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The Serological Assessment of a Tetanus Toxoid
Field Trial *

K. W. NEWELL,' D. R. LEBLANC,2 G. EDSALL,3 L. LEVINE,4 H. CHRISTENSEN,5t
M. H. MONTOURI,6 & N. RAMIREZ 7

To determine the effectiveness of a method for controlling tetanus neonatorum, a
double-blind controlled trial involving 1 618 women was conducted between 1961 and 1966.
Women in the study were given 1-3 injections (1 ml) of aluminium-phosphate-adsorbed
tetanus toxoid or a placebo (influenza vaccine). At the conclusion of the trial, 5-ml samples
of blood were obtainedfrom 299 women. Sera were titrated for anti-tetanus antibodies by
two methods.
A comparison of the clinical and laboratory results showed a close relationship. It is

suggested that the level ofprotection may be lower than is at present accepted. Antitoxin
levels were inversely related to age and directly to the interval between injections. Two
widely spaced injections (8 months or more) may be about as effective as 3 injections.
One injection ofspecially prepared toxoid with a high immunizing potency might give signi-
ficant protection.

It has been shown that immunization of mothers
during pregnancy would protect their infants from
tetanus neonatorum through the transplacental pas-
sage of maternal anti-tetanus antibodies (Schofield,
Tucker & Westbrook, 1961). Although this study
demonstrated that active immunization of pregnant
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women reduced or prevented the occurrence of
tetanus neonatorum in their babies, the optimum
immunization schedule for such protection remained
to be established. Moreover, the practical difficul-
ties of immunizing pregnant women, in areas where
tetanus neonatorum is prevalent, are formidable.
Therefore, a 5-year, double-blind, controlled field
trial was undertaken, in which women in the child-
bearing age group were immunized regardless of
pregnancy status (Newell et al., 1964). This trial
clearly showed that either two or three injections
(but not one injection) of a particular batch of
adsorbed tetanus toxoid eliminated tetanus neona-
torum for the entire remaining period of the trial
(Newell et al., 1966). The conclusion of this trial
presented an opportunity for serological assessment
of tetanus antitoxin levels in groups of women with
different tetanus toxoid immunization histories who
had been under surveillance for up to 4 years for
tetanus neonatorum in their babies. This made pos-
sible the combining of immunological and clinical
information, and the findings could therefore be used
in an attempt to provide an immunological inter-
pretation of the clinical results.8 In addition, the

8 The validity of using maternal antitoxin levels as a basis
for inferring the range of antitoxin levels achieved in the
neonate has been confirmed repeatedly in the past (e.g.,
Edsall, 1956).
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relation of antitoxin levels to variations in maternal
age, parity, and time intervals between toxoid injec-
tions was investigated.

METHODS

Description of trial

A double-blind controlled field trial of tetanus
toxoid involving 1 618 women was conducted be-
tween 1961 and 1966 in a rural area of Colombia
where an estimated tetanus neonatorum death rate
of about 12 per 100 births was known to occur;
this area has been described elsewhere (Newell
et al., 1966).

Volunteer women subjects between the ages of
13 and 45 years were randomly divided into two
groups. The members of one group (toxoid) received
an injection of 1 ml of a 10 Lfcommercial aluminium-
phosphate-adsorbed tetanus toxoid, and members
of the other group (placebo) received an intramus-
cular injection of a polyvalent influenza virus vac-
cine.' Altogether, 527 women accepted only one
injection, 289 accepted two injections, and 802 ac-
cepted three injections. These groups were similar
in all relevant respects. These women, and 1 158
other women (observed comparison) who were not
included in the controlled study, were followed for
more than 4 years to record the incidence of tetanus
neonatorum among their children.
The distinction between tetanus neonatorum and

other conditions in the first 30 days of life was
made by means of four criteria elicited by ques-
tioning the mothers in conjunction with direct
observation and medical records. Birth rates and
tetanus and non-tetanus death rates were related
to the vaccine group and to other factors by means
of master cards. The term "registered birth " is
used (see below) to describe births recorded by
the investigators after the start of the study.

Children of women in the observed comparison
group had an overall tetanus neonatorum rate of
6.7%. Children born to the placebo group had a
similar tetanus neonatorum rate (7.9 %). These rates
were also similar to the rate in children of mothers
who had had only one injection of tetanus toxoid.
There were no recorded cases of tetanus in the chil-
dren of mothers who had two or three injections of
tetanus toxoid. The difference between this rate (0%)

1 In previous papers dealing with this study, the groups
now designated as toxoid, placebo, and observed comparison,
were called study, control, and non-immunized, respectively.

and that of children who had two or three injections,
was more than 5 times the standard error and is
extremely unlikely to have been due to chance
(P <0.0000001).

The serological study

In May 1966 the observational part of the study
was completed and blood for the serological study
was collected over the next 2 months. During this
period an attempt was made to visit as many of
the women, in all groups, as possible in order to
thank them for their co-operation, to inform them
of the results of the study, and to offer tetanus toxoid
immunization to all unprotected women (placebo
and observed comparison groups), or a single tetanus
toxoid booster to women in the toxoid group.

In addition, some women were asked to donate
5 ml of venous blood for serological evaluation;
these requests were not made at random because
of the known great difficulties in collecting blood
specimens from this population. Priority in selection
was given to those areas that contained co-operative
households, to reasonably accessible areas, to house-
holds containing women who were known to have
received tetanus toxoid during the trial, and to
households that included more than one woman who
had registered a birth during the trial. When a house-
hold had been selected, an attempt was made to
obtain acceptances from all women resident in that
household. In return a photograph was taken and
given to the family, a haemoglobin estimation was
made, and a supply of ferrous sulfate was offered to
all women with a haemoglobin reading of less than
10 g/100 ml. This procedure resulted in the collec-
tion of 300 blood samples; the total number of accep-
tances and specimens was limited by the capacity of
the laboratory. The results for one woman have
been excluded since her records do not clearly state
whether she received one or two tetanus toxoid injec-
tions. The sera of five others were insufficient for
all the laboratory examinations.

All blood specimens were kept at 4-80C overnight
in Cali. The next day the serum was separated by
centrifugation and stored over solid carbon dioxide
(-79°C) until it could be shipped, still packed in
solid carbon dioxide, by air courier to the laboratory
in Boston, USA.

Tetanus antibody levels were estimated for all
sera, using both the haemagglutination (HA) and
toxin neutralization (TN) methods. The number of
women who participated in the main study and the
serological survey is shown by group in Table 1.



SEROLOGICAL ASSESSMENT OF TETANUS TOXOID FIELD TRIAL

Table 1. Study population by group and immunization
status

Main SerologicalStudy population study study a

toxoid group

1 injection

2 injections

3 injections

placebo group

observed comparisc

total

255

145

372

846

61 (23.9)

49 (33.8)

139 (37.4)

33 (3.9)
1. 1. cxn group 1 Iou6 -I / I .0)

2 776 299 (10.8)

"i Percentage of main study group examined serologically in
parentheses.

Women who received one or more injections of
tetanus toxoid are best represented in the serological
investigation, but the absolute numbers are small in
all groups except the one receiving three injections
of tetanus toxoid.
Records are available for year of birth, total parity,

number of registered live births during the main
study, and interval between injections. The distribu-
tion of these characteristics is shown in Table 2. The
mean year of birth decreased when the number of
injections increased so that, on the average, women
who received only one injection were 1 year younger
than those who received two injections, who in turn
were 1 year younger than those inoculated three
times. There were differences in mean parity and
registered live births between the injection groups.
Women given three injections of toxoid had the

Table 2. Serological study; number of women in the study population characterized
by year of birth, parity, and number of registered live births

Characteristic

year of birth

1920-29

1930-39

1940-49

1950-52

total

Parity

0

1 -3

4-6

.7

Toxoid group; no.
of toxoid injections

1 2 3

10 11 44a

18 15 35

33 21 50

_ 2 10

61 49 139

1 1 12 28

20

1 8

1 2

total 61

no. of registered
live births

0 20

1 1 1

2-3 30

6

total 61

16

10

1 1

49

23

12

13

Placebo cIObservedPlceou comparisongroup ~group

8

9

14

2

33

9

45 6

28 1 2

38 6

1 39 33

54

41

44

2

9

5

17

Total

75

78

127

1 9

299

7 67

7 94

1 69

2 69

17 299

14 10

7 5

10 2

2

121

76

99

299

"i Including one person born in 1 91 6.
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Table 3. Women inoculated twice with tetanus toxoid:
distribution by year of first injection and interval

between first and second injections

Interval First injection
(days)

1st and Oct.-Dec. Jan.-Dec. Jan.-June Total
2nd injections 16 92 16

690 - 7 11 18

91-120 2 - 2 4

121-240 7 5 1 13

241-360 6 1 - 7

> 360 7 - - 7

total 22 { 13 14 49

highest average number of registered births. The
intervals between injections of tetanus toxoid in
women inoculated two and three times are shown in
Tables 3 and 4. Women given their first injection
in 1961 received their second injection from 6 weeks
to more than 11/2 years later. The range of interval
between injections decreased in later years and nearly
all those who received their first injection in 1963
had their second injection within 90 days. The range
of interval between the second and third injections
varied similarly. The mean interval between the
first and second injections was 286 days for women
given only two injections, and was 157 days for

women given 3 injections. The mean interval be-
tween the second and third injections was 135 days.

Toxoid

Lederle Laboratories aluminum-phosphate-ad-
sorbed tetanus toxoid lot No. 1938-174 was used
for the majority of inoculations. In 1967, a sample,
taken from the coldroom reserve, was found to have
a potency of 42 international units (IU) per dose.

Titration of tetanus antibodies

In order to conserve serum, time, and mice, the
standard practice of the laboratory is to determine
the tetanus antibody titre first by the indirect or

" passive " haemagglutination (HA) technique (Boy-
den, 1951; Levine et al., 1960; Stavitsky, 1954) in
order to establish the range in which to test for the
tetanus antitoxin (i.e., the toxin neutralizing) titre.
Thus two sets of titres were obtained (with a few
exceptions owing to insufficient quantity) for every

serum.
The HA titre is expressed in terms of haemagglu-

tinin units (HU), rather than as an endpoint dilution,
by running a standard tetanus antitoxin with each
group of sera and making the assumption that the
endpoint tube of the unknown has the same unitage
as that of the standard. This minimizes the effect of
variations in reciprocal dilutions that occur on

changing reagents and in comparing results between
laboratories. Although each type of titration is based
on a comparison with the same standard antitoxin,
the HA titre when performed with our technique

Table 4. Women inoculated three times with tetanus toxoid: distribution by year of first injection and intervals
between first and second, and second and third injections

Intervals between 1st and 2nd injections (days)
Interval
(days) Jan-
between Oct.-Dec. 1961 Jan-Dec. 1962 Apr. Total

2nd and 3rd 1 963
injections i

<90 191-120 !121-240 241-360 > 360 <90 91-120 121-240 241-360 > 360 .90

< 90 9 10 10 4 7 20 5 2 2 1 9 79

91-120 2 2 2 1 - 2 1 1 - - 1 1 2

121-240 5 2 4 8 2 2 1 2 _ - - 26

241-360 - 1 4 2 _ 1 2 - _ _ 1 0

> 360 4 3 3 1 - - 1 - _ - - 12

total 20 18 23 16 9 25 10 5 2 1 10 139
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has always exceeded the TN titre. A logical explana-
tion for this would be that the absence of IgM in
the purified equine standard used inflates the HA
titres of test sera that possess a normal complement
of this efficient agglutinating, class of globulins. In a
series of 206 sera titrated by both the HA and the
TN methods, a correlation coefficient of 0.95 was
found between HU and antitoxin units (AU). The
regression equation relating these parameters was
log AU= 1.0885 log HU-0.6741 (Levine & Wyman,
1964).

Toxin neutralization method

The method of Ipsen (1942) using mice was used
in two-fold serum dilutions, starting at 0.0025 AU/ml.
In the statistical treatment of the data, titres that

were below the sensitivity of the method were treated
as being in the next lower interval.

RESULTS AND DISCUSSION

Effects of number of injections on serum anititoxin
levels
Table 5 shows that the 60 women who received one

injection, and submitted to serological sampling, had
a mean serum antitoxin titre of 0.004 AU per ml.
The 48 who had two injections of toxoid had a mean
titre of 0.101 AU per ml. This is a 25-fold (or
2 400%) leap, typical of the secondary rise. The 139
surveyed women who received an additional (third)
injection manifested a further increase in residual
titre of only 49%, to a mean of 0.150 AU per ml.

Table 5. Distribution of serum tetanus antitoxin titres by immunization status

No. of injections
Titration Observed Total
(AU/mti)n Study group Placebo group comparison non-

(AU/ml)

231 ______[ group immunized1 1 2 3 1 2 33
< 0.0025 a 28 4 1 2 2 27 14 45

0.0025- 16 - 2 - - - - -

0.005- 4 - 6 _ - 1 _ 1

0.01- 6 4 3 ---1

0.02- 2 7 13 - - --

0.04- 4 10 199 - _ _ _

0.08- - 4 28 2 - 2 1 4

0.16- - 5 22 - - - --

0.32- - 7 30 - - - --

0.64- - 1 5 - - - --

1.28- - 4 8 - - --

2.56- - 2 2 - - --

total 60 48 139 2 2 28 15 47

information not available 1 1- - - 1 2 3

grand total 61 49 139 2 2 29 17 50

log mean AU/ml -2.3758 -0.9961 -0.8234

mean AU/ml 0.0042 0.101 0.150

lower 95 % confidence limit 0.0032 0.057 0.117

upper 95 % confidence limit 0.0055 0.178 0.192

a For the calculation of means, titres that fell below 0.0025 were assumed to fall into the interval 0.00125-0.0025; therefore, means
for the unimmunized subjects are not realistic.
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Table 6. Distribution of tetanus haemagglutination titres by immunization status

No. of injections

Study group

2

11

5

3

3

1 1

7

121 12

5

4

61

information not available

grand total

log mean HU/ml

mean HU/ml

lower 95 % confidence limit

upper 95 % confidence limit

61

-1.6494

0.0224

0.0142

0.0353

Placebo group

23

3

1

3

3

2

1 3

9

5

5

3

3

3

9

22

21

29

26

115
7

2

2 2 8

5

4

2

6

2

_~ 1

49 139 2 2 28
__ _- --

AN 4 4^ q ~~~~~~~~~~to13J9 249

-0.4095

0.389

0.216

0.702

Observed Total
comparison non-

group immunized

7

1

3

3

1 9

6

4

2

7

5

4

1 5 47

2 3

17 50

-0.1883

0.648

0.514

0.817

" For the calculation of means, titres that fell below 0.002 were assumed to fall into the interval 0.001 -0.002; therefore, means for the
unimmunized subjects are not realistic.

Table 6 gives corresponding data for the HA test
results. The mean titres for surveyed women with
one, two, and three injections were, respectively,
0.022, 0.389, and 0.648 HU per ml. The percentage
increase was over 1 600 for the second injection and
66 for the third. Further comparisons of the two
methods are given below.

The striking difference between the geometric
mean titres found in subjects receiving two doses of
toxoid and those receiving one clearly explains the
great difference in protection produced by the two
schedules, and re-emphasizes the importance of the

secondary response in fulfilling the objectives of
immunization programmes using conventional non-

living antigens.
These findings correspond well to the results of

the observational study. They establish, as expected,
a clear relationship between maternal serum anti-
toxin levels and the number of tetanus toxoid injec-
tions. With the toxoid used in this study, it appears
that two doses was the minimum number required
to achieve either group protection or a protective
mean TN titre.
The toxoid, when tested for potency in 1967

Titration
(HU/ml)

0.002 "

0.002-

0.004-

0.008-

0.016-

0.032-

0.064-

0.13-

0.25-

0.5-

1.0-

2.0-

4.0-

8.0-

1 6.0-

total
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against the international standard for adsorbed teta-
nus toxoid, had 42 IU per ml. This relatively low
value gives only an approximate clue to its immuniz-
ing potency, since some loss may have occurred over
a 6-year period. However, this value may be com-
pared with that of routine adsorbed tetanus toxoid,
produced and distributed by the State Laboratory
Institute, Boston, of 100-120 lU/ml, and the moder-
ate but significant response to a single dose of this
toxoid (Levine et al., 1966). Great variations in the
potency of toxoids of similar type are often found
(Snyder, Edsall & Levine, 1966). Many toxoids in
general use (e.g., Tasman & Huygen, 1962; Mac-
Lennan et al., 1965) induce little or no antibody
response following a single dose and hence could
hardly be expected to furnish significant protection.
On the other hand, some preparations induce a pro-
tective level in a high proportion of subjects after one
dose (Edsall, 1967). Thus it is possible that another
toxoid with a higher immunizing potency might
result in significant clinical protection and higher
residual antitoxin levels even if only one dose were
given.
A comparison of average serum antitoxin levels

for groups of women inoculated for the first time
in 1961, 1962, or 1963 did not indicate any differ-
ences that could not be ascribed to chance factors.
The finding that clinical protection lasted for at least
5 years is therefore supported, and the serological
results suggest that protection might, in many sub-
jects, have lasted for a much longer period.

Serlunm antitoxin levels, tetanu(s neonatorunm, and the
pr-otective threshold

The study (Newell et al., 1966) showed a tetanus
neonatorum case incidence of 9 in 224 births, or 4 %,
in infants of mothers who received only one injection.
There were no cases in 341 infants of mothers who
received more than one injection. It could be pos-
tulated, therefore, that the protective threshold must
lie somewhere between the mean titres of women
who received one injection and those who received
two. Unfortunately, this range is enormous (24-fold)
because of the fundamental nature of the secondary
response. We can only say, therefore, that this
threshold appears to be greater than 0.004 and less
than 0.101 AU per ml.

Seven tetanus neonatorum deaths were observed
among children born to women who agreed to take
part in the serological survey. Two of these deaths
occurred in babies born to mothers who had not yet

received an injection, and five deaths were in babies
born to mothers who had had one injection by the
time of their deliery. The intervals from the toxoid
injection to the death of the baby were 5 weeks, 11
months, 2 years 3 months, 3 years 8 months, and
4 years. Three of these mothers had no further in-
jections and at the time of the serological survey their
serum antitoxin levels were all less than 0.0025 AU/
ml. This observation may suggest a lower protective
threshold than the conventional 0.01 AU/ml. Table 5
shows that of 60 women given one injection, 28 had
no detectable titre in 1966 and 20 had levels below
0.01 AU/ml. The probability that three women in
this category, i.e., women given one injection of
tetanus toxoid, would by chance alone have a titre
below 0.0025 AU/ml, rather than one of 0.0025
AU/ml or more, is only 1: 10. This suggests that
those women with titres between 0.0025 and 0.01
may have been protected and that the threshold may
be in this range.

Comparison of the neutralization and haemaggluiitna-
tion methods

Table 7 shows, for women injected two or three
times with tetanus toxoid, a good correlation between
the serological data obtained by the two methods of
estimating tetanus antibody levels. Disregarding
women in ill-defined titre classes, i.e., with a toxin
neutralization titre of less than 0.0025 AU/ml, a
correlation coefficient of 0.87 is found between
haemagglutination and antitoxin units. After this
truncation, only one woman had a titre of less than
0.002 HU per ml. This level appears extremely
doubtful for a woman who has had two toxoid injec-
tions and therefore she is not included in the analysis.
The regression equation is log AU = 0.9376 log HU -
0.6397. The term " predicted antitoxin unit " (PAU)
is used to express the estimate of antitoxin units on
the basis of haemagglutination units.
For non-immunized women or those inoculated

only once with tetanus toxoid, on the other hand,
there are major discrepancies in the results obtained
by the two titration methods, as shown in Table 8.
Table 9 compares the main serum titres and their
precision for subjects with one, two, or three injec-
tions of antigen. In order to avoid the problem of
ill-defined titre classes, women with a titre of less than
0.0025 AU/ml have been omitted from this analysis.
Consequently, most observations for the non-
immunized group have had to be discarded, and
cannot be considered in this connexion. The results
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Table 7. Correlation between serum tetanus antibody titres as determined by toxin neutralization and haemagglu-
tination methods for women inoculated two or three times with tetanus toxoid

Haemagglu- Toxin neutralization titre (AU/mi)
tination Toxin__ neu raiza io titre __(AU/ml)_

titre tal_(HI/ml) <0.0025 0.0025-1 0.005- 0.01- 0.02- 0.04- 0.08- 0.16- 0.32- 0.64- 1.3- 2.5-

< 0.002 2 1 3

0.002-

0.007-

0.008- 1 1 2

0.016- 1 2 1 4

0.032- 1 2 3 6

0.064- 2 3 2 5 1 2

0.13- 7 11 4 1 1 24

0.25- 1 1 2 16 12 2 34

0.5- 2 2 13 12 9 38

1.0- 3 1 1 16 30

2.0- 10 6 4 20

4.0- 1 1 6 2 10

8.0- 2 2

16.0- 2 2

total 5 2 6 J 7 20 ]29 32 27 37 6 12 4 187 a

aInformation not available for one woman.

obtained from the haemagglutination method are
given in terms of antitoxin units predicted on the
basis of the regression equation given above.

This comparison shows that the two methods give
almost parallel results for groups of subjects receiv-
ing two or three injections, whereas a major discrep-
ancy is frequently observed with those who received
one injection or none. This discrepancy can presum-
ably be explained in terms of two quite different
mechanisms. In the subjects who received no tetanus
toxoid, we believe that this phenomenon is due to
nonspecific agglutinins that are found at low levels
in some sera. Heremans, Vaerman & Vaerman (1963)
reported such agglutinins in the passive HA titration
of the IgM fraction of normal human serum. Our
experience with this agglutinin (Levine et al., unpub-
lished data) indicated that the addition of antigen
(tetanus toxoid) did not block its activity. It could
be measured by sensitized latex particles as well as
by red blood cells (thus excluding reaction with a
surface agglutinogen), and when unimmunized per-

sons showing this agglutinin were given an injection
of tetanus toxoid, they showed no increase in titre
at day 7, further indicating that this agglutinin has
no real immunological relationship to tetanus toxoid
as antigen (Edsall et al., unpublished data). On the
other hand, the shift in the PAU/AU ratio with
increasing numbers of injections (Table 9) lends
support to the assumption, mentioned earlier, that
a component of the haemagglutination mechanism
is determined by the presence, and relative concen-
tration, of specific IgM antibodies that contribute
greatly to haemagglutination (Lindqvist, 1968) but
much less to tetanus toxin neutralization (D. Ourth,
W. C. Latham & G. Edsall, unpublished data).
Thus it appears that although the haemagglutination
technique is of recognized value in screening titra-
tions of large groups, or in preliminary titrations to
indicate where more accurate measurements should
be made, it may clearly be unreliable in the lowest
measurable ranges, particularly when a hypersensi-
tive system such as the one employed here is used.
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Table 8. Correlation between serum tetanus antibody titre as determined by toxin
neutralization and haemagglutination methods for women inoculated once or not

inoculated with tetanus toxoid

Haemagglutination Toxin neutralization titre (AU/ml) a
titre Total a

(HU/ml) < 0.0025 0.0025- 0.005- 0.01- 0.02- 0.04-

<0.002 30 (11) 30 (11)

0.002- 10 (4) 1 (1) 11 (5)

0.004- 5 (1) 2 (2) 7 (3)

0.008- 5 (3) 5 (3)

0.010- 11 (4) 6 (6) 1 (1) 18 (11)

0.032- 7 (2) 4 (4) 11 (6)

0.064- 5 (3) 1 (1) 4 (3) 6 (5) 16 (12)

0.13- 2 (2) 1 (1) 1 (1) 1 (1) 5 (5)

0.25- 1 (1) 3(3) 4 (4)

total 73 (28) 16 (16) 5 (4) 7 (6) 2 (2) 4 (4) 107b(60)

a Values in parentheses show number of women with one tetanus toxoid injection.
b Information not available for four women.

Table 9. Comparison of mean titres and their precision

Group a

1 injection 2 injections 1 3 injections

Toxin neutralization method

no. of observations b 32 44 138

mean AU/ml 0.0085 0.1450 0.1551

lower 95 % confidence limit 0.0059 (0.69) 0.0894 (.062) 0.1219 (0.78)

upper 95 % confidence limit 0.0123 (1.45) 0.2352 (1.62) 0.1972 (1.27)

Haemagglutination method

no. of observations 32 43 138

mean PAU/ml 0.0176 0.1516 0.1553

lower 95 % confidence limit 0.0116 (0.66) 0.1026 (0.68) 0.1253 (0.81)

upper 95 % confidence limit 0.269 (1 .53) 0.2240 (1.48) 0.1928 (1.24)

ratio of means PAU/AU 2.07 1.04 1.00

a Values in parentheses indicate the ratio between the confidence limit and the mean value.
b Observations in titre classes of less than 0.0025 AU/ml or 0.002 HU/ml are excluded.
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Table 10. Antitoxin titres observed in women inoculated with tetanus toxoid once
or three times, by age

Titre after 1 Titre after 3
Titre toxoid injection toxoid injections

(AU/ml)
|years < 24 >2 25 years

< 0.0025 15 13 - 1

0.0025- 11 5 1 1

0.005- 3 1 - 6

0.01- 6 - 1 2

0.02- 2 - 6 7

0.04- 4 - 10 9

0.08- - - 10 18

0.16- - - 13 9

0.32- - - 21 9

0.64- - - 3 2

1.25- - - 6 2

2.5- - - - 2

total 41 19 71 68

mean titre 0.0054 0.0024 0.211 0.105

lower 95 % confidence limit 0.0038 0.0020 0.156 0.079

upper 95 % confidence limit 0.0078 0.0029 0.286 0.154

mean interval (days) between:

1st and 2nd injections - - 153 161

2nd and 3rd injections _ _ 123 146

Age and parity
Because of the limited number of observations,

each characteristic is presented in two classes only-
e.g., women less than 25 years of age and 25 years
of age or more (at year of first injection). The classes
were chosen arbitrarily in order to ensure a reason-
able distribution. The group with two toxoid injec-
tions was too small to warrant detailed analysis
(except for the interval between injections) and has
been largely omitted from consideration. The char-
acteristics have been considered two at a time to
attempt to isolate their individual effects on serum
antibody levels.
Younger women (those less than 25 years of age)

had a higher average antitoxin level than older
women (Table 10). Parity did not appear to be
related to serum antitoxin levels. Younger women

with a parity of 3 or more may have had lower anti-
toxin levels than those with a parity of 0, 1, or 2.
However, parity was associated with age, and age
variations could explain this difference. An inverse
relationship between age and antibody response has
been noted by Tasman & Huygen (1962) in compar-
ing subjects under 20 years of age with subjects
aged 20 years or older. In addition, there are consi-
derable experimental data to support the hypothesis
that the capability of responding to an immunogenic
stimulus decreases with age (see, e.g., a review by
Ram (1967)). However, the range of ages over
which this effect may be seen in man has not been
defined, nor has it been determined whether the
effect is due to a difference in the initial peak response
or in the subsequent rate of fall of the serum anti-
body titre, or both.
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Intervals between injections
The relationships of serum antitoxin levels to

intervals between injections have been examined by
year of first injection in order to avoid different
intervals between injection and collection of sera.
Regardless of the year of first injection, direct corre-
lation between residual antitoxin titre, and interval
between first and second injections, was found in
both the two-injection and the three-injection study
groups. Many investigators have shown, in both
man and animals (see, e.g., Fecsik, Butler & Coons,
1964), that longer intervals between antigen injec-
tions are associated with higher antibody levels fol-
lowing the second or subsequent dose. Furthermore,
in our study, a long interval between first and second
injections (Table 11) appears to result in a mean
serum antitoxin level that is little influenced by the
spacing of the third injection (Table 12), whereas a
shorter interval between first and second injections
appears to make the interval to the third injection
important.
The final mean serum antitoxin level of women

who received only two injections spaced more than
8 months apart was similar to that in those who
received three injections at long intervals, surpassing,
in fact, that of women given three injections at
relatively short intervals. If these findings are valid
and of general applicability, then two widely spaced
injections may be sufficient to give an optimum
result. In other words, the data suggest the possi-
bility that an exceptionally long interval between
two injections may make a third injection unneces-
sary. If such a finding were confirmed, it could
introduce a new dimension into immunization pro-
gramming, and it therefore deserves detailed investi-
gation.

CONCLUSIONS

The serological findings reported above confirm
and explain the clinical results reported previously
(Newell et al., 1966). They indicate that only some
of the subjects inoculated with a single dose of con-
ventional adsorbed tetanus toxoid will carry a mea-
surable level of tetanus antitoxin in their serum
4-5 years later. By contrast, a second dose, given
at least 6 weeks later, may yield a " protective " titre
lasting up to 5 years in about 900% of the recipients.
The data did not provide new information on the
level of serum tetanus antitoxin that constitutes the
threshold of protection, since over 90% of the pro-

Table 11. Distribution of titres in women inoculated
twice with tetanus toxoid, by interval between

injections

Interval (days)
Titre (HU/ml) - 90 I -oJ 24

S 90 |91-240 241

< 0.0025 2 1 1

0.0025- - - -
y

0.005- - -

0.01- 3 1 -

0.02- 4 3 _

0.04- 6 3 1

0.08- - 3 1

0.16- 2 2 1

0.32- 1 2 4

0.64- - - 1

1.28- - _ 4

2.56- - 1 1

total 18 16 14

mean titre 0.036 0.089 0.435

lower 95% confidence limit 0.018 0.036 0.142

upper 95% confidence limit 0.074 0.220 1.34

mean interval (days) 66 159 426

mean age (years) 23.9 23.1 26.1

tected groups had titres above the usually accepted
threshold-namely, 0.01 AU/ml. However, the data
suggested the possibility that the threshold may be
considerably lower than this value.
TN and HA titres showed a marked parallelism

for the groups of subjects who received two or three
injections, but for the subjects receiving one tetanus
toxoid injection or none, a number of low HA titres
were observed that probably represented nonspecific
agglutinins similar to those found in some individuals
of other groups that we have studied.
The clearcut inverse relationship between age at

first inoculation and serum antitoxin level adds to
the meagre information on the relationship between
age and the immune response in man. The direct
relationship between mean antitoxin levels and the
interval between inoculations confirms what has
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Table 12. Distribution of antitoxin titres of women inoculated three times with
tetanus toxoid, by interval between 1st and 2nd, and 2nd and 3rd injections

Interval between 1st and 2nd injections

Titre < 120 days > 121 days
AU/mi 2nd-3rd 2nd-3rd 2nd-3rd 2nd-3rd

injection: injection: injection: injection:
< 90 days > 91 days < 90 days > 91 days

<0.0025 1 - - -

0.0025- 1 1 _

0.005- 4 - 1 1

0.01- 2 1 - -

0.02- 8 1 1 3

0.04- 9 5 3 3

0.08- 11 5 8 4

0.16- 10 4 2 5

0.32- 5 8 7 10

0.64- 1 1 1 2

1.25- 1 4 1 2

2.5- - - 2 -

total 53 30 26 30

mean titre 0.080 0.219 0.228 0.219

lower 95 % confidence limit 0.054 0.127 0.128 0.134

upper 95 % confidence limit 0.119 0.378 0.405 0.357

mean interval (days) between:

lst and 2nd injection 78 83 300 248

2nd and 3rd injection 61 242 67 221

mean age (years) 23.2 24.6 25.9 28.1

previously been noted by others, generally in small
or relatively noncomparable groups. A two-injection
immunization schedule with an interval such as

8 months or more between injections resulted in
mean serum antibody levels similar to those obtained
with three spaced doses of toxoid.

RESUME

tVALUATION StROLOGIQUE D'UN ESSAI PRATIQUE D'ANATOXINE TtTANIQUE

On a ktudi6 les aspects de la r6ponse immunitaire At la
vaccination par une preparation standard d'anatoxine
tetanique chez des femmes afin de verifier si ce type
d'immunisation assure une protection efficace a long
terme contre le tetanos du nouveau-ne.

L'essai, mene par la methode du double anonymat,
et d'une duree de 5 ans, a port6 sur 1618 femmes d'une
region rurale de Colombie: 772 d'entre elles ont requ
1, 2 ou 3 injections d'anatoxine tetanique adsorbee sur
phosphate d'aluminium et 846 (groupe temoin) un placebo
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(vaccin antigrippal). Les investigations cliniques ont
clairement fait ressortir le pouvoir protecteur de deux
ou trois injections de cette anatoxine et le manque d'effi-
cacite d'une seule injection.
A la fin de 1'essai, on a procede, par des epreuves

d'hemagglutination et de neutralisation de la toxine, au
titrage des anticorps antitetaniques chez 299 femmes.
Par la recherche de correlations entre les resultats cli-
niques et les donnees serologiques, on a tente de definir
un taux protecteur d'antitoxine pouvant servir de critere
pour l'evaluation de nouveaux vaccins et pour la mise
au point de schemas d'immunisation plus simples.
Chez la plupart des femmes ayant requ une seule injec-

tion d'anatoxine, on n'a decel que des titres d'anticorps
tres faibles ou nuls; en revanche, les femmes immunisees
par deux ou trois injections presentaient encore, a la fin
de l'essai, des titres d'antitoxine superieurs A 0,01 unite
par millilitre. Les donnees recueillies lors d'autres etudes
donnent a penser que si l'on avait dispose d'une anatoxine
plus active, on aurait peut-etre reussi A obtenir un niveau
de protection suffisant avec une seule dose. Les femmes

immunisees par trois doses presentaient des titres moyens
d'anticorps tres kgerement superieurs a ceux des femmes
ayant requ deux doses, mais la difference pourrait etre
purement fortuite. On n'a pas trouv6 d'anticorps anti-
tetaniques chez trois femmes insuffisamment immunisees
dont les enfants sont morts de tetanos ombilical. Selon
les auteurs, le niveau protecteur d'antitoxine pourrait etre
en realite inferieur au seuil generalement admis de 0,01
unite par millilitre.

On a constate une relation inverse entre l'age des
femmes lors de la lre injection et les titres seriques d'anti-
toxine. Chez les femmes agees de moins de 25 ans, la
production d'anticorps a e superieure a celle observ6e
chez les femmes plus agees.

L'intensite de la reponse immunitaire a e fonction
de l'intervalle entre les injections. Les resultats sont meil-
leurs lorsque ces demieres sont espacees de 3 a 4 mois,
ou plus, que lorsqu'elles sont donnees a intervalles plus
courts. Deux injections espacees de 8 mois ou plus sont
aussi efficaces que trois injections.
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