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PERSISTENCE OF ANTIBODIES AGAINST
TETANUS UPON REVACCINATION
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SUMMARY

To assess the interval since the last revaccination against tetanus the persistence of antibodies was determined using ELISA test in 128 subject. Levels of antibodies
against tetanus higher than the protective level of 0.1 [U/ml were found not only in those revaccinated less than ten years ago, but also in those revaccinated more than
ten years before. With increasing length of the interval since last revaccination the antibody levels against tetanus decreased gradually although they remained above the
protective level. No basic dependence of that trend on gender or age has been found. In the whole series, antibodies against tetanus exceeded the protective level for up to
20-25 years post last revaccination. This finding together with a favorable epidemiological situation as regards the occurrence of tetanus could eventually enable to prolong

the interval for revaccinating adults in the Czech Republic.
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INTRODUCTION

Revaccination against tetanus in adults presents a certain problem
for the general practitioner as regards the meeting of the prescribed
interval since last revaccination against tetanus and as the case
may be, whether it is necessary after expiry of that interval, to
begin again with three doses of anatoxin of the basic vaccination
scheme. This problem has not been resolved even by the latest
legislative amendment prolonging that interval from the former
ten years to 10—15 years (1).

Serological surveys carried out up to now revealed a good
indiscriminate collective immunity in Czech population, and
data in Czech and foreign publications (2, 3) point to a longer
persistence of post-vaccination antibody levels exceeding the
prescribed interval for revaccination.

The object of analysis is a group of individuals in whom blood
has been tested for antibodies against tetanus, in the laboratory
of the Regional Public Health Center Ostrava. The vaccination
history of those subjects has been looked up and an evaluation of
the interval since last vaccination in relation to antibody levels has
been made, that being the objective of the present study.

MATERIAL AND METHODS

The series includes subjects in whom blood has been sampled
for antibodies against tetanus in the laboratory of the Department
of Immunology at the Regional Public Health Center Ostrava
over the years 1996 through 2000. In all, 128 subjects have been
investigated as presented in Table 1 and broken down by age and
gender. The basic source of information was the database of the
KHS Ostrava laboratory, which contains the name, surname, birth
number, date of sampling, name of physician taking the sample,
and the antibody titer. In those subjects there have been looked

up anamnestic data from their healthcare documentation at the
general practitioners, i.e. all data on vaccination against tetanus,
reason for vaccination — whether it was the basic scheme, revac-
cination, or on treating an accident — as well as the reason for
determining the antibody titer, and possibly why the then valid
ten-year interval for revaccination had not been kept. As far as
the blood sample came from another district, the District Public
Health Center in question was asked to look up the necessary
anamnestic data.

The data were put in, sub-grouped and computer processed
with the aid of the programs Excel, Access, and Stata. The inter-
val since last vaccination in relation to antibody titer has been
evaluated. In view of that the distribution of the selection of titer
data differs from the normal distribution, power transformation
was performed: log titer = log(titer). For the calculation of the
studied dependence of the antibody titer value on time that has
passed since vaccination, regression analysis was applied.

Methodology of Investigating the Blood for Antibodies against
Tetanus

For the demonstration of the anti-tetanus antibody titer the “TE-
TANUS ELISA” set of Genzyme Virotech GmbH was applied
following the instructions of the producer. Antibodies present

Table 1. Breakdown of series by age and gender

Age group Males Females Total
0-14 2 0 2
15-49 24 60 84
50 + 14 28 42
Total 40 88 128
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Table 2. Breakdown of series info subgroups by gender and interval between vaccination against tetanus and blood sampling for antibodies

Subgroup Males Females Total
n % n % n %
A Blood sampling within 10 years since vaccination 24 358 43 64.2 67 52.3
B Blood sampling 10 and more years since vaccination 16 26.2 45 738 61 417
Total 40 312 88 68.8 128 100.0

Table 3. Numbers of subjects and time interval between blood sampling and last vaccination

in Subgroup A

Time interval between blood sampling and last Number of subjects
vaccination investigated
1 month 27
2 months 10
3-5months 7
6-12 months 5
13 months-8 years 18
Total 67

Table 4. Numbers of subjects and time interval between blood sampling and last vaccination

in Subgroup B
Time interval between blood sampling and last | Number of subjects investi-
vaccination (years) gated
10-14 24
15-20 25
21-24 8
25-35 4
Total 61

Table 5. Protective effect and recommended vaccination
lgG (after Schroeder et al.)

according to levels of anti-tetanus

Level of anti-tetanus lgG Protective L
Recommended vaccination
U/ml effect
<0.03 non basic vaccination
0.03-0.1 not sure booster vaccination
0.1-05 exists booster vaccination
06-1.0 sufficient check up in 2 years
1.1-5.0 long-term check up in 5-10 years
>5.0 extremely high check up in 10 years
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Fig. 1. Persistence of post-vaccination antibodies against tetanus

in the serum investigated form a complex with antigen that is
bound in the wells of each strip. Unbound immunoglobulins are
removed in the washing step. Added conjugate binds with the
complex formed. On addition of substrate solution (TMB) there
appears a blue color that turns yellow. Measuring of extinction
(OD) was carried out at 450/620 nm wavelength within 60 minutes
of addition of stop solution. The calibration curve and calculation
of antibody level values in each sample was performed with the
aid of a computer program. A table in the instructions for each
set was used for interpreting the results.

In agreement with the information leaflet of the test, the va-
lue 0.1 TU/ml expressed as log titer = —1 was interpreted as the
protective level.

RESULTS

The subjects investigated in whom there have been drawn blood
samples for antibodies at various intervals since vaccination, were
divided into subgroups: subgroup A — in whom blood samples
were taken within 10 years after vaccination; and subgroup B —in
whom blood was taken for antibody analysis more than 10 years
after vaccination (Table 2).

In subgroup A there were 67 patients, of whom 24 (35.8%)
were males and 43 (64.2%) were females, in whom blood was
sampled for antibodies less than 10 years after last vaccination.
Among them were even patients in whom those blood samples
were taken within a very short period of time after vaccination.
In 27 subjects blood was sampled one month after vaccination,
in 10 subjects after 2 months since vaccination. The other time
intervals are presented in Table 3. In subgroup B there were 61
subjects, of whom 16 (26.2%) were males and 45 (73.8%) were
females, in whom blood was sampled ten or more years since
their last vaccination (Table 4).

All of the subjects had antibody concentrations exceeding the
protective level, i.e. greater than a titer value of —1 log. Serum
antibody concentrations depended on the time that had elapsed
since last application of tetanus anatoxin.

In Fig. 1 antitoxin concentration values in the serum of subjects
are depicted who had been completely vaccinated and afterwards
received at least one revaccination dose, in relation to the time
that had elapsed since last vaccination. With increasing intervals
since the last dose of tetanus anatoxin received a significant de-
crease in antibody titer has been registered (p<0.001; correlation
coefficient: —0.7475). Equation of regression line: log titer =
0.5178-0.0513 x time.

Figure 2 illustrates that correlation in males, in whom with
increasing intervals since time of last vaccination a significant
decrease in antibody concentrations has also been noted (p<0.001;
correlation coefficient: —0.8039). Equation of the regression line:
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Fig. 2. Persistence of post-vaccination antibodies against tetanus — in males.
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. 3. Persistence of post-vaccination antibodies against tetanus - in females.

log titer = 0.6579-0.0462 x time. In females that correlation is
expressed in Fig. 3, likewise demonstrating a significant decrease
(p<0.001; correlation coefficient: —0.7396). Equation of the re-
gression line: 0.4473-0.0522 x time.

An analysis of the decrease in antibody titer in two age groups,

has been carried out, namely under 50 years (Fig. 4) and over
50 years of age (Fig. 5). No significant difference in antibody
decrease between the two age groups has been found.

Figure 6 depicts the correlation of antibody concentration

in subjects who had their blood sampled for antibodies within
10 years since last vaccination. No significant decrease in serum
antibodies has been observed, however, there is an apparent de-
creasing tendency with increasing time since last vaccination.

In Fig. 7 are values of antibody concentrations in the serum of

subjects who had their blood sampled for antibodies more than
ten years since last vaccination. No significant decrease in serum
antibody levels has been observed, the dip in the regression line
being gradual.

DISCUSSION

It has been presented in the literature (4, 5, 6) that basic immunization
against tetanus confers protection for less than ten years, and that
the first revaccination should be carried out within ten years so that
immunity be preserved. It has been calculated, that 25 years after
primary vaccination, 10% of vaccinate would be unprotected (5).
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Fig. 4. Persistence of post-vaccination antibodies against tetanus — in age group of under

50 years.

Fig. 6. Persistence of post-vaccination antibodies against tefanus — at intervals within 10 years

since last vaccination.

concentration of antibodies in serum - log of titer

1,5
1%
3
051
~ o * *
0 Em et . — . :
¥ % *5 10 = ~15 s 0 25 30 35
05 e M. = g
- limit level of protection
-1,5

interval since vaccination - years

concentration of antibodies in serum - log of titer

1,5
———— regression line
1
0,5 * "
0 1 ye— 5
5 0+ 15. 20 . 2 30 35
05 poreeT T T —m oL
POt e
h limit level of protection
-15

interval since vaccination - years

Fig. 5. Persistence of post-vaccination antibodies against tetanus - in age group of over 50

years.

Fig. 7. Persistence of post-vaccination antibodies against tetanus - at intervals of over 10 years

since last vaccination.
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Revaccination provides substantially longer protection than the
basic vaccination. That could be explained by a greater response
upon revaccination than that what follows basic vaccination.
Repeated vaccination is essential for a persisting immunity
throughout life, and according to a number of domestic and foreign
studies, revaccination at 20-year intervals should be sufficient to
offer lasting protection (2, 3).

Also results in the presented series reveal that with years pas-
sing after last revaccination the antibody titer gradually decreases,
nevertheless remaining above the protective level of 0.1 TU/ml
(—1 log titer) for at least up to 20-25 years after last revaccination.
Such a situation remained analogous not only for the whole series
but also upon breaking it down by males and females. Likewise,
no significant difference has been found between subjects under
50 years of age and those over 50. Only on comparison of subjects
revaccinated less than 10 years ago and those revaccinated more
than 10 years ago, was it apparent that antibody levels were lower
by one order in the latter as against those in subjects revaccinated
less than ten years ago.

Revaccination at shorter intervals may be connected with a risk
of post-vaccination side effects (7, 8). Therefore, it is necessary to
consider the urgency of the risk of developing the given disease
against which the vaccination program is aimed. From the epi-
demiological point of view the best proof of the effectiveness of
the vaccination program is the incidence of tetanus in any given
region. In the Czech Republic tetanus is a rare sporadic disease
since the later half of the 1980s, that documenting best the good
level of immunity in the Czech population (Fig. 8), namely even
in the elderly (9). As far as doubts regarding the immunity of
any given patient against tetanus exist, it is proper to investigate
his/her antibody level against tetanus, and then proceed, e.g.
according to the scheme presented by Schroeder et al. (10) as
presented in Table 5.

CONCLUSIONS

By investigation 128 serum samples it has been found that not
only in subjects who had been revaccinated less than ten years
ago but also those that had been revaccinated more than ten years
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Fig. 8. Incidence of tetanus in the Czech Republic over the years 1960 through 2004 (number
of cases).

before, antibody levels against tetanus remained higher than the
protective level of 0.1 TU/ml.

With increasing time since last revaccination gradually the
antibody level against tetanus decreases although it remains above
the protective level.

In principle, any correlation with gender or age in the anti-
body trend has not been found. Only in subjects in whom the
interval since last revaccination was longer than ten years, was
the antibody titer lower by one order, nevertheless still above the
protective level.

In the whole series antibodies against tetanus were found to
be above the protective level for up to 20-25 years since last
revaccination. This finding, together with the favorable epide-
miological situation regarding tetanus incidence, could render
possible to still prolong the interval for revaccination of adults
in the Czech Republic.

Acknowledgements

The authors wish to thank the staff of the Departments of Epidemiology
at the Regional Public Health Center Ostrava and at the former District
Public Health Centers in the North Moravian Region for assistance in
data collection, and the staff of the Department of Immunology at the
Regional Public Health Center Ostrava for the testing for antibodies
against tetanus.

REFERENCES

1. Decree of the Ministry of Health of the Czech Republic, No. 439/2000
Dig., on vaccination against infectious diseases

2. Simonsen O, Badsberg JH, Kjeldsen K, Moller-Madsen B, Heron I:
The fall-off in serum concentration of tetanus antitoxin after primary
and booster vaccination. Acta Pathol Microbiol Immunol Scand Sect C.
1986;94: 77-82.

3. Janout V, Matouskova I, Cizek L: The 2001 serologic survey in the
Czech Republic — tetanus. Cent Eur J Public Health. 2003;11(Suppl.):
S13-16.

4. Collier LH, Polakoff S, Mortimer J: Reactions and antibody response
to reinforcing doses of adsorbed and plain tetanus vaccines. Lancet
1979;1(8131): 1364-1368.

5. Scheibel I, Benzon MW, Christensen PE, Biering A: Duration of immunity
to diphteria and tetanus after active immunization. Acta Pathol Microbiol
Scand. 1966;67(3): 380-392.

6. Volk VK, Gottshall RY, Anderson,HD, Top FH, Bunney WE, Serfling
RE: Antigenic response to booster dose of diphteria and tetanus toxoids.
Publ Health Rep. 1962;77: 185-194.

7. Reinstein L: Peripheral neuropathy after multiple tetanus toxoid injection.
Arch Phys Med Rehabil. 1982;63(7): 332-334.

8. Mathias RG, Schechter MT: Booster immunization for diphteria and te-
tanus: no evidence of need in adults. Lancet 1985;1(8437): 1089-1090.

9. Janout V, Matouskova I, Machova L, Cizek L, Janoutova G, Hoskova J:
Protection against tetanus in the aged people in the Czech Republic
— cross-sectional study. Arch Gerontol Geriatr. 2005;40(2): 123-128.

10. Schroder JP et al: Vermeidung hyperergischer Reaktionen bei Tetanus-
Impfungen durch Einsatz eines wissensbasierten Systems bei Fragen der
Impfnotwendigkeit. Klin Lab. 1992;38: 229-233.

Received and accepted March 10, 2005

102



