3 s.0
64 or > 5 3| 12| 5| 35 6 | - 2 [2] 2 8 -] - |- 8124 [ 1] 2 |5 s
Total 7 | 4| 29 | a7 3| | -| 4 |5]| 2 8 |-| - |- af 126 [ 1] 3 |5| 7
Moderate Lots <4 58 | 45 8 4 1 g |6 - [2] - [ I O - O I A R -
{306, 308) 4¢8 53 | 21| 26 2 4 T3] 2 1] 1 4 1)t ) 1 R I R -1
16 72 | 10| 33| 23 s 13 | 2| 2 |6] 3| 12|01~ |8 3 4 | -] - |2 2| 824 22.4 11.8
sdor>| 147 1| 14| 39 3| 28 | -| 1 (8] 19| 24 [-| v || 22185 [1]| - | 7| 147 i
Total 330 | 97| 81 | e8| 104 | 56 |11 | 5 |17 23| 41 [2] 3 [w0]| 26] 160 | 2 5 | 149
Fair Lots <4 287 |263| 13 1l w0 O O I IR 5 05| - |- B I I EO R I 1
{505, 512, 514) 4¢8 152 | 93| 39 | 10 10 a |- 3 -] - [ R I - 2 [ -1 |- 1
16 14 | 38 7 | 62| 13 2 (- 1|y - 6 (1| - |2 3 s (|7 |58 2| 667 8.4 24.1
6dor> [ 240 e 17| o8| 147 | 44 | 1| v | 3|39 67 [-| 1 [8] 58| 432 | 2 [ 1 [8] 42
Total 863 [402| 140 [141| 180 | so [ 2| 5 | 4| 39| 8 [6]| 1 |10 61| 464 |15 [ 5 |15 [ 425
Roor Lots <4 £ 1 - - 8 - - - - - R R - - - - - -
(302 only) 1¢8 23 8 9 2 2 9 | 1|6 [-| 2 U N I - -] -] - -
16 9 - 5 2 2 2 | - v [ - -0 - |4 3 2 | -] - |- 2| 36.4 9.5 22.2
§4or> 6 B 1 3 2 - - -] 1 8 1| - |2 s| e | - | - |3 87
Total 99 | 65| 15 |l 12| w2 [ 7 [ 1] 3| 18 |2]- (6 8| 92 | -| - [3] 89
Very Poor Lota <4 2 23 - - 1 - - - - - - -1 - - - - - - - -
(503 only) 488 1 - 1 - N 2 1 13 - - |- - 1 - - - - - -
16 3 - 1 2 - EI N I T 2N DO I N - | I I N IS - 172 4.2 0.0
84 or> 1 - - - 1 I N 4 |- - |1 3l 23 | - - 2] 2
Total 29 | 23 2 2 2 s | 1| oz [2f - 5 (- - |2 3| o | - - 3] u
Type IL:
Good Lots <4 s5 | 38 4 7 6 3| -] 2 (1] - U I I 1 N O B -
(304, 514, 512, 428 85 | 31| 46 4 4 w0 [ 4] 2 | 4] - 3 |-z [1 - 6 [ 2] 3 (1 -
308, 306) 16 241 | 14]-102 [ 100| 25 T o2 [3] 1| u |1] - | 3( 1 [3] 5 |5 1] 944 30.9 5.8
sdor> [ 608 9| 54 [189) as6 | 108 [ - | 3 |18 | 87| 65 [-| 1 |8 7] 505 [1]| 2 |12 450
Total 989 | 92| 206 [300] 391 [ 126 | 5| o [26[ 8| 103 |1 [ 3 |15 | so| 525 | 6 |10 |18 491
Moderate Lots <4 26 25 1 - - - - - - - - -] - - - 2 1 1 - -
{505 only) 46 36 22 12 1 1 - - - B - - |- - - - - - - -
16 83 9| 35 | 35 4 a |- 3] - 3 -] - |3 - 4 1|1 |- 2| 914 3.6 12,2
shor> | 159 3 v sz} osof ae | -] < bafas) o j-fy ba)owhoag |- - 12 202
Total 304 | s9| 62 | 88| 95| 23 | - 1 [6) | 22 |- [4] 17| 210 | 2| 2 [2] 204
Fair Lots
(None)
Poor Lots <4 44 | 40 3 - 1 [ T I I P I I - 1 - - -
(302 only) 488 23 7| 12 2 2 4 1| - [ 2 - - -] - - [ -
16 18 1 6| 10 1| e | - 3 [8f 1 2 |-~ |- 2 T I A Y -| s3.2 9.1 16,0
610r> 9 - 1 3 5 9 | - | - |z2| 7| 12|~ - [2] wf 8 |t |t [4[ 78
Total 94 | 48| 22| 15 o 2¢ | 2| 3 Jo|w| W [-|- |2| 2] 87 | 2|1 |6]|
Very Poor Lots <4 23 21 2 - - 1 1 - - - B I I - - - . - - -
(503 only) 4&8 3 2 1 - - 1 - - - - |- - - - - - - - -
. 16 1 - 1 - - v -] - |- U I I T - N 20,7 8.1 33.3
64 or > 2 - 1 - 1 1 - |- 4 (-] - |- 4 25 | - - [1] 24
Total 29 | 2 5 - 1 4 1 |2 - 5 |- [ |- 4] 25 | -] - [1] 2
Type II:
Good Lots <4 31 | 28 - 1 2 [ 1] - - 1 - - - -
(304, 514) 468 89 | 63| 22 2 2 1] - -] 1 - - - - -] -] -
16 186 [ 42| 15 [ 41 8 3l -] - 2] 1 4 |- - |4 - 2 | 1|1 |- <] ez 9.7 2.3
64 or> w3 | 12| a9 | se| 66| 41 | - 2 [ -[a3s| 72 {-[1 (3] e8f 06 | 2] 2 (1][102
Total 459 | 145 | 136 |wo| 98| a5 | - | 2 [ 2| 4| 7@ |-| 1 [7] se| 208 J2| 3 |1[ 102
Moderate Lots <4 127 (107 12 4 4 s 2] 1 |1] 1 JO O I - 2 2| - |- -
{308, 505, 302, 488 185 (108 | 60 | 11 g 10 3] 5 |2 - B |6|2 |- - K i
512, 308} 16 323 | 79| 124 [ S2| 28| a2 | 4| 7 (18| 3) 19 |-[5 s| w0 [3 |4 |2 1| 88.0 15,7 22,0
sdor> | 424 | 20| 82 Juar | w8r | 77 | -| 2 |11 | 64| 150 |2 [ 2 |7 46| 445 [ 2| 5 (8432
Total |1,059 |312| 278 | 248 [ 221 [ 124 | o | 45 |32 68| 187 9| o |16 | 153 | 464 |10 |12 | B | 434
Fair Lots
(None)
Poaor Lots <4 11 10 - - 1 - - - - - - -1 - - - - - - - -
{503 only) 458 6 2 4 . - - - . - - - |- - - - - - -
16 5 1 3 1 - N I -] - |- 1 1 - - | -| 517 9.1 20.0
§40r> 4. - 1 2 1 3 [ - || 2] w |- |2 T 02 [ - - 1|2
Total 2% | 13 8 3 2 3 [ - - 1) 2f -] |2 8| 2 | -| - [2] 2
Very Poor Lots
(None)
* All three specimens of sera were tested simultancously.
“Relative antigenic effect”: Sce Glossary,
Lot groups defined according ta relative antigenle elfect as followa:
Good - 90%or>
Moderate - 75 to 89%
Falr - 5010 4%
Poor - 25004%%
Very Poor - <25%
#* <4 1n 18t serum, 4 or> in 2nd serum (%),
**2 <4 in 15t and 2nd sera, 4 or> in 3rd serum (%),
<4 fn I8t serum, 4 or> in 2nd serum, <4 In 3rd serum (%).
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Table 73

FIRST BY SECOND BY THIRD SERUM TITERS OF VACCINATED CHILDREN BY
LOT GROUPS ACCORDING TO RELATIVE ANTIGENIC EFFECT, BY VIRUS TYPE
OBSERVED AREA LOTS*

1at Serum <4 18t Serum 4 & 8§ 18t Serum 16 15t Serum 64 or >
Lot Groups | Antibody to Specilied Type to Specified Type to Specilied Type to Specitied Type Inttial | secondary g?::rvz:
by Virua Type | Levels % SOrE; ™) o i) ¥ mTiters | 208 im Xaera |Response | Response s‘gzl“
; ; Sex goe Goon Gosve
Type I
Good Lots <4 9 ] 1 - - R I - R I R - R T S -
{506-309, 508-309)] 4 &8 11 1 2 - 2 -] - - [ [ U - O I T -
16 21 6| 16 3 2 3 1] 1 -0~ - - - - - -{ st3 m.1 4.9
64 or> 56 1 13 f 26| 18] w2 |-} -] 1] n g |- - 11 ) |-l -]-]
Total 103 [ 22) 32 29( 200 18 [- 2 [ 2{ 12 g (-t {1 il ny-p - -l m
Moderate Lots <4 2 18 1 2 2 - f- - - - [ I - - - 1-1- |- -
{303, 307, 305-307| 4 &8 2 |15 1 2 1 3[-] 2] - 1 -1~ (- 1 1 - 1
15 34 s 15| 10 4 51-1 211 2 2 |- - |1 1 -l - - -] B35 21,7 19,8
64 or > 53 3| o 1 5| 14 (- 2[4 g 2t -~ s zpaor ol - lal02
Total 199 | ar| a1 | 25| 32 22 |-} e {5 | m| 30 |-|« 4| 26] w08 |x| - |5]|103
Fair Lota <4 253 | 233 1 2 n [ - - - -1 - - - - 1- -
{303-307, 305, 468 m | sz] 44 7 8 s |2 2|1 - 2 (-1 | - -1-1- |- -
506-307, 508, 16 1 [ 16 55 72| 18 9 (- 6 [ 2l n - {n - 401 21 63.9 7.9 15,4
502-309, 506, 64or> | 175 10 15 sthaez) se (- 1 s 48] a2s [-1 1 a4 | w0} seT ja) - |6 | 540
502-307} - Total w0 302 12 ja3g Jaasf 79 Y3l 9 Jarf sofume -l 2 Jee Juo)sst Jafu f7| 542
Poor Lots <4 60 | 53 - 1 6 -1-1 -] - - I R - - |- -
(507-309, 507-307)| 4 &B 19 8 5 H 4 - - - - - PO A - [ I -
16 15 3 3 8 1 - 1- - - N - -] - -| 406 1.7 18.6
&4 0r> 25 - - o w2 - -1t )l [l ] 1s) e I A A 11
Total 19 | 64 g 1) 3o 2 -0 - Vol ] oz |-le Jof 5| esf-§- (-] e
Very Poor Lots <4 0T {1z 2 - 3 - f- - - - P - N D I -
(507 only) 4u8 5 2 3 - - Y R S T - O I BT I - -1-1- |-
16 3 - - 1 2 - -l 3 |7 3 sf-]- 12 10,7 4.3 14.3
64 or > 6 - 1 1 4 4 |- -1- af. |- s T 99 f-1- 3]
Total 131|114 6 2 9 s -] 1] - 4] 25 |-]s o] 10| w0 |-| - |s]| 98
Type It
Good Lota <4 53 | 42 4 3 4 - (-1 - - - N S - 301 - {2 -
(303, 307, 506, 458 74 | 290 33 8 4 g 1l s 1 1]-1- | - [ I A -
508-309, 508-309, i8 218 | 14| 96 (138 351 8 (1| » |16 5 s 1-12 [ 2 s -]z j. 3] s 20,8 5.8
507-307, 305-307, | 64 or> | 486 61 46 las7)2m7) 6 [~ 2 0ae | e8| 1s |- 1 |6 |108]| 628 |-} - [4]620
505-307, 508, 305) | Total 891 o1 | 179 301 | 320) 455 f2 ) 16 [35 Jroz ) k21 -] 3 [8 J10) 636 | 1] 2 [6]e27
Moderate Lota <4 21 | 14 1 1 5 [ e - - )- - - Sl el -
(502-309, 303-307, 448 sz {13 15 3 1 EO - I B S - B IS e I -
502-307) 16 30 1 8 1 4 2 (-] 1|1 - <l - - - Sl |- -1 es8 3.3 16.5
B4or> 65 3 41 28| s -] -] - s) s b)) Jz) 32 |-) - |1 ]
Total Mg |95 | 28| 41| 44 1 1|1 s o [of- 2] 13]102 - |1 ]
Fair Lots’ <4 21 |13 1 4 3 [ I O . - - . I R .
{507-309) 4z 15 4 [ - 5 . - - - -1 - - - - |- -
16 14 3 s 3 3 - - - - IO I I - 1]-]- - 1| 7z 38,1 15.4
€4 or > 2 1 1 T u s f-f -1 2| w |[-[- [z 8| 40 2 - [1 ]| 37
. Total s ) 13 w5 3 -] 2] w0 |-1- |2 al a1 |2 1| %
Poor Lote
{Only Lot 502 -
100 lew cards '
to tabulate) N
Very Poor Lots <4 128 |11 5 2] 10 vl -] - - - - - z |- |- 1
{507 ondy) 458 2 |u q 1 3 s 1) 3 11 - - -] - - - - 1-- |- -
16 17 3 9 1 4 6 |- 2|2 2 4 |-1- 14 - 2 (-(-1- 2[ 26,4 3.3 30.4 .
64 0r > ] - - 4 2 - -] 2 8 |- - |2 6| 60 |- - |1 s9
Total 174 (125 | 22 8 | 19f 15 [2] 5 {4 4 12 [-{- |8 6 64 (1 (| - 1| 62
Type I: "‘
Good Lots <4 48 | 30 4 3 2 ==l - - - - |- - 2 (1] - [t -
{508, 305, 506-308,) 4&8 10z | 53| 39 2 B 5 1-] 4] - 1 2 )-] - ]2 - 1 - 1 -
508-309, 305-307, 16 257 | 45| o9 | o4 | 19| 20 |3 & (2 0 9[-l |4 4 (- - |- 3 9us 18.8 17.5
506-307, 507-307) | S4or> | 326 | 22| 64 | 125 ) ms| 102 [-f o | o e ) ues -] 1 |3 |16a| 449 |3] 1 |7 ] 440
Total 733 |159 | 205 | 224 | w4 | 136 [3 | 21 [21 | 91| 160 [-[ 3 |9 fu6d [ 455 [z £ {9 [ 4ds
Moderate Lots <4 | e 1 1 2 RO I R - 1)-]1 }- - [ I I .
(502-307, 303, 307,| 448 41 | 23| 32 1 5 6 (3 2|1 - B B I - - - 1- - .
508, 303-307, 502-] 18 8 | 18] 2] 23 17 7)-] 24 1 2 [-) - |1 1 2 0-1 |- 1| &1 8.1 22.8
309) 84or> | 105 110 12{ 28| s5| 29 [-| - [ 9| @6f 2 j-[ 1 [u [ 60| 181 [-f - (21280
Total 212 | o3| sy | ss| es)| 42 (3] 4 [ 8| 20| 65 2 (2] 61| s | -1 2] 1e0
Fair Lots
{only Lot 508307,
100 lew cards
to tabulate)
Poor Lots <4 27 28 - - 1 - |- - - - |-1 - - - P A -
{507-308) $69 15 1 5 1 2 I I D - -] -1 - N -
16 [] 4 2 2 - = 1-1 -1 - - (-1~ - H ~ -l - - - s0.0 3.7 4.4
Sor> 4 1 - - sl |- -]« 7] 25 -] 2s] 86 || - a1 34
Total 54 | 8 T 3 g1 1 {-] - |4 e 2 -1 - Y- 2] 38 1) f1] %4
Very Poor Lots <4 109 ] 100 1 - 8 1 - 1 N - - {-1 - - - <~ - - - -
(507 only) 48 20 | 13 5 2 - st s - 1 1 |-f1 |- - ~ - -t -
16 1 6 5 6 - 1)-] -1 - 4 (1] -2 1 [T I B -] s0.8 8.3 417
Sfor> 11 1 1 5 4 4 (-1 -] . 4 2 - - I3 oasf )] - 1] es
Total 157 |120) 12| 3| 2| u 1| 4] 5 11 [s | ] m|1] - [2] es
* All three speclmens of sera were tested simultancously,
“Relative antigenic effect”: See Glossary.
Lot groups gefined according to relatlve antigenic effect as follows:
g Geod - 90%or>
& Moderate - 751to 89%
Fair ~ 5010 %
Poor - 25t045%
Very Poor « <25%
** <4 in Ist serum, 4 or>in 2nd serum {%).
#9494 In Ist and 2nd gera, 4 or > In 3rd serum (%). - 189
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STABILITY OF ANTIBODY TITERS

of the same degree were noted between the
second and third specimens. Analysis of data
for control children who were reported to have
no antibody to any type of poliomyelitis virus
in the first and second specimens revealed
that 5 percent had changed from negative to
positive to one type or another in the third
specimen, The compilations of titer changes
among the triple negatives contained, there-
fore, approximately the same technical varia-
tions as noted for the total data.

It was not possible from these data, there-
fore, to separate natural from technical in-
fluences upon the reported antibody titers.
However, changes in the titers of control
children which are found to be in excess of the
indicated technical variation may provide an
indication of subclinical infections.

Increases in Titer Among Controls Without
Type-specific Antibody Initially: Reference
was first made to results obtained when the
three specimens (pre-clinic, two-weeks-post-
clinic and five -months-post-clinic) were tested
simultaneously by the laboratories. A tabu-
lation was made of the increases in titers to
each type of virus observed with specimens of
control persons who had no antibody to the
specified type of virus in the initial specimen;
the data are presented in Table 74. Using
the Type I data in placebo controls as an ex-
ample, it is seen that of 1,439 subjects re-
ported with titers of less than 4 originally,
110 were reported positive in the five-week
(second) specimen and 62 of them, 4.3 percent
of the total, with titers of 16 or greater. Of
the 1,329 whose titers remained negative in
the second specimen, 98 were reported to be
positive in the third specimen; 64, or 4.4
percent of the total, had titers of 16 or great-
er. It seems quite unlikely that the extent of
reported change in the five weeks between the
first and second specimens could be related
to infection, particularly when during the next
five months the reported increases are of the
same order of magnitude. Rather, it suggests
technical error in the initial readings in that
87 percent of those reported positive at levels
of 16 or greater in the second specimen re-
mained so in the third specimen. Of the 48
reported to have titers of 4 or 8 in the second
specimen, 23, or 48 percent, were again re-

ported with titers of less than 4 in the third.
The results with Types I and III ‘in placebo
controls are of the same general order
(Table 83).

If increases of titer from less than 4 to
256 or more are considered, there is no dif-
ference between the frequency of occurrence
between first and second or second and third
specimens with Typel and there is a decrease
with Type II. With Type IO, 16 percent of
those becoming positive between first and
second specimens rose to a level of 256 or
more, while 48 of the 110 reported to have
developed antibodies between second and third
bleedings had titers of 256 or more. This
may indicate inapparent infection but at most
represents only 3 percent of those in the
series without initial antibody.

The data from observed controls indicate
a somewhat smaller frequency of increases
to 16 or greater between the original and five -
week titers but distinctly greater percentages
of increases between the five-week and five-
month titers. Moreover, the percentage of
reported changes in titer from less than 4 to
256 or greater increased sharply between the
two-week and the five-month bleedings as
compared with changes of this extent between
the first and second titers. The percentages
with titers of 256 or more among those first
reported positive in the second and third sera,
respectively, were 19 and 30 for TypelI, 15
and 42 for Type II, and 10 and 39 for Type III.
These high levels, while small segments of
the total, may again be indicative of inapparent
infection but are not clearly differentiated
from laboratory variation.

Changes in Titer Among Controls Without

Reported Antibody to Any Type Initially: The
titers of controls reported to be without anti-
body to any of the three types initially were
analyzed in the same fashion as the type-
specific negatives. The numbers involved are
smaller but the results presented in Table 75
are essentially parallel to those of Table 74.

If the changes in titer from less than 4 to
16 or more in the five months interval be-
tween the second and third specimens were to
be considered totally natural occurrences, it
would indicate a 2 to 4 percent infection rate
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Table 74

ANTIBODY STATUS IN SECOND AND THIRD SERA OF CONTROIL CHILDREN
WITHOUT TYPE-SPECIFIC ANTIBODY IN FIRST SERUM, BY VIRUS TYPE
PLACEBO AND OBSERVED AREAS

Antibody Status

Controls in
Placebo Areas

Controls in
Observed Areas

No.< 4 in 1st Serum - Total
2nd Serum Titers
<4 1,329 | 1,308 | 1,457 1,545 | 1,615 | 1,666
4&8 48 48 42 46 78 60
16 11 19 30 19 23 28
64 16 14 33 14 27 16
256 19 16 16 12 17 5
1024 16 20 4 6 6 6
No. 4 or> 110 117 125 97 151 ] 115
% 4 or>* 7.6 8.2 7.9 5.9 8.6 6.5
No. 16 or> 62 69 83 51 3 55
% 16 or >* 4.3 4.8 5,2 3.1 4.1 3.1
No. 256 or > 35 36 20 18 23 11
% 256 or>* 2.4 2.5 1.3 1.1 1.3 0.6
16 or >as % of 4 or> 56.4 ( 59.0( 66.4 52.6 | 48.3 | 47.8
256 or> as % of 4 or > 31.8 | 30.8 | 16,0 18.6 | 15.2 9.6
No, <4 in 1st and 2nd Sera - Total 1,329 } 1,308 | 1,457 1,545 | 1,615 ) 1,666
3rd Serum Titers ’
<4 1,231 1,216 | 1,347 1,409 | 1,406 | 1,505
4&8 34 45 35 37 56 30
16 16 14 i 25 35 28
64 17 11 20 33 30 40
256 21 8 26 29 61 36
1024 10 14 22 12 27 27
No. 4 or > 98 92 110 136 209 161
% 4 or >* 6.8 6.5 7.0 8.3 ] 11.8 9.0
No, 16 or> 64 47 75 99 153 131
% 16 or >* 4,4 3.3 4.7 6.0 87| 7.4
No. 256 or> 31 22 48 41 88 63
% 256 or>* 2.2 1.5 3.0 2.5 5.0 3.5
16 or> as % of 4 or> 65,3 | 51,1 | 68,2 72.8 | 73.2 | 81.4
256 or> as % of 4 or > 31.6 | 23.9 | 43.6 30.1 | 42.1] 39.1
No. <4 in 1st, 4 & 8 in 2nd Sera - Total 48 48 42 46 78 60
% <4 in 3rd Serum 47.9 | 52,1 | 31.0 43.5 | 37.2 | 40.0
No. <4 in 1st, 16 or > in 2nd Serum - Total 62 69 83 51 73 55.
% 16 or > in 3rd Serum 87.1 ] 85.5 | 75.9 58.8 | 72.6 | 70,9

=

* Perceniages based on total number <4 in first serum.
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Table 75

ANTIBODY STATUS IN SECOND AND THIRD SERA OF CONTROL CHILDREN
WITHOUT TYPE -SPECIFIC ANTIBODY IN FIRST SERUM, BY VIRUS TYPE
PLACEBO AND OBSERVED AREAS

Controls in Controls in

Antibody Status

No. <4 to All 3 Types in 1st Serum -~ Total 774 774 774 789 789 789

2nd Serum Titers .
<4 731 730 733 755 744 740
4&8 15 12 8 13 18 24
16 3 10 10 7 7 12
64 11 7 13 5 12 9
256 7 5 8 6 7 3
1024 7 10 2 3 1 1
No, 4 or > 43 44 41 34 45 49
% 4 or>* 5.6 | 5.7 | 5.3 4.3 57| 6.2
No. 16 or > 28 32 33 21 27 25
% 16 or>* 3.6 4.1 4.3 2.7 3.4 3.2
No. 256 or > 14 15 10 9 8 4
% 256 or > * 1.8 | 1.9 | 1.3 1.1 1.0 | 0.5
16 or > as % of 4 or> 65.1 | 72.7 | 80.5 61.8 |60.0 | 51.0
256 or > as p of 4 or> 32.6 | 34,1 | 24.4 26.5 | 17.8 8.2
No.<4 to All 3 Types in 1st and
<4 to Specific Type in 2nd Serum - Total 731 730 733 755 744 740
3rd Serum Titers
<4 697 696 693 693 662 681
4&8 12 18 12 18 19 12
16 3 5 4 12 10 5
64 5 3 3 12 6 12
256 8 2 9 14 35 17
1024 6 6 12 6 12 13
No. 4 or > 34 34 40 62 82 59
% 4 or >* 4.4 | 4.4 | 5.2 7.9 [10.4 | 7.5
No. 16 or> 22 16 28 44 63 47
% 16 or>* 2.8 2.1 3.6 5.6 8.0 6.0
No. 256 or> 14 8 21 20 47 30
% 256 or >* 1.8 | 1.0 | 2.7 25 | 6.0 | 3.8
No. <4 to All'3 Types in 1st and
4 & 8 to Type in 2nd Serum - Total 15 12 8 13 18 24
%<4 to Type in 3rd Serum 46.7 | 41.7 |12.5 53.8 |38.9 | 37.5
No, <4 to All 3 Types in 1st and
16 or > in 2nd Serum - Total 28 32 33 21 27 25
% 16 or> in 3rd Serum 89.3 |93.8 |81.8 71.4 |77.8 | 80.0
16 or >as % of 4 or> 64.7 |47.1 |70.0 71.0 (76,8 | 79.7
256 or > as % of 4 or> 41.2 | 23.5 |52.5 32.3 |57.3 | 50.8
192
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for the several types in the placebo controls
without antibody to any type originally and 6
to 8 percent in the observed controls with
similar lack of experience. If, however, the
changes between the first two titers are con-
sidered to be primarily the index of technical
variation, then there is little evidence of in-
apparent infection among the placebo controls
because the percentage of change in the later
period is no greater than technical variations
would account for. In the controls of observed
areas in this series, however, a considerable
excess, 3 to 5 percent over presumed techni-
cal variation, occurs during the five-month
period. Granting that the observed controls
included in this series may be more largely
drawn from the southern states in comparison
with the northern placebo states, the resuits,
so similar for all three types, would indicate
quite a high rate of inapparent infection even
though the study areas were.selected because
of continued high incidence of poliomyelitis.
It would point to an accession of approximate-
ly 5 percent positives per year for each type.
This is not, however, out of keeping with the
50 percent positives among study children.

One of the difficulties encountered is that
this group is reduced by various factors so
that it may not be truly representative of even
the original collection, Moreover, the re-
sults are those combined from different areas
and from various laboratories with different
degrees of consistency in performance. One
can speculate as to inferences but firm con-
clusions are not indicated from the data.

Relation of Titer Changes in Controls to
Occurrence of Type-specific Cases in Specific
Areas: Attention was then directed to the se-
rological results reported by single labora-
tories which served specific study areas both
for examination of the specimens of serum
and for the study of case specimens., In this
material inter-laboratory variations are
avoided and the alterations encountered in ti-
ters among the control segment which was
tested could be reviewed in relation to the oc-
currences of cases from whom poliomyelitis
virus was recovered and identified by type or
cases identified serologically. Areas of com-
paratively ‘high prevalence of laboratory-con-
firmed poliomyelitis were chosen for review.
Table 76 presents summaries of observations.

Nassau County, New York, had 15 labora-
tory-confirmed cases of poliomyelitis in the
placebo controls; 14 of them were Type I. Of
the paired second and third bloods tested
among the controls 17, or 6.1 percent, showed
changes in titer from less than 4 to 16 or
greater against Type I, while 2.6 and 3.2 per-
cent were reported with similar increases to
Types II and IlI, respectively.

In Utah the dominant virus was Type III,
Although only a small number of paired sec-
ond and third control bloods were tested, it is
seen that half of them showed increased titers
to Type IO, $while five showed increases to
Type I and only-one to Type II.

In Jefferson County, Kentucky, Type III vi-
rus was also the dominant virus. Twenty-six
percent of the control sera showed changes
from less than 4 to 16 or more to Type I, 12
percent to Type II, and 2 percent to Type 1.

Harris County, Texas, had 10 Typel, 6
Type 111, and 1 Type II cases. The frequency
of increases was highest to TypeI, 17 per-
cent, but that for Type Il was 14 percent, while
Type III was 9 percent. In this instance the
proportion of Type II conversions was not in
line with the frequency of identified cases
associated with that type.

In Broward and Palm Beach counties of
Florida 5 Type I cases and 1 Type I case
occurred in the controls. Here 19 percent of
the controls tested changed from less than 4
to 16 or more against Type I, while 5 and 8
percent showed this change to Types II and
I, respectively.

In Shelby County, Tennessee, there were
7, 2, and1 virus-positive cases of Types I, II,
and I, respectively. Reported conversions
from less than 4 to titers of 16 or greater
among the 'non-case' controls, however, were
greatest for Type II, 27 percent, and least
for TypeI, 7.5 percent. In St. Joseph Coun-
ty, Indiana, the dominant virus was Type I
and conversions for Type I were slightly more
frequent than for Types Il and III.

Although it is not possible to evaluate the
numerical significance of the relationship be-
tween values of reported titers and virus
typed cases, it seems clear that the fre-
quency with which a specific type of virus was
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Table 76

LABORATORY CLASSIFICATION OF REPORTED CASES IN CONTROLS
AND CHANGES IN SERUM TITERS OF "NON-CASE" CONTROLS
BETWEEN SECOND AND THIRD BLEEDINGS, BY VIRUS TYPE

SELECTED STUDY AREAS

2nd Serum Titers<4 of "Non-case'" Controls

Reported
Cases in
Controls

Laboratory Classification
of Cases for Selected Areas¥*

Nassau County, New York
(Control population - 21, 581)

Type I 14 65 277 17 6.1 12 4.3 8 2.9
Type II 1 5 273 7 2.6 6 2,2 4 1.5
Type II - - 277 9 3.2 8 2.9 6 2,2
No Specimen - -
Indeterminate - -

Utah - 8 Counties
(Control population - 11, 815)

Type I 1 8 23 5 [ 21.7 21.7 4 17.4
Type I 2 | 17 23 1 4.3 - - - -
Type I 10 | 85 20 |10 | 50.0] 10 | 50,0 7 1 35.0
No Specimen 2 17
Indeterminate 3 25

Jefferson County, Kentucky
{Control population - 21, 289)

Type 1 3 14 96 2 2.1 1

1.0 1 1.0

Type 11 3 14 -106 13 12.3 10 9.4 7 6.6
Type OI 17 | 80 125 | 33 26.4| .30 | 24.0( 21 16.8
No Specimen 1 5 ‘ .
Indeterminate : 11 | 52

Harris County, Texas

{(Control population - 42, 771)

Type I 10 | 23 125 | 21 16.8 15 | 12,0 7 5.6
Type I 1 2 133 19 14,3 12 9.0 8 6.0
Type IO 6 14 162 15 9.3 10 6.2 4 2.5
No Specimen 3 7

. Indeterminate 2 5

Broward and Palm Beach

Counties, Florida .

{Control population - 11, 534) )

Type I 5 | 43 59 11 18.6 8 13.6 4 6.8
Type I - - 61 3 4.9 1 1.6 1 1.6
Type III 1 9 72 6 8.3 3 4.2 3 4,2
No Specimen - -
Indeterminate 2 17
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Table 76 Continued

£

Reported
Cases in
Controls

Laboratory Classification
of Cases for Selected Areas*

2nd Serum Titers <4 of "Non-case' Controls

Shelby County, Tennessee
(Control population - 23, 936)
Type I 7 29 67 5 7.5 5 7.5 2 3.0
Type I 2 8 70 9 12.9 8 11.4 4 5.7
Type IO 1 4 70 19 27.1 17 24,3 11 15.7
No Specimen 1 4
Indeterminate 5 21
St. Joseph County, Indiana
(Control population - 9, 080)
Type I 10 {110 59 13 22.0 12 20.3 7 11.9
Type II 1 11 79 16 20,3 13 16.5 8 10.1
Type OI 3 33 58 9 15.5 8 13.8 6 10.3
No Specimen 1 11
Indeterminate | - -

* Typed cases were virus-positive and/or serologically positive or probable.

identified in infection among controls and the
frequency with which other members of the
group were reported to have distinct changes
in titer between June and November, gives
support to the interpretation that at least a
real proportion of the changes result from
infection. The variations from area to area
also indicate that the distribution of virus
types is not uniform in extent irrespective of
their elicitation of clinical manifestations.
Rather, the data from these area studies
support the concept of limited channels of
spread. Jefferson County, Kentucky, was
largely affected by Type II virus; Doctors
Steigman and Lipton have said that the Type I
cases encountered in Louisville had all been
visitorsinTennessee, across the river, where
Type I virus was the usual one encountered.

Titers of Paired Early and
Late Post-vaccination Sera

Tables 77 and 78 contain a total compila-

tion of titers of the third blood specimens
(five-months-post-vaccination) in reference
to the titers obtained with the second or two-
weeks-post-vaccination serum from the same
persons. It will be recalled that some of the
tests were made with first, second, and third
specimens simultaneously; in other instances
the first and second were tested at one time
andthe second and third of a series at another
time, hence, for each subject a pre-vaccina-
tion titer was also recorded. No matter which
procedure was used, the titers presented here
are those obtained when the second and third
specimens were tested together and a specific
endpoint was recorded for both sera. Data
from the control subjects can be used to illus-
trate the intrinsic variations in the laboratory
results which appear to be unrelated to vac-
cination.

Several points of interest stand out in the
data of Tables 77 and 78:
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1. The percentage of persons with

STABILITY OF ANTIBODY TITERS

titers of less than 4 in the second
specimen who were reported to
have antibody in the third speci-
men is greater for all types of

TITER CHANGES FROM LESS THAN 4 IN SECOND
SERUM TO 16 OR GREATER IN THIRD SERUM,
EXPRESSED AS PERCENT OF NUMBER

LESS THAN 4 IN SECOND SERUM

virus, particularly Type II, ] —
among the vaccinated than among Poliomyelitis | Placebo Areas | Observed Areas
the controls as shown by data Virus Type

summarized in the table on the
right. Since these persons were

reported to have titers of less Type I 7.1 "5.2 7.3 6.1
than 4 in the second specimen, it Type II 12.4 4.1 14.4 9.8
was assumed that the initial titers

were also less than 4 although Type I 11.2 5.5 10.2 8.7
this was not confirmed in detail. Source: Tables 77 and 78.

. The percentage of subjects with

titers of 4 and 8 recorded for the second
blood who were then reported to have
titers less than 4 in the third specimen
is considerably greater in the vaccinated
than in the controls, even though the re-
ported decrease in titers to less than 4
among the controls is greater from this
level than any other. This trend in the
controls may manifest itself because of
the technical difficulty in evaluating min-
imal levels. The excess in diminishing
titers at this stage in vaccinated probably
reflectsthe actual declines from low levels
acquired after vaccination; it is least with
Type II and, surprisingly, greatest with
Type III. The excess percentage decline
in the vaccinated at the 4 and 8 level by
type is closely similar for the children
bled in placebo and observed areas:

Poliomyelitis
Virus Type

Type 1
Type 11 14.1
Type I 34.4

Source: Tables 77 and 78.

. The higher the titers two weeks after com-
pletion of vaccination, the smaller the per-
centage falling to less than 4 in the late
specimen; for example, for Type I in pla-
cebo areas 15,6 percent and 2.4 percent of
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those whose second serum titers were at

the levels of 16 and 64, respectively, were
reported as less than 4 in the third speci-
men, The great majority of 1024+ titers
remained at 1024+ in the late specimens.
The Type I titers appear to be more sta-
ble at the low levels of 16 or less; above
that, Type I and Type I seem to be equally
stable, despite the fact that the response
to Type I was less as indicated by the dis-
tribution of titers in the second blood. At
all levels the decline in Type I titers is
the most prominent,

. Excluding the less than 4 and 1024 titers,
it is noted that 49 to 65 percent of the con-
troltitersrecorded for the third specimens
are the same as for the corresponding sec-
ond specimens, The variation is largely
distributed in the next higher or lower di-
lution so that 86 to 98 percent of the repeats
usually fall in that range, similar to the
results noted in comparison of the first
and second blood control titers. Among
the vaccinated, however, there is a con-
sistent deviation from the controls: a
smaller percentage of third blood titers
maintains the same level as the second,
and there is a major shift to the next lower
level rather than to either side. This trend
is most marked with Type OI titers. The
behavior of the Type I titers is of interest
since that antigen was generally superior
to that of Type I and close to that of Type
II. One can speculate whether it is evi-
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dence of the lesser previous experience of
the population with Type III virus or wheth-
er the relatively greater decline in low
titer Type I antibodies and in Type III anti-
bodies of all levels is a reflection of the
heterologous effect from Type I antigen,
earlier discussed, which might subside
more rapidly.

From these data it can be concluded that,
in general, antibody titers tended to fall about
4-fold in the period between two weeks after
completion of vaccination and five months
thereafter; that the decline was progressively
more marked in Types I, I, and III titers;
that if levels of 16 to 64 are attained after
vaccination the vast majority of subjects of
this age will still possess measurable anti-
body five months Iater. Finally, it is apparent
that the antibody titers in the controls pre-
sumably acquired from natural infection have
attained a stability much greater than that ob-
served during this interval in titers resulting
from vaccination,

Stability of Titers in Persons Without Anti-
body to Any Type Previous to Vaccination

The preceding tables, 77 and 78, compared
the early and late post-vaccination titers with-
out reference to the pre-vaccination status
except that the less than 4 titers in the second
blood can be presumed to be largely those
which were less than 4 before vaccination.
They comprised both the triple negatives and
negatives to a specific type. A separate com-
pilation was, therefore, made of the antibody
levels of those without antibody to any type
before vaccination and their relative status in
the early and late post-vaccination sera.

It is seen that among placebo controls
originally without antibody 5 to 6 percent was
reported to have antibody to Types I, II, or
IIT in the second blood, and the same propor-
tion of the negatives in the second blood was
reportedtohave antibody to one or more types
in the third blood. Thus, about 10 percent of
the original triple negatives among the con-
trols was subsequently reported to have
aptibody to one or more types of virus. Nega-
tive to positive changes between first and sec-

ond titers of control children are believed to
be a result of laboratory variation. The num-
ber of controls in the other titer levels is too
small for adequate comparisons with the vac-
cinated, but 7 of the 15 placebo controls re-
ported at levels of 4 or 8 to Type I in the sec-
ond blood and 5 of 12 with titers of 4 or 8 to
Type II were again reported less than 4 in the
third specimen. Comparable changes are
seen in observed controls.

The numbers of original triple negatives in
Tables 79 and 80 are considerably smaller
than the totals of negatives to a given type in
Tables 77 and 78, but by comparison of the
two sets of data some differences can be
pointed out.

1. In placebo areas the proportion among the
original triple negatives who were vacci-
nated but remained serologically negative
to a given type of virus both two weeks and
five months later is considerably greater
than when the total among those with orig-
inal titers of less than 4 to any one type is
considered. For Type I it was 44 percent
versus 17 percent and for Types II and I1I,
16 versus 6 percent. It appears thata
greater antigenic stimulus is required for

the triple negatives than for those negative

to only one or two types.

2, The data also demonstrate that titers at-
tained two weeks after vaccination by the
triple negatives who responded were pre-
dominantly in the 4 to 16 range, 76 percent
for Type I, 66 percent for Type III, and 50
percent for Type II. Conversely, the fact
that half the Type I responses reached
levels of 64 .or greater may partly explain
the lesser decline in antibody to that type
in the five-month period. In Tables 77 and
78, this grouping of post-vaccination titers
in the original triple negatives is obscured
by combination with other data.

3. The decline in titers between second and
third specimens of the vaccinated is more
marked among the triple negatives. The
percentage of positive titers in the second
blood falling to less than 4 in the third blood
is greater in the triple negatives; it was 36
percent with Type I, 14 percent with Type
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STABILITY OF ANTIBODY TITERS

11, and 39 percent with Type III. Most of
the return-to-negatives came from the
groups with titers of 4 to 16 in the second
blood; while they were declining, a size-
able proportion of the persons with less
than 4 in the second blood was reported
positive in the third. It is of interest also
that the increase in percentage of negative
titers in the vaccinated was observed while
the percentage of negatives was decreasing
in the controls.

4. In placebo areas the percentage of vac-
cinated triple negatives with titers of less
than 4 in the second blood who remained
negatives in the third blood was less than
that noted in the controls (Table 79). As
previously stated, 5to 6 percent of the con-
trols was reported to have antibody in the
third specimen although reported negative
in the second;this may be a measure of the
inability of the laboratory procedures to
duplicate their results., Among the vac-
cinated, 9 percent was so reported for
Type I, 17 percent for Type II, and 18 per-
cent for Type III.

5. The response two weeks after vaccination
of the triple negatives from observed
areas, accumulated in Table 80, was gen-
erally less than in the segment from pla-
cebo areas. Of those who responded, a
high proportion congregated at titers of 4
to 16. The differences between second
andthirdtiters followed generally the same
tendencies noted in placebo areas except
that the reported shift from positive to neg-
ative in the observed controls is greater,
and there is less difference between the
vaccinated and controls in this respect.

Because of the desirability of obtaining
data concerning the response to vaccines as
soon- as possible, the laboratories had been
asked to proceed promptly with the testing of
the sera taken before vaccination and two
weeks after vaccination. A number of labora-
tories were unprepared to carry out a signifi-
cantamount of testing before the five-months-
post-vaccination sera were available. They,
therefore, titrated the three specimens of se-
rum at one time. Certain laboratories which
had completed tests of their first and second

v

\

sera included the first sera together with the
second in tests necessary for titration of the
third specimen.

Antibody Titers Obtained in Simultaneous
Tests of First, Second, and Third Bloods

In 10, 958 instances, the first, second, and
third specimens were titrated at the same
time. The titers so obtained should be more
comparable than when first and third speci-
mens were tested at different times. There
was no selection of sera with respect to vac-
cination status since that information was not
made available to the laboratories. The lab-
oratories which followed this procedure were
also unselected. ‘

The results are summarized in Table 81 to
show the distribution of titers in the sequen-
tial samples of blood. It is seen again that
failure to develop measurable antibodies two
weeks after the third injection of vaccine was
most prominent with Type I antigen while
Types II and III failures were essentially the
same numerically but greater in observed
areas than in the placebo areas, The frequen-
cy with which early post-vaccination titers de-
clined to less-than-4 levels by five months is
essentially identical with that noted in preced-
ing tabulations made from titrations of the
second and third sera alone. The greater de-
cline in Type III titers is again evident. Here,
too, it is consistently noted that there is an
increased percentage of less-than-4 titers
among the vaccinated, while the proportion of
less-than-4 titers is decreasing in the con-
trols. Consequently, these data raise the
question as to whether the changes in the con-
trols are entirely due to technical variations.
The change in percentage of less than 4 is
uniformly less between original and seven-
week titer than between the seven-week and
five-month titers of the same series. It is of
further interest that the variation between
firstand second negative titers in the controls
of this series is considerably reduced from
that observedin the previous tabulations which
combined results with tests of first and
second sera alone, The effect may represent
improved performance as experience was
acquired.
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Table 81

PERCENT DISTRIBUTION OF ANTIBODY TITERS IN FIRST, SECOND, AND THIRD
SERA TESTED SIMULTANEOUSLY BY VACCINATION STATUS AND VIRUS TYPE
PLACEBO AND OBSERVED AREAS

Titers in Controls (%)

Virus Type
by Bleeding
Type 1l
1st 2,586 55.6 5.2 5.7 10.0 11.6 11,9 2,525 57.0 4.4 6.0 10,1 12.3 10,1
2nd 18.2 10.4 14.2 14.0 12.2 31.1 56.0 4.9 6.3 10,1 11.0 1.7
3rd 24.1 11.8 13,4 12.0 13.0 25,6 53.0 5.3 6.5 11.2 12.2 11.8
Type 11
1st 2,586 54.8 6.9 5.6 9.1 9.4 14,2 2,525 56.4 5.8 5.4 7.8 10.5 14.0
2nd 6.1 6.7 15.6 | 20.5 16,1 35,1 55.4 5.1 5.3 8.6 10.4 14.6
3rd 9.3 12,6 19.3 16.3 13,5 29,0 §3.0 6.3 -6.1 8.2 11.0 15.4
Type OI
1st 2,586 59.7 6.7 10.6 9.4 7.3 6.3 2,525 62.7 5.5 9.3 10.1 7.4 5.0
2nd 6.9 11.8 21,9 16.9 12,6 29,9 60,8 5.8 10.1 10.5 1.0 5.7
3rd 19.3 18.0 16,3 10.8 12.2 23.3 57.6 6.4 10.2 11.0 8.4 6.3
Type I
1st 2,468 48.3 5.4 8.9 14.0 14.9 8.5 3,379 48.6 4,7 9.4 14.9 13.9 8.4
2nd 18,8 7.7 12.2 14.1 16.7 30.5 47.1 4.5 8.5 15,2 15,1 8.6
3rd 22.2 9.6 11.9 12.5 19.1 24,8 43,9 4.8 9.5 15.5 15.4 10.8
Type 0
1st 2,468 52.1 7.3 6.4 10.2 12.6 11.3 3,379 52.3 5.8 7.7 11.3 12,5 10.4
2nd 9.3 6.4 16.0 19.0 15.4 33.9 49.6 6.0 7.5 11.9 13,6 11.4
3rd 11.4 10.9 17,5 16.2 15.9 28.1 44,4 7.0 8.0 12.0 15.4 13.2
Type O1 =
1st 2,468 49.3 8.1 12.0 14.9 10,2 5.5 3,379 52.17 5.8 13.4 14.1 8.7 5.4
gnd 9.5 8.0 17.1 15.1 15.7 34.6 50.6 6.5 12,5 14.8 9.4 6.2
d
T L1'7.1 12,9 | 14.5 11.2 16.0 28.3 46.8 5.7 LlZ.B 16.5 LlO 8 7.4

* Matched sera, tested simultaneously,

Although the data in Table 81 give a view
of the distribution of titers and certain major
changes, one does not obtain an accurate view
of the variation and relative stability within
the different titer groups. These details are
presented in the cross tabulations, Tables 82
.and 83, which show the relations between
first, second, and third titers obtained in
simultaneous tests of first, second, and third
seraof the specific subjects in placebo areas.
They provide a perspective of the changes be-
tween early and late post-vaccination antibody
levels in terms of the original titers. Other
tabulations have disclosed the fact that the
major recessions in titers after vaccination
are most prominent in persons without anti-
body originally and in those whose early post-
vactination titers were 4 to 16.

The data in Tables 82 and 83 clearly dem-
onstrate that essentially all the decline-to-
negative status in the five-months-post-vacci-
nation blood occurred in those without type-
specific antibody to start with. The Type III
results in placebo areas are most informative
(Table 82) because of the good initial response
to that antigen and because of the greater
decline in the five-month titers of the vac-
cinated. Of those with no demonstrable anti-
body to Type III in the first blood, 280 had ac-
quired levels of 4 to 8 in the second; and 171
of the 280, 61 percent, were again recorded
as negative in the third. In contrast, of the
1,042 vaccinated who had antibody at some
level reported before vaccination, 172 were in
the range of 4 to 8 and only 9 of the 172 were
reported less than 4 in the third specimen,
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STABILITY OF ANTIBODY TITERS
Table 82

FOR PERSONS WHOSE FIRST SERUM TITERS WERE <4, 4 & 8, AND 16 .

SECOND BY THIRD SERUM TITERS BY VACCINATION STATUS AND VIRUS TYPE
PLACEBO AREAS*

First Serum <4 to Specified Type First Serum 4 & 8 to Specified Type First Serum 16 to Specified Type

Antibody
Levels
Type 1
Vacclnated
<4 438 392 23 5 4( 10 4 9 7 - 2| - - - 6 5 1 - - - -
4&8 236 125 8 16 8 4 5 23 6 12 2|1 2 - 6 2 1 2| - - 1
16 295 52 | 122 99 13 4 5 25 2 7 12| 3 1 - 25 2 -| 14| 6 3 -
64 243 8 41 | 105 | 76 ki 6 19 - 3 g5 2 - 30 1 2 8| 16 2 1
256 124 2 3 22 | 59| 31 17 32 - - 3|14 13 2 30 - - 4( 14| 10 2
1024 102 2 - 8| 16| 22 54 26 - 1 1] 4 8 12 51 - - - -] 13 38 i
Total 1,438 581 | 267 | 255 |176 [ 78 81 134 15 23 29 (27| 26 14 148 10 4| 28|36 28 42
Placcbo
<4 1,329 |1,231 34 16 17| 21 10 32 22 8 - - 1 1 6 3 1 1 - 1 -
4&8 48 23 19 4 2 - - 48 8 30 7] - 2 1 22 1 10 | 10 1 - - !
16 11 1 3 4 1 2 - 19 - 6 8 2 2 1 80 1 8 | 55| 12 3 1 |
64 16 - 1 1 9 5 - ki 1 1 5. - - - 33 - 1 3|25 3 1 ;
256 19 3 - -] 6] 8| 2 2 e I Y O 9 - - 2| 1| 8| - |
1024 16 - - - -] 3] 13 O T I e R 2 - S e |
Total 1,439 (1,258 57 25| 35| 39 25 112 31 45 20 |3 17 6 152 5 20 | 71| 39| 14 3
Type I ’
Vaccinated
<4 148 124 | 10 7 4 3 - 5 2 2 1] - - - 1 - - -l - - 1
4&8 147 62| T 17 4 2 1 15 5 3 5| - 1 1 3 - 2 1( - - -
16 343 24 | 144 145 | 22 4 4 22 1 6 13 | 2 - - 20 1 1[13] 4 - 1 1
64 418 9| 63 191 | 133 | 14 8 46 - 2 20 |22 2 - 20 - 2 6| 10 2 - :
256 225 1 7 47 (108 | 54 8 40 - 1 4 (15| 16 4 46 - - 520 17 4
1024 135 2 - 6 20| 41 66 51 - - - 2| 18 31 55 - - 1 2] 21 31 i
Total 1,416 222 | 295 403 (291 (118 | 87 179 8 14 43 |41 | 37 | 36 145 1 5| 26|36 40 37 ’
Placebo (
<4 1,308 |1,216 | 45 14 [ 11 8 14 43 31 9 2|1 - - 6 4 1 1| - - - !
4&8 48 25| 19 2 1 1 - 3 13 49 7|4 - - 21 1 13 6| - - 1
16 19 1 3 12 2 1 - 20 1 4 13 1 1 - n 2 T |48 11 1 2
64 14 3 - 3 6 1 1 3 - 1 1| - 1 - 26 - 21011 1 2
256 16 1 - - 4 8 3 4 - - -2 2 - 8 - - -1 4 3
1024 20 2 - - - 6 12 4 - - - 1 1 2 4 - - 1 1 - 2
Total 1,425 |1,248 | 67 31| 24| 25 30 147 45| 63 23 | ¢ 5 2 136 17 23 | 66| 24 6 10
Type 10
Vaccinated “
<4 169 145 12 5 5 1 1 S 2 1 1| - 1 - 2 1 - - - - 1
4&8 280 171 86 13 6 1 3 11 3 5 2|1 - - 8 6 2 - - - - - !
16 494 122 | 202 | 134 | 17 8 11 35 4 7 20 | 2 1 1 24 - 5| 13) 2 2 2 1
64 365 30| 103 | 148 | 66 [ 13 5 25 - 3 11 | 8 1 2 21 - 3 3(13 2 - l
256 136 2 15 43 | 52| 20 4 39 - 1 1 (19| 16 2 66 - 1 5[ 18 | 35 17 {
1024 100 - 4 8| 19| 21 48 57 - - - | 3| 16 | 38 154 2 - 4| 838|102
Total 1,544 470 | 422 | 351 [165 | 64" | T2 172 9 17 35 |33 35 | 43 275 9 11 | 25| 41 | 77 | 112
Placebo
<4 1,457 | 1,347 35 7| 20| 26 22 28 23 3 1] - - 1 17 14 2 -1 - -
4&8 42 13 23 5 1 - - 4 13| 45 12 | - 3 1 23 - 12 (11| - - -
16 30 2 9 12 61 1 - 27 - 10 14 2 1 - 147 1 13 |107| 25 - 1
64 33 4 2 3|17 6 1 5 - - 2|3 - - 36 - 1|15] 16 4 -
256 16 2 - 1 4 17 2 3 - - - 1 2 - 8 1 1 3 1 2
1024 4 1 - - - - 3 2 - - 1] - - 1 S - - 2] 2 - 1 |
_Total 1,582 | 1,369 69 28 | 48| 40 | 28 139 36 58 30 | 6 6 3 236 15 29 (136 47 5 4 !

(Continued on next page.)
* First, second, and third speclmens tested simultaneously.
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Table 82 Continued

SECOND BY THIRD SERUM TITERS BY VACCINATION STATUS AND VIRUS TYPE
FOR PERSONS WHOSE FIRST SERUM TITERS WERE 64, 256 AND 1024
PLACEBO AREAS*

Antibody
Levels

Type I
Vaccinated
<4 4 | 4 - [ I - 7 6 L N S 1 6 - 1 - 1
4&8 - ~ - - - - 2 - 1 - -1 - 1 - 1 -] -] - -
16 12 - 3 4 1[ 4 - 4 1 1 1 -1 - 6 -l 3 3 -~ - -
64 51 - 2 13| 30 5 1 13 - - 4 4 3 2 5 1 - 4 - - -
256 55 - 1 2| 17 28 7 66 - - 1 8| 44 13 9 - - -1 -1 4 5
1024 137 - - - 51 49 83 207 1 - - | 4] 48 | 154 281 1 - 2 2|18 | 258
Total 259 4 6 19 531 86 91 299 8 6116] 87| 170 | 308 6 4 (10) 2} 22 | 264
Placebo
4 19 |15 - 2 - 1 1 18 )17 - - 1| - - 10 8 - -0 - 1
4&8 1 - - - 1 - - 1 - 1 - - - - 3 - 3 - - - -
16 40 2 3 170 127 4 2 6 - 21 3] - 1 2 1 - ~l 1) - ~
64 127 -l 4 14 86| 21 2 64 - ~ 5| 29| 25 5 9 1 1( 4| 2 1
256 54 - - 3| 24| 20 T 156 - ~ 31291 98 25 38 - - ~ 12117 20
1024 15 - - - 5 2 8 66 - - - 5| 27 34 182 ~ 1 1) 3] 30 157
Total 256 | 17 7 36 |128 | 48 20| 311 |17 1 |10 | 867|151 65 255 10 4 3 (10149 179
Type I
Vaccinated
<4 - [ N - 3 1] - -] - - - o - [ .
4&8 4 1 2 1 -1 - - 2 1 1 - - - - 1 - - 1 - -
16 10 3 2 2 2 - 1 4 - 2 2 - - - 5 1 2 2) - - -
64 28 - - T 12) 4 5 13 - 1 3 3] 3 3 4 1 - 3 -1 - -
256 56 - - 3) 18} 30 5 38 1 1 - 6( 24 6 11 - - 1 1 4 5
1024 138 - - - 4] 43 91 184 - - - 2|31 [ 151 ] 345 - 1| 5|14 324
Total 236 4 4 13| 36| 77 | 102 244 4 6 5111} 58 | 160 ) 366 2 3 8| 6] 18 | 329
Placebo
<4 8 7 - - - - 1 13 |10 - - -] 3 - 20 17 2 1] -1 - -
4&8 2 2 - - - - - - - - - -1 - - 1 - 1 -l - - -
16 18 1 1 8 8 - - 5 - - -1 2/ 3 - 2 - 1 1] -1 - -
64 128 - - 14 84 23 7 39 - - | 3]15}) 17 4 7 - - 1| - 4 2
256 38 - - 31 15[ 14 6 156 - - 1122105 28 40 - - 11422 16
1024 4 -~ - - 1 - 3 53 - - - 2| 18 33 283 1 - 2| 132 | 247 i
Total 198 | 10 1 25 | 108 | 37 17 266 | 10 ~ | 4]41]146 65 | 353 18 4 6| 2|58 | 265 ;
— |
Type I i
i
Vaccinated :
<4 2 2| - - - - - - - - - -1~ - - - - -0 - -
4&8 5 2 2 -~ 1 - - 1 1 - - - - - 1 - 1 -] - - -
16 9 2| 3 3 - 1 - 1 - 1 - -1 - - 3 2 1 -1 -1 - -
64 19 - 2 2| 12 1 2 S 1 2 1 10~ - 1 - - 1) - - -
256 44 -~ - 1] 15} 23 5 a4 | - - - 8f 17 k] 7 -1 2| -1 3 1
1024 164 1 1 1 1| 54 | 106 148 1 1 - 1]381 ] 114 151 - - -1 2|10 | 139 !
Total 243 ki 8 T 2979 113 189 3 4 11 10] 48 123 163 2 3 31 2[13 140 ;
Placebo !
<4 18 |17 - 1 - - - 8 7 - - 1| ~ - 8 6 1| -] - 1
4&8 8 - 2 3 - - 1 2 - - 1 -1 1 - - - - -1 -l - -
16 45 - 1 24| 18 1 3 4 - 1 1 1t 1 - 3 - - 1] -1 1 1
64 142 1 2 24| 85| 25 5 46 - - 3124] 16 3 3 - - -1 2|1 -
256 36 - - 21 15| 15 4 92 - 1]20) 58 13 21 - - 1( 4 9 7
1024 8 - - - 31 3 2 34 1 -1 4] 10 19 92 2 - 1| 3|20 86
Total L255 18 S 54 |119 | 44 Llﬁ 186 8 1 6 | 50| 86 35 127 8 - 4| 9 LSI 5
I
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STABILITY OF ANTIBODY TITERS

Table 83

SECOND BY THIRD SERUM TITERS BY VACCINATION STATUS AND VIRUS TYPE
FOR PERSONS WHOSE FIRST SERUM TITERS WERE <4, 4 & 8, AND 16
OBSERVED AREAS*

First Serum <4 to Specified Type First Serum 4 & 8 to Specified Type First Serum 16 to Specified Type

Antibody
Levels
Type I
Vaccinated
<4 462 424 11 5 6 9 7 1 1 - - -] - - - - - - - - -
4&8 175 84 65 11 6 6 3 10 6 1 1 - - 5 - 3 1 - 1 -
16 240 30 89 94 15 5 17 27 - 9 |13 3 2 - 26 - 3 19 3 1 -
64 199 5 35 81 | 64 9 5 33 - 3 8|16 4 2 57 - 2 19 | 27 6 3
256 89 - 6 18| 39 20 6 29 - - 1(12] 10 6 66 - 1 3 19 |37 6
1024 27 - 2 2 6 T 10 34 - - 20312 |17 65 - - - 3 |28 34
Total 1,192 543 | 208 | 211 ) 136 | 56 | 38 134 3 18 | 25135 | 28 | 25 219 - 9 42 | 52 |13 43
Controls
<4 1,545 | 1,409 | 37 25| 33| 29 | 12 33 20 9 -l 2] 1 1 4 2 2 - -] - -
4&8 46 20 19 5 1 1 - K&} 17 51 9| 4 2 2 23 - 11 9 1 1 1
16 19 5 5 17 2 - - 34 1 8 |19 5 1 - 201 2 10 153 | 25-| 8 3
64 14 17 1 2 3 - 1 9 - - 3l 4 1 1 70 1 1 26 | 34 4 4
256 12 1 1 - 2 6 2 1 - 1 - - - - 13 - - - 4 17 2
1024 [ 1 - - 1 2 2 8 - - -1 2 1 5 ki - 1 1 1 1 3
Total 1,642 | 1,443 63 39 | 42 | 38 [ 17 160 28 69 | 31 (17 6 9 318 5 25 189 | 65 |21 13
Type I
Vaccinated
<4 223 180 11 10 8 8 6 1 1 - -1 - - - - - - - - - -
4&8 144 57 62 12 9 3 1 13 2 8 2|1 - - 2 1 - 1 - - -
18 339 27 | 118 | 148 | 25 11 10 39 1 12 19| 5 - 2 9 - 2 5 1 - 1
64 351 4 43 164 | 115 19 6 42 - 1 16 |21 4 - 39 - 1 11 22 3 2
256 171 2 ki 28 | 76 | 49 9 55 - 1 3123 22 6 28 - - - 11 |15 2
1024 58 2 1 2 9| 30| 14 30 - - 1] 412 (13 81 - - 1 8 |25 47
Total 1,286 272 | 242 | 364 | 242 120 | 46 180 4 22 | 41|54 | 38 | 21 159 1 3 18 | 42 |43 52
Controls
<4 1,615 | 1,408 56 35| 30 | 61 27 52 30 18 2| - 1 1 4 - 2 - - 1 1
4&8 8 29 34 3 1 8 3 104 12 6 6| 4 1 5 18 1 9 3 1 2 2
16 23 4 5 13 1 - - 28 2 g 14 2 1 157 - 14 109 | 27 4 3
64 27 4 3 3 8 5 4 5 - - 201 2 - 64 - 2 23 | 27 8 4
256 17 2 - 2 3 9 1 5 - - -1 2 2 1 9 - - 1 1 5 2
1024 6 2 - 1 - - 3 2 - - - - 2 - 9 1 - 1 1 1 5
Total 1,766 | 1,447 98 57| 43 83 | 38 196 44 103 | 24| 9 9 261 2 27 137 | 57 |21 17
Type HI
Vaccinated -
<4 230 207 6 4 3 17 3 1 - 1 - - - - 2 - 2 - - - -
4&8 178 96 61 6 2 8 5 16 4 9 11 - 1 3 - 1 2 - - -
16 362 73 | 138 125 10 8 8 37 3 10 | 17| 4 1 2 16 1 1 ki 4 2 1
64 276 31 60 | 121 | 38| 13 | 13 26 - 6 91 9| 1.| 1 32 - 1 6 24| 1 -
256 117 2 14 32| 41| 20 8 45 - 1 5|15 21 3 3 - 1 -1 29|33 10
1024 53 1 3 5 6| 17| 21 75 - 2 2| 5| 24 | 42 171 - - 1] 12 |39 | 119
Total 1,216 410 ( 282 | 293 | 100 | 73 | 58 200 29 | 34|34 47 | 49 297 1 6 16 [ 69 | 75 | 130
Controls .
<4 1,666 | 1,505 30 28 | 40 | 36 | 27 32 22 5 2|1 2 - 6 - 2 3 1-| - -
4&8 80 24 21 7 3 3 2 112 9 77 | 18| 3 3 39 1 12 20 2 2 2
16 28 6 1 14 1 4 2 36 - 10 [ 22 3 1 - 291 - 21 204 | 49 |12 5
64 16 4 1 3 6 1 1 17 - - 4] 2 1 - 96 - 5 27| 59 4 1
256 5 2 - - 2 1 - 7 - - - 4 3 - 11 - - 2 5 4 -
1024 6 2 - - 1 1 2 3 - - -1 1 - 2 9 1 - 1 3 2 2
Total 1,781 | 1,543 53 52| 53| 46 | 34 197 31 92 | 46( 14| 10 4 452 2 40 257|119 | 24 10

. {Continued on next page.)
* First, second, and third specimens tested simultaneously. .
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Table 83 Continued

SECOND BY THIRD SERUM TITERS BY VACCINATION STATUS AND VIRUS TYPE
FOR PERSONS WHOSE FIRST SERUM TITERS WERE 64, 256 AND 1024
OBSERVED AREAS*

First Serum 1024 to Specified Type

First Serum 64 to Specified Type First Serum 256 to Specified Type

Antibody
‘Levels

Type 1
Vaccinated

<4 - - - - -1 - - - - - - - - - - - - [ I -
4&8 - - - - - - - - - - - - - - 1 - - -1 - - 1

16 5 - - 2 3 - - 3 - 1 1 - - 1 1 - - -1 - 1 -

64 45 - - 5 26 10 4 12 - - - 4 4 4 2 - - - - 1 1

256 108 - - 4( 25( 68 12 97 - - -1 1] 65 22 21 - - -] 3 8 10
1024 186 1 - 3) 10] 69) 103 256 1 - - -| 70| 185 185 - - 1] 4| 18] 162
Total 345 1 - 14| 641 147] 119 368 1 1 1| 14) 139 212 210 - - 1| 7| 28| 174

Controls

<4 4 2 - - 1 1 ~ 1 - - - 1 - 3 2 - -1 - 1 -
4&8 6 | - - 2] 4] - - 2 - - P Y - - |- - I -

16 64 | 1 1 26 27 6 3 2 - - 1 - - 1 2 - - -1 1 - 1

64 314 - 3 31] 210 59 11 103 1 - 1| 53{ 39 9 4 - - -1 1 1 2

256 98 - - 1( 35( 52 10 297 1 1 -1 49} 193 53 90 - - -] 6} 35 49
1024 17 - - - 3 8 6 66 1 - - 4] 27 34 186 1 - -1 4] 33 ] 148
Total 503 3 4 60| 280 126 30 471 3 1 2 | 107 261 97 285 3 - - 12 70| 200

Type I
Vaccinated

<4 2 |- - il -] - 1 3 |2 - i -} - - - - P I R .
4&8 - - - - - - - - - - - - - - - - - - - - ~

16 7 - 2 - 1 2 2 - - - - - - - 1 - - - - - 1

64 29 - - 21 19 6 2 7 - - - 3 2 2 1 - - -1 - 1 -

256 68 - - 2] 20| 36| 10 48 - - 1 3| 32 12 10 1 - -1 1] 4 4 i
1024 145 - - 2 5] 41 97 254 1 - - 7| 461 200 268 - - - 4 21| 243 !
Total 251 - 2 T] 45| 85( 112 312 3 - 21 13| 80{ 214 280 1 - -1 5] 26} 248

Controls

<4 3 1 - - 2 - - 3 2 - - - 1 - - - - -1 -1 - -

4&8 ~ - - - - - - 2 - 1 - - 1 - - - - -1 -1 - - :

16 43 - 4 15| 19 3 2 4 - - 1 2 - 1 - - - -1 - ~ - .

64 233 1 1 211 1591 37 14 67 - 1 3} 31 25 7 5 - - 1] 1 2 1 H

256 88 - 1 2) 28) 48 9 271 3 - 9] 44) 178 31 0 - - ~1 3] 32 35 i
1024 | 15 - - - 2 8 5 6 - - ~ 31 32 41 276 1 - -] 3f{ 411 231 H
Total 382 2 6 381 210| 96 30 423 5 13| 80 237 86 351 1 - 1 71 5| 267

N i
Type I :
Vaccinated

<4 2 |1 - 1 -t -1 - - - - -1 - - - P N J I - '

4&8 1 - - 1 - - - - - - -] - - - - - - [ T - ’

16 5 - 1 T 1 1 1 - - -] - - - - 1 - - ~ 1 ;

64 31 - - 4| 16| 10 1 6 |1 - 1 - 1 3 2 - - -l -1 - 2

256 94 1 - 1] 28| 47 17 49 - - - 9 29 11 10 ~ .- 2( 2 3 3
1024 235 1 1 3 8 58 164 197 | - - - 7) 43 147 122 - - -1 2] 8] 112
Total 368 3 11} 531167 183 252 1 - 1] 16) 73] 161 135 - - 2] 4| 11} 118 I

Controls

<4 4 - 1 - 1 - 2 - - i - - - - - -1 - -
4&8 T - 1 4 1 1 - - - - - - - - - - - - - - -

16 64 - 1 31} 27 3 2 3 - - 2 1 - - 1 ~ - 1] - - -

64 304 - 3 271221) 39| 14 66 - 2 1] 40| 17 6 12 - - -] 3 4 5

256 5 1 - 4 28| 34 8 118 3 1 4| 31119 20 40 ~ - 1y 79[ 17 15
1024 21 - - 5 8 8 44 - - - 2] 22 20 128 -~ - 1{ 41 18 105 I
Total 475 3 67282 861 32 293 3 4 71 741159 46 181 - - 3114 39 ] 125

== :
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STABILITY OF ANTIBODY TITERS

Among the 1,042, when antibody titer was at
a level of 16 or greater early after vaccina-
tion, it was subsequently reported to be nega-
tive in only 13 instances. The variations en-
countered in the ranges of less than 4 to 8 in
this group may well be technicalities. In fact,
among placebo controls who were reported
positive at any antibody level in the first blood
and negative in the second, 85 percent were
also reported negative on the third blood indi-
cating a probable error in reading of the first
specimens;they also constitute the bulk of de-
clines noted among controls who had antibody
in the first blood. These variations in per-
sons with previously reported antibodies are
more numerous among the placebo group than
among the vaccinated, indicating that vaccine
has moved all but a small minority from these
low levels to higher levels and thus has pro-
vided a stabilizing effect upon the titers of the
group.

The patterns of titer changes to TypesI
and II are similar to those of Type III, but
among persons without antibody originally
there appears to be a greater stability of ti-

.

AY

ters to these types after vaccination than to
Type OI; it is best with Type II. Considering
only those reported to be without antibody to
a given type in the pre-inoculation sample,
the changes in the percentages subsequently
reported to be without antibody are seen in
Tables 82 and 83. It is again apparent in
these results that while the controls tend to be
acquiring antibody between second and third
bleedings, the vaccinated are regressing with
resultant additions to the titer ranks of less
than 4.

Because of this shifting out of and in to the
the less than 4 category attention was directed
to its composition at the time of the third
bleedings. For this purpose consideration
was limited to those without antibody to the
specific type in the first specimen since the
majority was known to derive from those
groups. For example, among the vaccinated
of placebo areas there were 392 who were re-
ported to have negative titers to Type Iin all
three specimens., There were, in addition,
out of 1000 vaccinated persons who had no
antibody to Type I originally but exhibited

SECOND AND THIRD SERA LESS THAN 4 AS PERCENT OF TOTAL FIRST SERA
LESS THAN 4 TO SPECIFIED TYPE, BY VACCINATION STATUS AND VIRUS TYPE
PLACEBO AND OBSERVED AREAS

Vaccinated Controls
Poliomyelitis

Virus Type

Type I 1,438 30 40 1,439 92 87
Type 11 1,416 10 16 1,425 92 88
Type I 1,544 11 30 1,582 92 : 87
Type I 1,192 39 46 1,642 94 88
Type I 1,286 17 21 1, 766 91 82
Type 11 1,216 19 34 1,781 94 87

Source: Tables 82 and 83.
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Sources of 3rd Serum Negatives
Placebo Areas

Vaccinated
<4 in 1st specimen - Total 1,438 100 1,416 | 100 1,544 100
<4 in 3rd specimen - Total 581 40 222 16 470 30
<4 in all 3 specimens 392 27 124 9 145 9
<4 in 1st, 4 or > in 2nd, <4 in 3rd 189 13 98 7 325 21

Placebo e
<4 in 1st specimen - Total 1,439 100 1,425 | 100 1,582 100
<4 in 3rd specimen - Total 1,258 87 1,248 88 1,369 87
<4 in all 3 specimens 1,231 86 1,216 85 1,347 85
<4 in 1st, 4 or > in 2nd, <4 in 3rd 27 2 32 2 22 1

titers of 4 or greater in the second (two-weeks quently declined. Based on the total persons
post-vaccination) specimen, 189 who were re- in the different groups, a gross measure of
ported to have returned to negative status in the stability of acquired antibody, all levels
the third specimen., combined, is shown by the percentage de-
clining from positive to negative between the
The relative proportions which each of second and third specimens: 7 percent for
these components represents of the group less Type II, 13 percent for Type I, and 21 percent
than 4 in the third specimen are shown for for Type III.
vaccinated and placebo controls by virus type
in the above summary. In the controls, al- A more suitable measure of stability is
most the entire contribution to the group less presented in the -following summary. Only
than 4 in the third specimen came from those those originally negative who showed an anti-
reportedas less than 4 in all three specimens. body response in the second serum are con-
In contrast, among the vaccinated whose third sidered, Here it is seen that the percentages
titer was negative, 33, 44, and 69 percent of becoming negative again in the third specimen
the Type I, 1, and Il components, respec- were 8, 19, and 24 for Types II, I, and III,
tively, were persons who had shown antibody respectively. These data emphasize that the
response in the second serum and subse~ stability of vaccine induced Type I antibody

Stability of Vaccine Induced Vaccinated Placebo Controls
Antibody - Placebo Areas

<4 in 1st, 4 or > in 2nd - Total 1,000 1,268 1,375 110 117 125

<4 in 1st, 4 or > in 2nd, <4 in 3rd

Number 189 98 325 21 32 22
Percent 19 8 24 25 27 18
_ L

Soyrce: Table 82.
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was much better than that to Type III if a re-
sponse had occurred. The response to Type II
was the most frequent and the most persistent
in this period of observation.

The data from controls are of interest
again in pointing out that if antibody was not
detected in the first serum but was detected
in the second, the great majority of tests,
77 percent, indicated antibody present in the
third specimen. Again, error in titration of
the first sera must be invoked since in a
goodly number of instances the second titers
were high, and it seems unlikely that this
number of natural infections would have oc-
curred during the period of May 1 to early
June, Most of the declines in both vaccinated
and controls were in persons with low titers
in the second serum.

Stability by Lots as Measured in
the Three Simultaneous Tests

The detailed tabulations from which Tables
82 and 83 were prepared also yielded data on
first by second by third serum titers for each
vaccine lot or lot combination., Tables 84 and
85 present data showing the lot-type response
and return-to-negative status among persons
who had no type-specific antibody to start with.
For Type I the proportion of first-serum-
negatives which became second-serum-
positives range with different lots from 11
percent to 100 percent; 18 out of 23 lots or
lot combinations had 50 percent or more, and
10 of 23 showed 70 percent or greater change
from negative in the first serum to positive in
the second serum. For Types II and III the
proportions which changed from negative to
positive status ranged from 21 to 100 percent
and 31 to 100 percent, respectively. However,
only two lots induced less than 50 percent
change to Type II, and only one lot induced
less than 50 percent change to Type III, The
average change in reported status of control
children who were bled was in the range of
6 to 9 percent, again suggesting that range as
an indication of technical variation in the
laboratory results.

The average regression in titers as re-
flected by the proportions of vaccinated chil-
dren who were negative in the beginning, pos-
itive in the second serum, and again re-

I3

N

ported to be negative in the third serum was
8 to 9 percent for Type I, 16 to 19 percent
for Type I, and 21 to 24 percent for Type 1I. -
This follows the pattern of greatest decline in
Type III discussed earlier.

Figures 13, 14, and 15, prepared from
Tables -84 and 85, show the relationship be-
tween initial response and return-to-negative
status among vaccinated children. Each indi-
vidual lot is plotted and labelled in order that
it can be readily compared with other lots.

For Type I the slope of the line of best fit
does not differ significantly from zero at the
5 percent level of confidence although a posi-
tive correlation coefficient (r =.374) was dem-
onstrated between change from negative to
positive status and later return to negative
status. For Type I (Figure 14) a highly sig-
nificant negative correlation (r = -.885) was
shown between the attainment of demonstrable
titers and later return to negative status, The
grouping of lots at intersections of high re-
sponse proportions and low decline propor-
tions is quite marked for Type II, and those
lots with high return proportions for Type II
had low response proportions. This is also
true of some of the lots for Type I, particu-
larly Lots 508, 308, and 304. For Type III
(Figure 15) a relatively high negative corre-
lation (r = -.680) was demonstrated, and the
trend was highly significant. The over-all
return to negative status was relatively
greater for Type II than for either Type I or
Type 1.

To summarize, in most of the vaccine lots
Types II and III antigens were more effective
in producing demonstrable antibody than Type
I; Type II was more stable than either Type I
or II in maintaining demonstrable antibody
once attained; to the extent that Type I stimu-
lus was achieved, the regression to negative
status was less than that for Type IL."

Tables 86 and 87, prepared from the same
tabulations as Tables 84 and 85, show the
proportions of matched sera which were re-
ported to be less than 4 at each bleeding
for each virus type. For most of the lots 100

. sera were available for simultaneous testing.
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Table 84

FIRST SERA <4 TO SPECIFIED TYPE WITE REPORTED TITERS OF 4 OR >
IN SECOND SERUM AND <4 IN THIRD SERUM BY VACCINATION STATUS,
VIRUS TYPE, AND VACCINE LOT
PLACEBO AREAS

Vaccinated <4 to Specified Type in Control <4 to Specified Type in
18t Serum and 4 or > in 2nd Serum 1st Serum and 4 or > in 2nd Serum

Vaccine Lot
by Virus Type

Lot Type
Total | I 1,000 70 189 19 110 8 27 25
i 1,268 90 98 8 117 8 32 27
111 1,375 89 325 24 125 8 22 18
302 I 36 36 8 22 7 8 2 29
i 50 53 8 16 9 6 6 67
oI 113 91 16 14 12 9 2 17
304 I 111 95 10 9 6 5 - -
i 149 97 5 3 10 8 2 20
i1 166 98 24 14 10 8 1 10
306 I 175 84 28 16 15 7 10 67
i 153 93 16 10 11 6 6 55
111 197 90 32 16 12 5 5 42
308 1 97 80 4 4 10 - 8 2 20
I 103 90 2 2 10 10 1 10
I 90 80 11 12 13 11 2 15
503 1 5 17 - - 3 10 3 100
o 6 21 2 33 3 10 3 100
i 15 58 3 20 3 9 1 33
505 I 219 69 49 22 15 5 2 13
i 278 91 34 12 15 5 4 27
oI 276 89 % 27 13 4 1 8
512 1 188 65 41 22 47 14 6 13
I 283 95 20 7 46 14 7 16
I 256 88 1 28 51 15 7 14
514 1 169 66 49 29 7 4 2 29
I 246 95 11 4 13 6 3 23
1 262 91 93 35 11 5 3 27

* Percent of total <4 to specified type in first serum; all three specimens tested simultaneously.
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Table 85

FIRST SERA <4 TO SPECIFIED TYPE WITH REPORTED TITERS OF 4 OR >
IN SECOND SERUM AND <4 IN THIRD SERUM BY VACCINATION STATUS,
VIRUS TYPE, AND VACCINE LOT
OBSERVED AREAS

Vaccinated <4 to Specified Type in Control <4 to Specified Type in
1st Serum and 4 or > in 2nd Serum |[1st Serum and 4 or> in 2nd Serum

Vaccine Lot
by Virus Type

Lot Type
Total I 730 61 119 16 97 ) 34 35
I 1,063 83 92 9 151 9 41 27
Jis 986 81 203 21 115 6 38 33
303-303-307| I 6 100 1 17 1 8 - -
I 7 100 - - - - - -
x ki 100 1 14 - - - -
303 1 43 84 10 23 8 10 4 50
i 59 91 2 3 10 10 3 30
m 46 85 6 13 7 8 3 43
305-305-307( 1 72 84 13 18 16 15 5 31
a 95 96 8 8 20 14 5 25
m 72 90 16 22 13 10 4 31
305 1 127 72 15 12 16 9 6 38
il 142 93 11 8 28 15 12 43
I 162 96 25 15 19 10 8 42
307 1 1 50 - - - - - -
1t 2 100 - - - - - - L
ml 2 67 1 50 - - - -
502-502-307 | I 36 46 6 17 5 3 3 60
i 60 85 12 20 7 4 - -
I 72 84 17 24 3 2 1 33
502-502-309 | I 29 58 6 21 4 6 2 50
11} 60 86 9 15 3 4 - -
m 43 75 14 33 4 5 1 25
506-506-307| I 112 66 29 26 14 5 4 29
I 188 94 5 3 28 9 10 36
I 162 90 27 17 20 7 2 10
506-506-309 | 1 22 92 3 14 - - - -
I 21 100 - - - - - -
m 20 95 2 10 - - - -

* Percent of total <4 to specified type in first serum; all three specimens tested simultaneously.

212




STABILITY OF ANTIBODY TITERS

Table 85 Continued

Lot Type
506 1 82 57
it 131 96
I0f 127 98
507-507-307| 1 30 48
o 56 89
oI 62 91
507-507-309| I 29 52
I 52 71
m 27 50
507 I 14 11
I 46 26
juit 48 31
508-508-309] I 72 91
it 75 99
il 80 93
508 - 1 55 72
11 69 92
oI 56 86

11 13 7 3 3 43
15 11 14 6 2 14
22 17 11 4 6 55
6 20 1 2 1 100
5 9 2 4 - -
17 27 4 8 2 50
5 17 4 6 1 25
8 15 2 3 1 50
12 44 3 4 - -
2 14 3 2 - -
14 30 11 5 2 18
20 42 7 3 2 29
11 15 1 1 - -
1 1 7 8 3 43
11 14 9 9 6 67
1 2 17 19 5 29
2 3 19 21 3 16
12 21 15 14 3 20

Data on placebo controls and uninoculated con-
trols again provide a measure of technical
variation in the laboratory procedure. Such
variation was considerably -reduced by the
procedure of simultaneous testing of all three
sera, thus giving support to the view that
most of the change depicted in the vaccinated
is real. From data presented earlier, the
variation between first and second serum
titers in the control group has ranged from 6
to 9 percent which may be compared with the
range of 1 to 3 percent variation in total re-
sults shown in Tables 86 and 87.

For all placebo area lots the response to
initial stimulus as measured by the reduction
in proportions without demonstrable antibody
was approximately the same for Types II and
I, 89 percent and 88 percent, respectively.
There was a 67 percent reduction in the
number without demonstrable antibody to
Typel virus. For observed areas the percen-
tage reduction in the proportion without de-
mongtrablé antibody was 82 percent, 81 per-
cent, and 61 percent for Types I, III, and I,

respectively. The individual lots showed con-
siderable variation but the pattern of higher
initial response to Types Il and III observed
earlier was well maintained, and the least
proportionate return to negative status in the
third sera among those who were positive in
the second sera was demonstrated for Types
I, I, and 1II, in that order.

Antibody Levels One Year Later and
Response to "Booster' Vaccine

Additional data relating to the stability and
duration of vaccine induced antibodies were
provided in a follow-up study of 128 Michigan
children who participated in the 1954 Field
Trialand were given booster vaccine one year
later. Each of the selected children received
a complete series of three inoculations of
vaccine during the 1954 Field Trial, and each
of them was included in the pre- and post-
vaccination bleedings: a first pre-vaccination
blood, a two-weeks-post-vaccination blood,
andathirdblood five months post-vaccination.
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Table 86
PERCENT DISTRIBUTION <4 TO SPECIFIED TYPE IN FIRST,
SECOND, AND THIRD SERA TESTED SIMULTANEOUSLY,
BY LOT AND VACCINATION STATTUS
PLACEBO AREAS
Vaccine Lot Vaccinated Placebo
by Bleeding
Lot Bleeding
All Lots 1st 2,586 55.6 54,8 59.7 2,525 57.0 56.4 62.7
2nd 18.2 6.1 6.9 56.0 55.4 60.8
3rd 24,1 9.3 19.3 53.0 53.0 57.6
302 1st 219 45,2 42.9 56.6 246 45.9 57.7 54,9
2nd 28.8 21.0 5.5 45.9 58,1 51.6
3rd 31,1 23.7 11.4 40.7 54.1 41.9
304 1st 262 44,7 58.8 64.9 208 52.9 58.2 57.2
2nd 2.7 1.9 1.9 52.9 58,2 56.7
3rd 5.7 3.1 11.1 47.1 54,8 51.4
306 1st 363 57.3 45,2 60.6 365 62,2 51,5 67.1
2nd 11.3 3.3 7.2 61.4 51,2 65.8
3rd 19.0 8.0 17.4 61.4 49.6 63.3
308 1st 224 54,5 50.9 50.0 209 61,2 48.8 56.5
2nd 12,1 5.4 9.8 56.5 45,0 51,2
3rd 10.3 3.6 10,7 51.7 41,1 48.8
503 : 1st 63 46.0 46.0 41.3 72 41,7 40.3 47,2
2nd 38.1 38.1 17.5 37.5 36.1 44 .4
3rd 38.1 | 38.1 20.6 43,1 41.7 43.1
505 1st 559 56.9 54.4 55,6 541 58.6 56.7 63.4
2nd 18.4 5.0 6.4 58.0 56.0 62.7
3rd 25.9 10.9 20.4 55.3 52.9 60.1
512 1st 469 61.8 63.8 62.3 507 64.7 64.5 68.0
2nd 25.4 3.8 8.3 64.1 64,1 66.3
3rd 31.3 8.1 24,3 59.8 62.7 65,1
514 1st 427 59.7 60.4 67.17 311 49,3 55,4 64.5
2nd 20.1 2.8 6.3 48,0 52.8 62.9
3rd 31.1 4.9 27.6 46.4 51,5 59,7
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Table 87

PERCENT DISTRIBUTION <4 TO SPECIFIED TYPE IN FIRST,
SECOND, AND THIRD SERA TESTED SIMULTANEOUSLY,
BY LOT AND VACCINATION STATUS
OBSERVED AREAS

Vaccine Lot Vaccinated Control
by Bleeding
Lot Bleeding
All Lots 1st 2,468 48.3 52.1 49.3 3,379 48.6 52.3 52,7
2nd 18.8 9.3 9.5 47.1 49.6 50.6
3rd 22,2 11.4 17.1 43.9 44.4 46.8
303-303-307 1st 19 31.6 36.8 36.8 36 33.3 33.3 47.2
2nd - - - 30.6 36.1 47.2
3rd 5.3 - 5.3 30.6 33.3 47.2
303 1st 115 44.3 56.5 47.0 173 46,8 56,1 50,3
2nd 7.0 5.2 7.0 43.9 52.0 48.0
3rd 14.8 6.1 12.2 41.6 46,2 48.0
305-305-307 1st 178 48.3 55.6 44.9 241 45.2 59.3 51.5
2nd 7.9 3.4 5.6 42.3 53.5 49.0
3rd 13.5 6.2 13.5 36.1 41.9 45,2
305 1 st 373 | 47.2 | 41.0 | 45.0 463 | 39.7 | 41.5 | 42.5
2nd 13.1 2.9 1.6 38.7 38.2 39.1
3rd 15.8 5.4 8.3 35.2 36,1 35.6
307 1st 6 33.3 33.3 50,0 11 63.6 45.5 54.5
2nd 16.7 - 33.3 63.6 45.5 54,5
3rd 16,7 - 33.3 63.6 27.3 54,5
502-502-307 1st 127 62.2 55,9 67.7 263 71.5 66,2 67.17
2nd ~33.9 8.7 11.0 70.0 63.5 66.9
3rd 38.6 15.7 24,4 69,2 55.1 63.1
502-502-309 1st 127 39.4 55.1 44,9 174 38.5 40,8 44,3
2nd -+ 16,5 7.9 11.0 36.2 40.8 43.1
3rd 18.1 12,6 22.0 34.5 36,2 38,5
506-506-307 1st 335 50,4 60,0 53.7 520 51.0 59,2 58.5
2nd 17.0 3.9 5.4 49,0 55.8 55,8
3rd 24,5 4.8 12,2 47.1 51,9 50.4
506-506-309 1st 39 61.5 53.8 53.8 7 85.7 71.4 71.4
2nd 5.1 - 2.6 100.0 71.4 71.4
. 3rd 10.3 | - 5.1 1.4 57.1 71.4

(Continued on next page.)
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Table 87 Continued

Vaccine Lot Vaccinated
by Bleeding
Lot Bleeding

506 1st | 309 | 46.6 | 44

2nd 20.4
3rd 23.6 6.
507-507-307 1st 110 57.3 57,
2nd 30.0 7.
3rd 30.9 10.
507-507-309 1st 127 44,1 517.
2nd 21,3 16,
3rd 23.6 18.
507 1st 265 49.4 65.
2nd 44,2 49,
3rd 43.0 48,
508-508-309 1st 160 49,4 417,
2nd 4.4 0.

3rd 11.3
508 1st 178 42,7 42
2nd 11.8 3.
3rd 10,7 3

o2 305 ]

[J=2NY -

[3)] w g MmO

W b -3

Control

42.1 512 50.0 46.3 49.8
1.3 50,2 45.1 48.8
8.4 46,9 42.4 45.9

61.8 83 57.8 57.8 60.2
5.5 56.6 55.4 55.4

21.8 53.0 49.4 53.0

42,5 127 48.8 60.6 54.3

21.3 46.5 60.6 54,3

30.7 42.5 49.6 48.8

59.2 346 52.0 62.4 59.5

41.5 51.7 60.4 58.17

46.4 48.0 52.9 53.8

53.8 190 46.8 47.9 53.2
3.8 48.4 47.4 50.5

10.0 45.3 45,3 49.5

36.5 233 37.8 38.6 45,1
5.1 30.9 33.0 40.8

11.2 27.0 28.3 34.8

By arrangement with Dr. Gordon C. Brown
a fourth blood was drawn just prior to, and a
fifth blood was drawn two weeks subsequent to
the administration of a single "booster shot"
of vaccine in May, 1955. Of the original 128
in this study, complete data on simultaneous
tests done in one laboratory on all five bleed-
ings were obtained for 100 children.®

Table 88 compares two-weeks-post-vac-
cination titers with titers ten or more months
later (approximately one year after the first
inoculation of vaccine).

The reductions in titer, in agreement with
the total data compiled five months after vac-
cination, occurred particularly among those
persons with titers of 16 or less two weeks
after the third inoculation. The reduction to
less than 4 among those persons with second
blood titers of 4 or greater was 6 out of 90
for Type I, 4 out of 92 for Type II, and 12 out

of 91 for Type I,

Table 89 presents pre-booster titers by
post-booster titers for the same 100 children.
The response tobooster stimulus among these
children is quite emphatic. All but one of 14
who were less than 4 to Type I in the pre-
booster serum had titers of 4 or greater in
the post-booster serum but 6 of them behaved
like initial responders; 11 out of 11 and 20 out
of 20 responded to Types II and III, respec-
tively, most of them to high levels.

Further study was made of 19 children re-
ported to have no antibody to any virus type
prior to theinitial vaccination. These 19 were
among the 100 children included in Tables 88
and 89, Table 90 presents titer readings at
each bleeding for these 19 children, Initial
response to Type I was shown for 15 of the 19
children; 16 out of 19 responded initially to
TypesIland III. At the fourth, or pre-booster

216




STABILITY OF ANTIBODY TITERS

Table 88

TWO-WEEKS POST-VACCINATION TITERS BY ONE-YEAR POST ~-VACCINATION TITERS
BY VIRUS TYPE - 100 SELECTED CHILDREN IN THREE MICHIGAN STUDY AREAS¥

Antibody Levels | . 2 Weeks i’c?sii;a(:ffr)g;ﬁ? ;‘tiile};)s
by Virus Type ost-vacci-
nation Titers

Typel
<4 10 8 1 1 - - -
4 &8 5 2 3 - - - -
16 15 2 8 1 1 -
64 15 2 4 4 4 1 -
256 13 - - - 6 5 2
1024 42 - - 1 4 14 23
Total 100 14 16 9 15 21 25

Type I
<4 8 7 - - - 1 -
4&8 5 2 2 - 1 - -
16 16 2 6 5 2 1 -
64- 28 a - 3 14 .6 2 3
256 17 - 2 3 9 2 1
1024 26 - - - 5 9 12
Total 100 11 13 22 23 15 16

Type II
<4 9 8 - 1 - - -
4&8 8 5 3 - - - -
16 20 5 9 4 1 1 -
64 24 2 7 6 6 3 -
256 11 : - - 1 5 5 -
1024 28 - - - 3 17 8
Total 100 20 19 12 15 26 8
|

* All children received complete series of three inoculations of vaccine during the 1954 Field Trial and were
in the contingent of children selected for bleedings. All five samples of blood were tested simultaneously.
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PRE-BOOSTER TITERS BY POST-BOOSTER TITERS BY VIRUS TYPE -
100 SELECTED STUDY CHILDREN IN THREE MICHIGAN STUDY AREAS*
Antibody Levels Pre-booster Post-booster Titers
by Virus Type Titers
Typel
<4 14 5 1 - - 7
4&8 16 - - 2 2 12
16 9 - - - 2 T
64 15 - - 2 1 12
256 21 - - - 8 13
1024 25 - - - 2 .23
Total 100 5 1 4 | 15 74
Type Il
<4 11 - 4 1 3 3
4&8 13 - - 2 3 8
16 22 - - - 10 12
64 23 - - 2 4 17
256 15 - - - 9
1024 16 - 1 - 1 14
Total 100 - 5 5 27 63
Type OI
<4 20 1 1 9 7 2
_ 4&8 19 - 2 7 9 1
16 12 - - 2 3 7
64 15 - 1 4 5 5
256 26 1 - - 14 11
1024 8 - - - 1 7
Total 100 2 4 22 39 33
* All children received complete series of three inoculations of vaccine during the 1954 Field Trial and were
in the contingent of children selected for bleedings. All five samples of blood were tested simultaneously.
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Table 90

SECOND, THIRD, FOURTH, AND FIFTH SERUM TITERS OF 19 MICHIGAN CHILDREN
WITH NO ANTIBODY TO ANY TYPE PRIOR TO VACCINATION*

Identi-
fication
Number
1
2 16 16 <4 16 64 | 1024 4 64 64 256 | <4 16
3 <4 <4 4 64 <4 <4 | <4 8 <4 <4 | <4 64
4 16 | <4 T |1024 64 16 T 1024 64 <4 T 256
5 8 T <4 |1024 16 T 4 1024 16 T | <4 64
6 8 T T |1024 16 T T 1024 16 T T 64
i <4 <4 <4 |1024 16 <4 | <4 1024 4 <4 | <4 64
8 8 4 T {1024 16 16 16 1024 16 8 16 256
9 16 <4 <4 (1024 256 16 8 1024 64 64 8 256
10 16 T 8 {1024 64 64 16 256 16 T | <4 256
11 64 <4 <4 (1024 64 8 8 1024 64 <4 | <4 64
12 16 16 256 1024 256 64 64 1024 64 16 64 1024
13 16 <4 <4 (1024 16 8 4 256 64 8 | <4 64
14 14 8- <4 |1024 256 16 8 1024 64 8 8 256
15 64 16 8 11024 64 64 16 256 64 256 64 256
16 <4 T <4 4 <4 T | <4 64 <4 T | <4 16
17 16 4 8 (1024 64 8 16 1024 16 <4 4 256
18 16 15 8 (1024 64 16 64 1024 8 - 8 4 64
19 <4 <4 <4 T <4 <4 | <4 16 <4 <4 | <4 1024
T = Toxic.

*

All 19 children received complete series of three inoculations of vaccine during the 1954 Field Trial. First,

second., and third bloods were drawn routinely during the Field Trial. Fourth and fifth bloods were drawn
approximately one year after the 1854 vaccine clinics began, the fourth just prior to and the fifth two weeks
subsequent to the administration of a single "booster shot" of vaccine in the spring of 1655. All five speci-

mens of blood were tested simultaneously.

bleeding, .10, 5, and 9 children were re-
ported as less than 4 to TypesI, II, and I,
respectively, A booster response to each
type of virus was demonstrated in the fifth
sera of all 19 children. Most of them attained
levels of 64 or greater, and a surprising pro-
portion reached the level of 1024 or greater.
Subjects 3 and 19 showed no initial response
to any type but did respond to the booster
stimulus, suggesting that they may have been

sensitized by the initial vaccine even though
no demonstrable antibodies were present.

Data from this study, though limited in
scope and extendability, show that the admin-
istration of vaccine approximately one year
after the initial vaccine stimulus provided a
substantial booster effect on the antibody
levels of these 100 children.
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Figure 13

INITIAL RESPONSE vs.

RETURN TO NEGATIVE ANTIBODY STATUS
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Figure 14

INITIAL RESPONSE vs.

RETURN TO NEGATIVE ANTIBODY STATUS
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Figure 15

INITIAL RESPONSE vs.

RETURN TO NEGATIVE ANTIBODY STATUS
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