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The level of circulating tetanus toxin, antitoxin and their individual inﬂuence on the outcome of tetanus
cases were determined in unimmunized 125 neonatal and 39 infant cases of tetanus. PHA (passive
haemagglutination) test showed 40% positive cases for toxin while its absence in the remaining cases
indicated of either toxin ﬁxation to the central nervous system (CNS) or it got neutralized by antitoxin.
TN (toxin neutralization) and PHA test carried out in 46 sera samples revealed a strong positive correlation (r ¼ 0.9) showing that 35/46 (76%) and 38/46 (82.6%) samples were positive for antitoxin,
respectively. 25.4% of the neonate and infant cases and 34% of the control group had a protective serum
tetanus antitoxin level. 42.5% of the paired sera from unimmunized mothers and their neonates showing
nonprotective antitoxin levels suggested that a high level of antitoxin is needed for transplacental
transfer, although transfer may not play a decisive role in the resistance against the disease. The presence
of toxin or antitoxin in the clinical cases did not affect the outcome of the disease, although in neonates,
presence of toxin was found to be a bad prognostic sign. This study explicitly advocates for the need to
improve the vaccination coverage strategy.
Ó 2012 The International Alliance for Biological Standardization. Published by Elsevier Ltd. All rights
reserved.
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1. Introduction
Tetanus, though vaccine preventable, still remains a fatal
childhood disease of global importance. It is caused by the release
of the tetanospasmin neurotoxin of Clostridium tetani, causing high
mortality varying from 40 to 80% [1]. In neonatal tetanus cases,
even with treatment, the case fatality rate can be 80e90%,
accounting for signiﬁcant preventable deaths [1]. WHO estimated
that 59,000 newborns died from neonatal tetanus in 2009 [2].
Among the developing world, 73% of neonatal tetanus deaths occur
in eight countries, of which India has the highest percentage [3].
Adequate immunity acquired from a full course of diphtheria and
tetanus immunization wanes in late childhood and adolescence.
Periodic boosters of diphtheria and tetanus toxoids, ﬁrst at 18
months (DPT), then between 54 and 72 months (DT), followed by
two doses of tetanus toxoid (TT) at the ages of 10 and 16 years, is
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warranted for persistence of adequate immunity [4]. Measuring
tetanus antitoxin in human sera is frequently required in antibody
surveys for national immunization strategy and in investigation of
immunodeﬁciency. Moreover, measuring tetanus antitoxin is of
paramount importance in assessing the immune status of individuals at risk of tetanus infection while monitoring the efﬁciency
of mass vaccination programs. In the present communication, we
measured the level of circulating toxin and antitoxin in neonatal
and infant tetanus cases from Delhi and the inﬂuence of these
parameters on the clinical outcome of these cases, in order to
understand the persistence of a paediatric tetanus even after years
of introduction of a national mass immunization program.
2. Materials and methods
Blood samples from one hundred and sixty four tetanus cases
were received from different hospitals in Delhi during 2006e2007.
Of the 164 cases, 125 were neonates and 39 were infants. All the
necessary clinical details and patient consent were obtained from
the referring hospital in the prescribed format provided by us.
Convalescent blood samples were available after two weeks from
15 cases only. In 54 neonatal cases, maternal blood was also
collected. None of the tetanus cases were treated with tetanus
antitoxin at the time of blood collection. Neither the patients nor
their mothers had any history of active or passive tetanus
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suspension was centrifuged for 15 min at 270  g at 4  C. The
supernatant was discarded and the cells were washed three times
with 50 ml normal saline. Finally, the packed cells were resuspended at a ﬁnal concentration of 2% (vol/vol) in phosphate buffered saline pH 7.4 containing 0.1% bovine serum albumin and 0.01%
thiomersal. The antitoxin sensitized cells were distributed in 1 ml
aliquots and stored at 70  C.
The PHA test was carried out in disposable sterile plastic
microtiter plates with V bottom wells (Nalge Nunc International
Co., Naperville, USA). Phosphate buffered saline (pH 7.4) containing
0.5% vol/vol heat inactivated normal rabbit serum was used as the
diluent. The test sera were diluted two-fold and titration was
carried out in a 50 ml volume containing 0.1% (vol/vol) antitoxin
sensitized sheep erythrocytes. Negative controls for all the experiments included antitoxin sensitized cells incubated in the absence
of toxin and un-sensitized control cells incubated in the presence of
serial two-fold dilutions of standard tetanus toxin. A positive
control was also set up with serial two-fold dilutions of standard
tetanus toxin (protein content of 15.6 mg/ml) after a proper initial
dilution in the presence of antitoxin sensitized cells.
After preparing the reaction mixtures, the plates were sealed
and incubated at þ4  C overnight before observing the agglutination pattern. The result was expressed in nanograms (ng) of toxin
protein by comparison with the standard toxin. Sera showing no
haemagglutination at 1:2 dilution were considered negative for
toxin.

immunization. After separation, the serum samples were stored
at 20  C until further use. Tetanus toxin level was estimated in all
164 sera. Antitoxin level, however, was determined only in 110
serum samples (73 neonates and 37 infants) due to insufﬁcient
sample quantity in the remaining cases. Convalescent sera of 15
cases were studied both for toxin and antitoxin level.
Controls included 288 normal infants and children (2 monthse5
years) without any history of tetanus immunization. Their sera
samples were screened for the presence of antitoxin. Fifty of these
sera were also tested for the presence of toxin.
2.1. Estimation of tetanus antitoxin
The level of tetanus antitoxin was determined by PHA, as
previously described by Hardegree et al. [5], with certain modiﬁcations, as previously published by us [6]. Among 110 test and 288
normal serum samples, 46 samples selected randomly were also
tested by toxin neutralization test to determine the correlation and
efﬁcacy of the two test using the method described earlier by Barile
et al. [7]. Brieﬂy, TN test was performed in reaction volume of 50 ml
containing ﬁxed amounts of puriﬁed tetanus toxin and serial twofold dilutions of patient sera (antitoxin) in diluent buffer [1 mg/ml
bovine serum albumin (Sigma chemicals), 0.5% vol/vol heat inactivated normal rabbit serum (Life Technologies) and 0.01% wt/vol
Merthiolate (Sigma chemicals)], then incubated for 2 h at room
temperature before the addition of 50 ml of a 0.2% suspensions of
antitoxin sensitized sheep erythrocytes in the same diluent. After
mixing the samples and sealing the plates, they were incubated at
4  C overnight before observing the agglutination patterns. The
standard tetanus toxin and antitoxin were received from Central
Research Institute, Kasuali, Himachal Pradesh, India in lyophilized
form. The Lþ/1000 dose of this toxin determined in our laboratory
was 4.5 mg. The sera were diluted in peptone water by two-fold
dilutions. In both tests, sera showing 0.015 unit/ml of antitoxin
were considered to have protective immunity (positive) and those
below that level were considered negative as previously shown
[5e8].

2.3. Statistical analysis
Chi square test with Yates modiﬁcation was used to compare the
positivity rates of PHA and TN test.

3. Results
The results of tetanus antitoxin estimation by TN and PHA
(Table 1) in 46 sera samples showed a high correlation co-efﬁcient
(r ¼ 0.8965), indicating strong concordance between the two tests.
Further analysis showed that the two tests had similar titres in
47.8% of cases. PHA gave higher and lower titres than TN in 26% of
cases each.
The tetanus antitoxin levels of control group and tetanus cases
did not appear to be different except that a slightly higher
proportion of the control group had a protective antitoxin level. In
neonatal and infant tetanus cases, this level was seen in 23.3 and
29.7% of cases respectively with no signiﬁcant statistical difference
(c2 ¼ 0.53, p > 0.05)(Table 2).

2.2. Estimation of tetanus toxin
Toxin level was determined by PHA test as described by Holmes
and Parlow [9]. Brieﬂy, formalinized tanned sheep erythrocytes
were coated with standard tetanus antitoxin by mixing four
volumes of phosphate buffered saline (PBS pH 6.4), 1 volume of 10%
formalinized tanned sheep erythrocytes and 0.5 volume of tetanus
antitoxin (10 I.U./ml). The mixture was incubated at room
temperature for 1 h with constant shaking on a rotator. The

Table 1
Comparison of toxin neutralization (TN) and passive haemagglutination test (PHA) for estimating tetanus antitoxin.
Passive haemagglutination (I.U.)
Antitoxin range

<0.015

<0.015
0.015e<0.1

7
e
1

Total

0.015
Toxin neutralization(I.U.)

>0.1e<1.0

>1.0e2.0
Total

0.015
0.03
0.06
0.125
0.25
0.5
1.0

8
8

>0.1e<1.0

0.015e<0.1

4
6
e
2

12

0.03

2
2
1

5
21

0.06

0.125

2
2

4

>1.0
0.25

1

1
1
2
3

1

1
8

0.5

1.0

2.0

1
1

2
16

3
1
1
5

1
1
1

11
6
5
7
3
2
8
1
3
46

11
18

14
3
46
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Table 2
Tetanus antitoxin titre in normal and tetanus cases by PHA test.
Group

No. tested

Normal infants and children
Tetanus cases
Infants
Neonates
Total

Antitoxin titre I.U./ml.

Total of
titre > 0.015

Number (%)
<0.015

0.015e0.125

>0.125e1.0

>1.0

288

190(65.9)

75

23

0

98(34)

37
73
110

26(70.2)
56(76.7)
82(74.5)

9
9
18

2
7
9

0
1
1

11(29.7)
17(23.3)
28(25.5)

The antitoxin titres in sera samples of 23 out of 54 pairs of
mothers and their neonates (Table 3) were less than 0.015 I.U./ml. In
serum samples of eighteen mothers, antitoxin titres were equal
to or greater than 0.015 I.U./ml while in 13 neonates they were
>0.015 I.U./ml and in 41 neonates they were >0.015 I.U./ml. Antitoxin titres in mothers were 2e4 fold higher than in babies.
Normal control sera were found to be negative at the lowest
dilution tested by toxin assay i.e. 0.5 ng/ml while 40% of all the
tetanus cases showed toxin positivity (Table 4). The toxin positivity
rates in neonates and infants were 36 and 59% respectively,
showing a statistically signiﬁcant difference (c2 ¼ 55, p < 0.05).
Although toxin positivity rate was signiﬁcantly higher in infants as
compared to neonates, the latter had much higher levels
(500e3000 ng/ml) of circulating toxin than the infants.
The antitoxin levels of sera samples from convalescent cases
were less than 0.015 I.U./ml in nine cases and 0.5 I.U./ml in two
cases. In three convalescent serum samples, an over four-fold
increase of tetanus antitoxin level was observed and in one
sample a two-fold increase was observed i.e. 0.06e0.125 (Table 5).
The toxin levels of paired serum from 9 cases were below the
lowest dilution tested and in three cases, the levels remained the
same. In three other cases, an 8e12 fold drop in the toxin levels was
observed in the convalescent sera samples.
The data were further analysed to investigate the relationship
between the levels of toxin, antitoxin and the clinical outcome of
the cases (Table 6). Out of 23 toxin positive cases in infants, 17 died
and 6 recovered, whereas in 16 toxin negative cases 8 each died and
recovered. This observed difference in the outcome of toxin positive
and negative cases was not statistically signiﬁcant (c2 ¼ 2.33,
p > 0.05). In the antitoxin positive group, 7 died and 4 recovered,
while in the antitoxin negative group, 11 died and 15 recovered.
This difference was not found statistically signiﬁcant (c2 ¼ 1.35,
p > 0.05).
The same data, when analysed only in the neonatal cases
(Table 7), showed a more interesting result. Out of 45 toxin positive
cases, 12 (26.6%) died whereas out of 80 toxin negative cases, 23
(28.7%) died and 57 (71.2%) survived. The difference in the outcome
between toxin positive and negative cases was statistically
Table 3
Level of tetanus antitoxin in paired mothers and their neonates sera (n ¼ 54).
Level of tetanus
antitoxin in
mothers (I.U.)

Level of tetanus antitoxin in neonates (I.U.)
<0.015

0.015

0.03

0.06

0.125

0.25

0.5

<0.015
0.015
0.03
0.06
0.125
0.25
0.5
1.0 & above
Total (54)

23
6
4
2
2
3
1
e
41

e
1
e
2
e
e
e
e
3

e
1
e
1
1
1
e
e
4

e
1
e
e
2
e
e
1
4

e
e
e
e
e
e
1
e
1

e
e
e
e
e
e
e
e
e

e
e
e
e
e
e
e
1
1

Number (%)

signiﬁcant (c2 ¼ 4.63, p < 0.05), but the observed difference in the
outcome between the antitoxin positive and negative groups of
neonates was not statistically signiﬁcant (c2 ¼ 1.02, p > 0.05).
The relationship of antitoxin titre with day of clinical illness was
studied in 74 cases out of the total 110. In this group, sera samples
were collected within 72 h of clinical onset of tetanus. It was found
that 8 out of 40 cases had antitoxin level 0.015 I.U./ml on the ﬁrst
day of clinical illness and in 2 cases, it was as high as 0.5 I.U., thus
showing a range of 0.015e0.5 I.U./ml. Out of the 6 patients who
were admitted seven or more days after the onset of illness, four
had antitoxin level of 0.06 I.U./ml (data not shown).
In 8 cases, both toxin and antitoxin were found to be present
(Table 8). It was seen that seven out of the eight cases had died and
only one recovered.
4. Discussion
Passive haemagglutination test has been standardized in the
laboratory against standard toxin neutralization test for estimating
tetanus antitoxin. A strong correlation (r ¼ 0.9) was observed
between the two tests conﬁrming earlier reports [10,11]. However,
this ﬁnding contradicted the reports of some of the previous
authors who found a lot of discrepancy in the titre determined by
the two methods, and concluded that the PHA test, though unexpensive, rapid, and useful in determining tetanus antitoxin in
sero-surveys, may not be appropriate for analysing the antitoxin
response of an individual [5,12]. The strong correlation observed
between the two tests in the present study advocate the use of PHA
test for determining antitoxin in tetanus cases.
The presence of a protective level of antitoxin in a sizeable
proportion of a normal control group compared to tetanus cases
could be attributed to antitoxin neutralization by the presence of
toxin or vice versa. This ﬁnding was noteworthy particularly given
the prevailing belief that natural immunization does not occur in
tetanus. Our ﬁndings tend to support the observation of Veronesi
et al. [13] and Wu et al. [14], who detected a protective level of
antitoxin in a group of subjects who never received tetanus toxoid.
National tetanus immunity was thought to be induced by sublethal doses of tetanus toxin or by fragments of toxin released
from C. tetani located in the digestive tract as a result of ingesting
tetanus spores [14]. However, the clinical implication of natural
immunity still seems to be unresolved.
The presence of a protective level of antitoxin in the tetanus cases
was a notable ﬁnding. It is not possible to have acquired this level of
antitoxin through active infection as the majority had been admitted
within 72 h. In the neonates this may be explained by the passively
acquired antibody from the mother. However, despite the presence
of a high level of antitoxin, these cases suffered from tetanus.
From the ﬁndings of antitoxin titration in 54 pairs of mothers
and babies, it appears that in general the antitoxin levels of babies
were lower than those of mothers who had high level of antitoxin
because of high natural immunity due to the longer time for
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Table 4
Level of tetanus toxin in normal and tetanus cases.
Group

No. tested

Toxin (ng/ml)
<0.05

Normal control
Tetanus cases
Infants
Neonates
Total

Total (%)
0.05e0.5

>500e3000

0

0

0

0

0

39
125
164

16(41)
80(64)
96(59.7)

4
14
18

2
1
3

13
14
27

0
0
0

4
16
20

Acute

No. of cases Toxin ng/ml

Convalescent

<0.015 <0.015
0.5
0.5
<0.015
0.06
0.015
0.06
0.060
0.125

Acute

Convalescent

<0.05 <0.05
6
6
3
3
12
12
12
<0.05
12
1.5

9
1
1
1
2
1

Table 6
Outcome of circulating tetanus toxin/antitoxin in infants.

Positive (23)
Negative (16)
Total (39)

>50e500

50(100)

No. of sera tested Antitoxin I.U./ml

Toxin test

>5.0e50

50

Table 5
Level of tetanus toxin and antitoxin in ﬁfteen paired acute and convalescent sera.

9
2
1
2
1

>0.5e5.0

Outcome (%)

Antitoxin test

Died

Cured

17 (73.9)
8 (50)
25 (64.1)

6 (26)
8 (50)
14 (35.8)

Positive (11)
Negative (26)
Total (37)

Outcome (%)
Died

Cured

7 (63.6)
11 (42.3)
18 (48.6)

4 (36.3)
15 (57.6)
19 (51.3)

0(0)
23(59)
45(36)
68(40.3)

tetanus cases. The absence of tetanus toxin in the remaining cases
indicates that either the toxin was already ﬁxed to CNS or
neutralized by antitoxin. Alternatively, the toxin might have
reached the CNS by routes other than the haematogenous one [16].
It is worth mentioning that convalescent sera showed a fourfold increase in antitoxin titre. The presence of a low level of toxin
in the convalescent sample indicated that complete neutralization
of toxin by antitoxin could not occur and would be eliminated over
time.
The presence of toxin or antitoxin did not affect the outcome of
the disease except in neonates where toxin positivity suggested bad
prognosis.
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Table 7
Outcome of circulating tetanus toxin/antitoxin in neonatal cases.
Toxin test

Positive (45)
Negative (80)
Total (125)

Outcome (%)

Antitoxin test

Died

Cured

12 (26.6)
23 (28.7)
35 (28.0)

33 (73.3)
57 (71.2)
90 (72.0)

Positive (17)
Negative (56)
Total (73)

Outcome (%)
Died

Cured

4 (23.5)
13 (23.2)
17 (23.2)

13 (76.4)
43 (76.7)
56 (76.7)

Table 8
Outcome of patients with circulating tetanus toxin and antitoxin.
No. of cases

Age

Toxin
(ng/ml)

Antitoxin
(I.U./ml)

Outcome

1
1
1
1
1
1
1
1

7 days
7 days
9 days
15 days
15 days
1 month
2 month
12 month

3072
12
6
3
3
3072
12
3

0.06
0.03
0.015
0.125
0.125
2.0
0.06
0.06

Expired
Expired
Expired
Expired
Expired
Expired
Expired
Recovered

potential exposure compared to their babies. This may indicate that
a higher antitoxin level in mothers is required for passive transfer. It
should be mentioned that transplacental antitoxin acquisition may
not play a decisive role in the resistance against the disease as in
this study a sizeable proportion of neonates having the accepted
protective level of antitoxin were suffering from the disease. All
these observations tend to support the earlier ﬁndings of Mya et al.
[15], that individual antitoxin level was not the sole criterion of
immunity against tetanus.
The absence of tetanus toxin in the normal controls was
expected. Tetanus toxin could be determined in only 40% of the
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