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Serologic Response of School Children to Delayed Second Inoculation of 
Polioniyelitis Vaccine.* (23428) 
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A nn A r b o r 

In the spring of 1955 scheduled inocula- 
tions of poliomj-elitis vaccine were greatly de- 
ranged by unanticipated shortages of vaccine. 
Furthermore. man!. children. having received 
the first injection in the spring a t  clinics held 
in schools. went away for summer vacations 
and it was not possible or practical even when 
vaccine was later available to continue mass 
inoculations until school opened again in the 
fall. This circumstance necessitated a delay 
of approximately 5 months between injections 
and many physicians were concerned about 
resuming immunization after such a delay. 
A question frequently encountered was 
whether or not the entire inoculation series 
should be started over again. The present 
paper attempts to answer this question by 
presenting evidence of the serologic status of 
children before and after such a delayed sec- 
ond inoculation and comparing the results 
with those obtained following 2 doses of vac- 
cine administered a t  an interval of only one 
month. 

Mcthods.  Groups of children in 3 .4nn .4r- 
bor schools were studied. All were in the 1st. 
2nd or 3rd grades of school and none had re- 
ceived vaccine during the field trial of 1954. 
They had been injected with 1 nil of commer- 
cial vaccine in April. 1955. but since a short- 
age was not anticipated. no blood specimens. 
unfortunately, had been obtained a t  that 
time. Shortly after the opening of school in 
the fall, clinics were set up in each school to 
administer second doses of the vaccine 5 
months after the first. At this time samples 
of blood were taken from a total of 2 2 1  sub- 
jects in 3 schools on the (lay of the second in- 
oculation and again 2 weeks later. In addi- 
tion, a small number of children who had not 
been inoculated in the spring but were receiv- 

ing vaccine for the first time were studied as 
controls. Serum specimens were diluted 1’4, 
1 S. 1 16. 1 ’64, 1 256 and 1 1024and anti- 
body titers against the 3 immunologic types 
of poliomyelitis virus were determined by neu- 
tralization tests against 100 tissue culture 
doses of virus in stationary tube cultures of 
HeLa cells. 

Rcsidts. Table I presents the antibody 
status of the 221 subjects before and after 
the delayed second inoculation. I t  should be 
noted that these results represent the presence 
of antibody a t  any demonstrable titer starting 
with the lowest dilution tested ( ; /A ) .  It  is of 
considerable interest that so little antibody 
wts demonstrated approximately 5 months 
following the first inoculation. This may be 
due in part to a temporal decrease in titer 
but more likely reflects the inadequacy of the 
binyle stimulus. Thirteen percent of the chil- 
dren had no demonstrable antibody to any 
type of virus prior to the secondary stimulus 
but none was left without some antibody to 
a t  least one type following the second injec- 
tion. Percentages of children without anti- 
bodies to specific types of virus were also 
drastically reduced following the second stim- 
ulus. The most effective antigen had been 
that of the type I1 component which left only 
2 3 F  ( 13 lacking in all 3 types plus 10% 
without type 11) of the children deficient be- 
fore the second injection. Only one child 
(0.47; ) however. was without these anti- 
bodies after the additional stimulus of the 
second injection. Although a total of 33% 
of the children lacked type I antibodies be- 
fore the second inoculation, only 4% were 
still deficient afterwards. The  type 111 com- 
ponent of the vaccine was the least effective, 
leaving altogether 535ZG without antibodies 

* This study ~ a j  aided by ,,rant Sat ional  Fn. prior to the second stimulus after which, how- 
for Infantile Paralysis. Presented a t  41st Ann. ever, Only 12% to respond- On the 
Meet. of .4m. A s n .  of Immunol., Chicago, I]]., April 
17, 1957. 

positive side the percentage of subjects hav- 
ing antibodies to all 3 types was increased 
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ThET.E I. Ailtibody Pa t te rn  of School Children hefore and af te r  Delaycd Second Inoculation 
of Poliomyelitis Vaccine. 

221 subjects: 10 subjects: 
I)elayed 2nd inocu1:itioii 1 st inoculation 

Refore After Refore Af te r  
KO. (%> No. (%) 

S o  antibody to any type 80 (13 )  0 ( 0 )  2 1 

S o  ailtibody to : 
Typo T only 20 

r o r u  6 
I o r I T I  19 45 (20)  10 ( 4 )  4 2 
11 only 4 
TI or T T r  1 3  
J I  o r 1  6 23 (10) 1 ( 0.4) 5 2 

I I I o r  I1 13  88 (40) 27 (12 ) 6 5 
hntibody t o  all three tTpcs 7 3  (33 )  189 (85 ) 3 5 

T I 1  oiily 56 
T I I o r T  19 

ANTIBODY RESPONSE TO POLIOMYELITIS 

SCHOOL CHILDREN 

DEIAYED SECOND FIRST INJECTION 

2256r (221 SU6JECl5)  (10 SU6JEClS) 
INJECTION 

VACCINE 

ADULTS 

TWO INJECTIONS 
ONE MONTH APART 

(17 SUBJECTS) 

TYPE I II Ic 
6EFCRE AFTER BEFORE AFTER BEFORE AFTER 

m G .  I .  

from 33 to 85% following the delayed second 
stimulus. In contrast to these results the 
antibody pattern of the 10 children receiving 
their first inoculation a t  the same time 
changed very little. 

Since the above data were based on the 
presence or absence of detectable antibody a t  
the lowest dilution tested (g), the mean in- 
crease in actual antibody titer is a better 
measure of the serologic response of these 
subjects. Fig. 1 compares the geometric 
mean titers of children receiving the delayed 
second injection with those being inoculated 
for the first time and with a small group of 
adults which were vaccinated twice at  an in- 
terval of one month with the same vaccine. 
The delay did not inhibit a satisfactory re- 
sponse. A better measure of the effectiveness 
of vaccination is usually seen when only 
those having no demonstrable antibodies prior 
to injection are considered. Fig. 2 presents, 
therefore, the mean titers attained by persons 
without antibody to any type and by those 

who had been negative to specific types prior 
to the second injection. The response was 
quite satisfactory when compared with that 
of a small group of adults who were negative 
to type prior to the first of 2 injections of the 
same vaccine. 

Fig. 3 is a further effort to compare the 
present results with other groups of individ- 
uals receiving only 2 injections of vaccine at 
an interval of one month. Unfortunately, no 
data are available in this laboratory on school 
age children receiving 2 injections 4 weeks 
apart. However, several groups of infants, 
pre-school children and adults have been ob- 
served as part of other studies( 1,2) and are 
therefore included for comparison. From 
these data it is apparent that the mean anti- 
body titers to types I and I1 poliomyelitis are 
higher in school children following the de- 
layed second inoculation than in any of the 

POLIOMYELITIS SEROLOGY AFTER TWO DOSES 
OF VACCINE IN SUBJECTS W I T H  N O  

PREVIOUSLY DEMONSTRABLE ANTIBODIES 

IN J ECTl ONS 
ONE M o w n  

(ADULTS) 

DELAYED 
SECONO INJECTION 

(CHILDREN) 
NEGULTYPES NEG.10 TTPE NEG.TOTVPE 

FTG. 2. 
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RESPONSE OF VARIOUS AGE GROUPS FOLLOWING 

T W O  DOSES O F  D I F F E R E N T  V A C C I N E S  
NEGATIVE TO TYPE PRIOR TO INJECTION 

VAC IN  .I VACCINECZ VACCINE% VACCINE *4 
&%D SEc-'lI II i r - - - r i  
INJECTION 8 w F C H I L D I P N  AOUTS INFANTS PftE-Socx)L P R E - S M Q  AWLTS 

FIG. 3. 

other groups which received 2 inoculations 4 
weeks apart. Furthermore, only 2 groups, 
both adults, had higher type IIT responses 
than were found in the present study. 

Discussion. The data presented are not in- 
tended in any way to imply that a deliberate 
lengthening of the time interval between the 
first and second inoculation of poliomyelitis 
vaccine should be practiced, nor are they pre- 
sented as a substitute for the recommended 
schedules of inoculation. Salk ( 3  1 has re- 
cently discussed thoroughly the effect of varia- 
tions in dosage schedules and has noted that 
response to multiple injections is enhanced 
with the increase in time between inocula- 
tions. He has pointed out, however, that such 
an interval would be undesirable if the in- 
completely vaccinated person by virtue of 
season or community would be undergoing a 
greater risk of infection. The present study 
was made because of the fact that such un- 
foreseen deviations from recommended sched- 
ules do occur and raise doubt in the minds of 
the physicians and of the subjects themselves 
as to the degree of response under these cir- 
cumstances. 

It is no surprise that a second inoculation 
delayed 5 months seems to act exactly as a 
booster injection, the effects of which have 
been adequately documented for poliomyelitis 
vaccine(4,5,6). Perhaps the most unex- 

pected finding is the extent of this response 
when preceded by only a single primary 
stimulus. Serologically a t  least the individ- 
uals are better conditioned than those receiv- 
ing 2 inoculations one month apart and not 
followed up with a third or booster injection. 

Summary. The serologic response of school 
children receiving the second inoculation of 
poliomyelitis vaccine 5 months after the first 
injection was studied. Thirteen percent had 
no demonstrable antibodies to any of the 3 
types of virus prior to the second stimulus and 
many others were lacking in antibodies to one 
or two types. Only 3370 had antibodies to 
all 3 types. Two weeks following the delayed 
second injection none was without antibodies 
to any type, and 85% had antibodies to all 3 
types. The antibody levels attained by these 
children were a t  least as good if not better 
than those of other age groups following 2 in- 
jections at  an interval of one month. The 
conclusion is made that a delay of 5 months 
hetween the first and second injections of 
poliomyelitis vaccine, although not normally 
recommended, actually proves advantageous 
in terms of serologic response. 
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