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Summary

A total of two hundred women were immunized with tetanus toxoid vaccine.

Two batches oftoxoid prepared at the Institute of Public Health (IPH), Dhaka
and one batch ofimported vaccines, were being used by the EPI in Bangladesh
for immunization. Each hundred women were immunized by IPH and imported
vaccine. Two human doses were given in one month interval. Blood samples
from all the study subjects were collected on the day of 1st dose and one
month after second dose. Both the preimmunized sera and the sera after
vaccination were tested to determine the antibody titre against tetanus toxoid
by the haemagglutination method.

The preimmunized sera showed the presence of protective antibody in 50(25%)
subjects who had the history of previous immunization. Including these initial
antitoxin positive cases the seroconversions found among 95% and 96% of the
study population respectively after immunization with IPH and imported
toxoids, which were 93.05 % and 94.87% when these 50 subjects were excluded.
No significant difference (p=I.0) was observed between the immunity of the
subjects after receiviAg IPH and imported vaccine. Antibody titre of initial
tetanus-antitoxin positive cases raised eight folds after getting more doses. The
result gave fair indication of the antigenicity of all the toxoids used in the study.

Introduction

Immunization with tetanus toxoid induces

the formation of specific antitoxin, which
plays an important role in protection against
tetanus. For this, the EPI Global advisory
group has recommended tetanus toxoid
immunization for all women of childbearing
age.! The toxoid is also used as a component
of DPT or DT vaccine for immunization of
children. The effectiveness of tetanus toxoid

hasbeen convincingly demonstrated in many
field trials and in hospital based studies.2,3
The degree and duration of immunity
increases with the number of tetanus toxoid

doses given. Many toxoids in general induce
little or no antibody response following a
single dose. Two or four weeks after the
second dose the mean level of tetanus

antitoxin usually exceeds the minimum
protective level of 0.01 IV/ml. Immunity
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declines with time. A study in Papua New
Guinea showed that 78% of women

immunized during pregnancy with two 10
Limit Flocculation (Lf) doses of absorbed
tetanus toxoid had antitoxin levels above

0.01 IU/ml for at least three years; the mean
antitoxin level was about 0.03 IU/m1.4,5

The infants of poorly responding women
may be at risk of tetanus. For this reason, a
third dose of Tetanus Toxoid should be

given during the subsequent pregnancy or 6
to 12 months after the initial two doses. A
third dose of Tetanus Toxoid induces

plentiful antitoxin production, with mean
levels between 1 and 10 IU/ ml. The level of

immunity induced by a course of three
injections is high and durable. Mter the
third dose, each additional dose given with
at least one-year interval increases the
tetanus antitoxin level and prolongs the
duration of immunity. Immunity lasts for 10
years after the fourth dose and for at least 20
years after the fifth dose.6

In Bangladesh, though tetanus is an
important public health problem there is
no available data regarding the antibody
response of our women to tetanus toxoid.
Only some reports showed a reduction in

neonatal tetanus mortality ~ollowing the
implementationofprogramme-immunization
ofwomen of childbearing age, andespecially
the pregnant ones.7,8However, in 1993, we
in collaboration with EPI, did a small sero-
survey study where only 90 women were
included as subjects and three different
batches of tetanus toxoid were used for

immunization of the subjects. Each 30
subjects were immunized with one batch
of toxoid and all the subjectswere immunized
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with two human doses of tetanus toxoid in
one-month intervals. Mter one month of the

second dose, the sera of the vaccinee were
tested for anti-tetanus antibody. Antitoxin
levels greater than 0.01 haemagglutination
unit (HA) were found as 96.66%, 93.33%
and 93.33%, in the sera of the subjects
immunized with two batches of IPH vaccine
and one batch of imported vaccine
respectively.

Though the results of our previous study
showed very good antibody responses of the
vaccinee or subjects to the used tetanus
toxoids but the sample size was small and
records regarding previous immunization
history of the subjects were inadequate. It

is important to know whether ~hesubject
had previous immunization history. If
immunized, the determination of the initial
antibody titer of the subject is necessary to
find out the amount of antibody raised after
further immunization. Therefore, this study
had undertaken to compare the serological
response of imported tetanus toxoid and
locally produced tetanus toxoid as well as
to determine the antibody titre against
tetanus toxoid in the sera of the vaccinated
women before immunization and after
immunization.

Materials and methods

Tetanus toxoid used in this study were

collected from a imported batch and two

batches prepared at IPH. All the three

batches used by EPI, Bangladesh. All the
batches were adsorbedvaccine and contained

10 Lf/dose of purified tetanus toxoid.
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A total of 200 women who had come to EPI

Head Quarter, Mohakhali, Dhaka for
vaccination were immunized with tetanus

toxoid. Among them 100 were immunized
with EPI imported vaccine and another 100
were immunized with IPH vaccine, first 40
of which were immunized with one batch
and rest 60were immunized with otherbatch.

Eachsubjectwas immunizedwith twohuman
doses of vaccine in one-month interval by
intramuscular injections. History of any
immunization with tetanus toxoid before
this trial had been recorded.

Two ml blood was collected from each

subject on the day of 1st dose and five ml of
blood was collected after one month of the
second dose of vaccination. Sera were

separated from all the blood samples,
inactivated at 56°C and preserved at -200C.
The tetanus antibody titre of all the sera
samples were determined using the method
of haemagglutination.9,5 The preimmuniza-
tion sera were tested similarly. The antibody
titer raised after immunization with IPH

vaccine was compared with that of imported
vaccine.

Tetanus toxoid prepared at IPH, was
reconstituted in saline to contain 100 Lf/ml.

The Copenhagen standard tetanus antitoxin
was used as reference antitoxin at a level of
1.0 IV/ml.

Sensitized cells were prepared daily for each
test as follows: the stock cells were washed

in two volumes of saline, centrifuged for 10
minutes at 3000 rpm and reconstituted in
saline to a 5% cell suspension. One volume
of the 5% suspensionof cells in physiological
saline was added to an equal volume 1:2000
tannic acid and the mixture was gently
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agitated for 30 minute on a rotatory shaker.
The cells were washed three times in saline;
after centrifugation they were resuspended
in salineto a5%cell concentration.A mixture

of one volume of the 5% suspension of
tanned cells, one volume of tetanus toxoid
(100 Lflml), 2.5 volumes of saline and 2.5
volumes of phosphate buffer of pH 6.5, was
shaken for 90 minutes. Then the cells were
washed three times in 1% normal rabbit

serum in saline, centrifuged, and diluted to a
1% suspension in the normal rabbit serum.
The rabbit serum was inactivated at 5&C for

30 minutes before diluting. A sensitized cell
control was prepared in the same manner
except that one volume of saline replaced the
toxoid.

Serial two fold dilutions of the sera and the
standard were made in normal rabbit serum

in the microtiter plates with micropipette.
Undiluted sera were not tested. A volume of
0.025 ml of the toxoid sensitized cells

suspensionwas addedtoeach wellcontaining
0.025 ml diluted serum. Controls included
sensitized and non-sensitized cells

respectively in diluent and in dilutions of
antitoxin. The plates were incubated at 3'fJC
for one hour and then overnight at4°Cto SoC.
The highest serum dilution that showed a
carpet of cells with end folding was recorded
as the end point. The antitoxin 'unitage' of
each serum was determined by multiplying
theunitconcentrationintheend-pointdilution
of the standard by the end-point dilution of
the unknown serum.

Results

In this study, the total test sera samples were
400. 200 of them were preimmunized sera
and 200 were immunized sera.
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For titration of all the sera by haemagglu-
tination method, the detectable antitoxin of
the standard was 0.00098 unit/ml:t two fold

dilution. The antitoxinunitagewas expressed
in terms of Haemagglutination unit (HV).
The minimum detectable antitoxin level of

the standard in all tests ranged from 0.00024
unit/ml to 1.25 unit/ml. Antitoxin unit is

expressed in international units (IV) and a
tetanus antitoxin level of 0.01 IV/ml serum is

considered the minimum protective level.16

Table-I shows, the result of HA test of 200

immunized sera samples.Of the 100subjects,
those were immunized with IPH vaccine, 5
were found to contain less than 0.01 HV/ml

i.e. below the protective level and 95 samples
contained greater than 0.01 HV/ml. An
antitoxin level greater than 0.01 HV/ml was
observed in 96 sera samples out of 100those
were immunized with BPI vaccine. The

remaining four sera had less HV than the
protective level. The seroconversions were
found tobe 95% and 96% respectively for the
cases of IPH and imported vaccines. Table-
II describes the antibody titer, in terms of
HV/ml, of all 191 subjects who showed the
protective level of antibody after this
immunization trial.

Haemagglutination test with the
preimmunized sera showed the presence of
protective antibody in 50(25%) subjects. All
these subjects had history of previous
immunization. Table-III shows the

seroconversionof 150(IPH72 +BPIimported
78) subjects, who had no tetanus antibody in
the preimmunization sera excluding the 50
subjects,who hadprotectivelevelof antitoxin
in the preimmunization sera. The
seroconversions were found to be 93.05%
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and 94.87% respectively after immunization
with IPH and BPI imported vaccines.

Response of all 200 subjects to tetanus toxoid
is described in Figure-I. Irrespective of the
vaccines used, 25% subjects was found to
contain tetanus-antitoxin at the initial tests

which raised atleast eight folds after giving
further doses Figure-2, 75.5% showed
positive response and 4.5% did not show
positive response, after receiving two doses
of toxoids.

Table-I: Seroconversion after immuniza.tion
with IPH and EPI tetanus toxoid.

D Resonder. Initial
positive. Non
responder

Fig. 1: Response of Subjects (%) to Tetanus
Toxoid
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Identity of No. of Haemagglu Sero-
IT subjects tination conversion

- units/ml

<0.01 0.01

IPH vaccine
2 batches 40 2 38 95.00%

60 3 57 95.00%
Total 100 5 95 95.00%

EPI
1 batch 100 4 96 96.00%
Total 200 9 191 95.50%

(IPH+EPIL
4.5



Table-III. Seroconversion of the initial antibody negative subjects.
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Fig. 2: Tetanus Antitoxin Titer in Antibody Positive Preimmunized Sera
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Table-lI: Tetanus antitoxin titre in terms of HU after immunization with [PH and EP[ tetanus toxoid

Identity of Haemagglutination units/ml
IT

I

.015 .03 .06 .125 .25 .50 1.0 2.0 >2.0
I

IPH vaccine

2 batches 3 6 6 3 2 8 3 5 2

Total 2 9 11 12 6 4 5 3' 3

5 15 17 15 8 12 8 8 7

EPI No.

1 batch 9 6 16 4 13 12 22 9 5

Total 14 21 33 19 21 24 30 17 12

(IPH+EPI)

Identity of Preimmunized Preimmunized Immunized sera Sero-conversion
IT sera with positive sera without with positive

antitoxin antitoxin antitoxin

IPH Vaccine 28 72 67/72 3.05%

EPI imported Vaccine 22 78 74178 94.87%

Total 50 150 141/150 94.00%
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Discussion

All 400 sera were tested by Passive
Haemagglutination techniques because the
test issimplewhere carrier redcellssensitized
with tetanus toxoid agglutinate in a specific
way in the presence of tetanus antibodies. A
number of reports are there that the
haemagglutination has been widely used to
asses the immune status of various age, sex,
socioeconomic, and professional groups;10
to evaluatethe durationof post-immunization
immunity; and to compare the effectiveness
of different vaccine and immunization

schedules.u The haemagglutnation test has
also been used for screening serum or plasma
donatedfor productionof human anti-tetanus
immunoglobulin12and for detecting tetanus
antibody in the serum of injured persons.13
The test can be conducted in a moderately

equipped laboratory by staff trained in basic
laboratory skills.

The result of this study shows that 95.5%
subjects had attainedtheminimumprotective
level after one month of the second dose

irrespective of the toxoid used, which is 95%
and 96% respectively for IPH and EPI
imported vaccine. The data indicates a

significant serolog!cal response of the
subjects after immunization with two doses
of tetanus toxoid in one month intervals and

agrees with the findings of Menon et al who
found protective level of antibody in 100%
of their subjects after immunization with
second dose oftoxoid.14In Bangladesh, there
is no available data on detection of antibody
titre afterimmunization with tetanus toxoid.
But it was observed in a study done in 1994,

where 90 subjects were immunized and the
seroconversion was 94.44%. However,
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previous studies in Bangladesh, following
the immunization ofwomen of child-bearing

age, and specially pregnant ones under EPI
showed a significant reduction of neonatal
tetanus mortality.7,8

In addition to immunized sera all the

preimmunized sera were t~sted for the
presence of tetanus antibody where 50(25%)
samples had a titer more than 0.01 IV/ml. All
these subjects had history of previous
immunization. Preimmunized sera of other

150 subjects had a titre less than 0.01 IV/ml
confirming that the persons had not been
immunized with tetanus toxoid prior to this
study. The record also showed previous
imm~nization history in one more subject
who had a titer less than 0.01 IV/ml. The

person may be immunized with insufficient
dose of toxoid or the history of previous
immunization is incorrect. It had been
observed that the antibody titre of the 50
subjects, who initially had protective
antibody, raised more than 8 folds after
getting two more doses. This data indicates
that the level of immunity depends on the
number of doses given.

In the immunized sera of other 9 subjects
who had receivedtwodoses oftetanus toxoid,

protective level of antitoxin was not found.
The absence of protective antitoxin in the
immunized sera of above 9 subjects may be
due to insignificant responses of those
particular women to tetanus toxoid or may
be due to their low nutritional status.

Although immunization with tetanus toxoid
is one of the most effective -prophylactic
procedures, several apparently genuine
failuretoachieveprotectionfollowingtetanus
immunization havebeenreported from many
other countries. IS,16
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Furthermore, in this trial blood samples
were collected randomly from all the 200
subjects as preimmunized samples on the
day of first dose. The presence of antibody
was detected when the samples were
analyzed in the laboratory. Therefore, all
the 200 subjects were considered as the
test subjects. However, if the 50 subjects
who had protective antibody in the
preimmunization sera were excluded from
the study then the seroconversion could be
calculated as 93.05% and 94.87%, which
were 95% and 96% forIPH and EPI imported
vaccines when all 200 subjects were
considered as test subjects. These
seroconversion rates also indicate that the

vaccines used in the study were of good
quality.

To make any suggestion the present study
needs a follow-up of the subjects and
rechecking of the antibody titers after three
years as many other reports showed that the
immunity with two doses of tetanus toxoid
lasted for at least three years. 4,5The Global
Advisory Group recommended that every
women should be immunized with the first
three doses of tetanus toxoid which will

provide protection for at least five years. A
fourth dose will prolong the duration of
immunity for 10 years and a fifth dose will
prolong it for 20 years?

However, the findings of this study suggest
that after immunization with any vaccine,
detection of antibody in the sera is necessary
to confirm the serological response of the
subject to that particular vaccine/antigen.
The present immunization trial indicates that
immunization with two doses of tetanus

toxoid can give protective immunity, which
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is boost up after receiving more dose(s).
Therefore, to confirm the duration of
immunity of our subjects, a follow-up anti-
body detection and necessary immunization
of the subjects are very much important.

The data did not show any significant
difference between seroconversions of the

subjects immunized with 'IPH and EPI
imported vaccines. The result confirms that
the antigenic quality of tetanus toxoid
produced at IPH is good and it is as good as
EPI imported toxoid.

Finally, all the above data can be utilized"by
the EPIof Bangladesh and alsocan beutilized
by the National Control Authority (NCA) for
vaccine of Bangladesh, who is the certifying
agent of locally produced vaccine.
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