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SUMMARY: Curtailing the observation of mice challenged with tetanus toxin in potency test of tetanus vaccine
would reduce the agony of mice from spastic paralysis. From the viewpoint of animal welfare, we investigated
the feasibility of this measure. The potencies of 85 lots of vaccine obtained on the 4th day after challenge were
compared with those obtained on the 7th day. No significant difference was found (P = 0.05), indicating that the
observation period could be curtailed from 7 days to 4 days without impairing the assessment of the vaccine’s

petency.

INTRODUCTION

Tetanus vaccines are used in many countries, each employ-
ing their own domestic standard to ensure the efficacy of the
vaccine. The toxin challenge is the most convenient method
for estimation of tetanus vaceine potency. In this method, mice
immunized with the vaccine are challenged with tetanus toxin.
The mice that have produced sufficient amount of anti-
tetanus antibody by vaccination will not develop spastic
paralysis, whereas those that have not been endowed with
sufficient antibody will develop paralysis and die.

There is increasing controversy over the issue of animal
welfare, in light of which it seems desirable to avoid any
unnecessary agony of mice. Idealy, a tetanus vaccine potency
testing method that would not use experimental animals
will eventually be developed. At present, methods based on
immunological assay are being considered as a possible
alternative for the tetanus toxin challenge method (1-6). These
methods are not based on the tetanus toxin-neutralizing
ability but on its binding ability. In Japan, such altemative
methods have not yet been accepted for use in a routine
tetanus antibody measuring system.

Under these circumstances, curtailing the observation
period would be one of the possible options to reduce the
suffering period of mice. This report describes the results of
our investigations in this area, which demonstrated that the
obsetvation period can be curtailed from 7 to 4 days without
affecting the potencies.

MATERIALS AND METHODS

Tetanus vaccines: Forty-six lots of adsorbed diphtheria,
tetanus, and acellular pertussis combined vaccine (DTaP), 14
lots of adsorbed diphtheria and tetanus combined toxoid
vaceine (DT), and 25 lots of adsorbed tetanus toxeid vaccine
(T) were used in this study.

Reference preparations: To measure the potency of DTaP,
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a preparation of the Japanese reference tetanus vaccine (lot
2, 40 U/vial) was used. It was dissolved and diluted in sterile
distitled water.

To measure the potency of DT and T, the Japanese
standard tetanus toxoid preparation (Lot 3, 65 IU/vial) was
used. It was dissotved and diluted in sterile saline.

Potency test: The potency tests were performed accord-
ing to the method described in the Japanese Minimum
Requirements for Biological Products (7). Several vaccine -
sample lots can be ftitrated simultaneously in one assay.
Successive twofold dilutions were used to immunize mice;
three doses for the reference preparations and two for
the sample lots. Appropriate dilutions were employed for
each sample lot and the reference preparation in order to
obtain adequate dose-responses. Mice (Sle:ddY, SPF, female,
body weight 22-24 g, 5 weeks old, 10 mice/group) were
immunized subcutaneously, in the lumbar region, with 0.5
ml of each dilution.

At 32 days after immunization, the mice were sub-
cutaneously challenged in the left lumbar region with 0.5 ml
of a tetanus toxin solution containing approximately 200
mouse LD,/ml. The time of death and the symptoms of the
challenged mice were observed daily over 7 days, and this
data was converted to scores according to the method of
Murata et al. {8), with some modifications (Table 1). In 1952,
the score method was established by Ipsen (9). The scores

Table 1. The scores assigned to the time of death
and the symptoms of the challenged mice

Symptoms Score
Death on st day ]
Death on 2nd day 1
Death on 3rd day 2
Death on 4th - 7th day 3
Severe tetanus" 3
Mild tetanus? 4

No tetanus™ 8

' Difficulty of moving, tonic spasm or respiratory
distress. .

1 Local spasm of the abdominal muscle in opposite
side to the site of injection, or mouse’s body
bends to the injected side.

* No specific symptoms.



of this method were prescribed so that mean scores of groups
of mice would have approximately linear regression when
plotted versus a log dose of toxoid. The potency of the tetanus
vaccine sample lot was calculated by statistical analysis of
scores by using the parallel line assay method (10,11). Patho-
logical examination, not described in the Japanese Minimum
Requirements (7), was not undertaken in this study.

For confirmation of the toxicity of the challenge toxin
solution used for the assay, four groups of unvaccinated mice
were challenged with 0.5 ml of 1:1 (undiluted), 1:50, 1:100,
and 1:200 dilutions of the challenge toxin solution (i.e., 100,
2, 1,and 0.5 LD /mice, respectively). These mice, along with
the vaccinated groups, were observed daily for 7 days.

RESULTS

Comparison of scores of challenged mice on the 4th and
7th days: The potencies of 85 tetanus vaccine sample lots
were determined in 3,269 mice in 28 tests. A total of 1,175
mice (359 %) died by the 4th day after tetanus toxin
challenge. Among the mice surviving on the 4th day afier the
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Fig. 1, Comparison of scores of mice immunized with tetanus toxoid
vaccine at 4 and 7 days after toxin challenge. The square measure of
a closed circle (@) indicates the number of mice with corresponding
scores (see inset; the largest circle in the figure correspands to 1,341
mice). The values in or below each circle indicate the % ratio of the
number to the number of surviving mice at 4 days (2,094), rounded
off to the first decimal place. Correlation coefficient: 0.919 (n=2094).

toxin challenge, those having the same scores on the 4th and
the 7th days accounted for 94.1 % (1,971/2,094 mice). In
these mice, there was no statistically significant difference in
the score on the 4th and that on the 7th day (r=0.919, n =
2094) (Figure 1).

Comparison of the potencies estimated from the 4th- and
Tth-day scores: The regression of 4th and 7th day potencies
were y = 0.903x + 10.257 in the DTaP group (n = 46), y =
0.960x + 5.845 in the DT group (1 = 14), and y=0.871x +
12.980 in the T group (# = 25) (Figure 2). The correlation
coefficients were r = 0.964 in the DTaP group (1 = 46),r =
0.975 in the DT group (n = 14), r = 0.983 in the T group (n =
25), and r = 0.973 in the whole group (n = 85). No significant
difference (P = 0.05) was observed between the 4th and
7th day among groups.

Confirmation of toxicity of the challenge toxin solution:
Based on the results of the observation of the groups for
confirmation of the toxicity of the challenge toxin solution,
the challenge toxin solution was confirmed to contain 68.0
LD,/mouse on the 4th day and 103.4 LD, /mouse on the 7th
day. The toxicity of the toxin solution satisfied the minimum
requirement.

DISCUSSION

To reduce the period of experimental animals’ suffering,
we examined the possibility of curtailing the conventional
observation period used in the tetanus toxin challenge method
from 7 to 4 days. Based on previous findings that the symp-
toms of challenged mice progress until the 6th day after the
tetanus toxin challenge (12), the Japanese official procedure
currently requires an observation period of 7 days, which is
notably longer than the 5 days required in the WHO method
(13). However, from the results described herein, symptoms
on the 4th and 7th days showed no significant difference when
converted to scores. The parallel line assay method (10,11) is
in current use to calculate vaccine potencies. The application
of this method to statistical analysis of assigned scores
requires satisfying the following three conditions: (i) similar
variances of average scores of mice immunized with each
dose of tetanus vaccine sample lots and that of the reference
preparation; (ii) linearity of dose-response curves of each
sample lot and the reference preparation; and (iii) parallelism
between the dose-response curves of each sample lot and the
reference preparation. In this study, all three conditions were
satisfied. There was no significant difference in the variances
of average scores of mice immunized with each tetanus
vaccine sample lot and those immunized with the reference
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Fig. 2. Correlation of the potencies obtained from the scores on the 4th and 7th days. DTaP, DT, and T, respectively show
adsorbed diphtheria, tetanus, and acellular pertussis combined vaccine, adsorbed diphtheria and tetanus combined toxoid
vaceine, and adsorbed tetanus toxoid vaccine. Correlation coefficient {r} for DTaP: 0.964 (n = 46). r for DT: 0.975 (n = 14).
1 for T: 0.983 (7 = 25). r for all the vaccines: 0.973 {n = 83).



Table 2. Common variance and coefficient of regression for reference
and sample vaccines at 4 and 7 days

Common variance Regression coeflicient

Preparation

4th day 7th day 4th day 7th day
DTaP reference 6.208 6.170 7.135 7.358
DTaP vaccine 7.591 7.380 6.631 6.718
DT standard 6.470 6335 8.491 £.531
DT vaccine 7.116 7.079 9.257 9.300
T standard 6.659 6.282 7.941 8.005
T vaccing 8,244 8208 9.899 9.546

DTaP, adsorbed diphtheria, tetanus, and acellular pertussis combined
vaccine; DT, adsorbed diphtheria and tetanus combined toxotid
vaccine; T, adsorbed tetanus toxoid vaccine; reference, Japanese
national reference tetanus toxoid preparation (Lot 2, 40 Ufvial);
standard, Japanese nationa) standard tetanus toxoid preparation (Lot 3,
65 IUMvial).

preparation. Based on the finding that the dose-response of
each sample lot and that of the reference preparation showed
no significant deviation from parallelism or linearity, it can
be assumed that the assay results with a 4-day observation
period are reliable. A comparison of the common variances
and regression coefficients of potencies on the 4th and
the 7th day indicated no statistically significant difference
between the results, suggesting that the results can be
considered interchangeable; the statistical parameters were
essentially the same on both days (Table 2). In addition, no
significant difference (P = 0.05) was observed between the
potencies on the 4th and the 7th day for any of the three types
‘of vaccine products (i.e., DTaP, DT, and T). :

In this study, the vaccine potencies on the 3rd day were
not examined. The challenge toxin solution used in this study
was suitable for a 7-day observation period. The toxin solu-
tion did not have sufficiently high toxicity to show 50-200
LD,,/mouse on the 3rd day; the toxin solution did not satisfy
the Japanese minimum requirement. The potencies on the 3rd
day and the 7th day were not compared.

In conclusion, a reduction of the observation period in the
tetanus toxin challenge method from 7 to 4 days is acceptable
from the statistical point of view. This means that the results
obtained on the 4th day can be considered to be a reliable
indicator of a tetanus vaccine’s potency, If widely adopted,
this method will reduce animal suffering and provide
significant cost benefits and labor-saving. Thus, curtailing
the observation period from 7 to 4 days would be fully be
applicable to the toxin challenge method and adoptable in
the forthcoming version of the Minimum Requirements for
Biological Products of Japan.

ACKNOWLEDGMENTS

We thank Mr. Yoshiaki Nagaoka for his excellent technical
support with the animal experiments.

REFERENCES
1. World Health Organization {1997): ELISA methods for

10.

11.

12,

I3.

6l —

the determination of diphtheria and tetanus antibodies.
Manual of laboratory methods for potency testing of
vaccines used in the WHO Expanded Programme on
Immunization. p. 135-141. WHO/BLG/95-1. World Health
Organization, Geneva.

World Health Organization (1997): Toxin binding inhibi-
tion test as secondary method for testing the potency of
vaccines containig tetanus and diphtheria toxoids.
Manual of laboratory methods for potency testing of
vaceines used in the WHO Expanded Programme on
Immunization. p. 142-150. WHO/BLG/95-1. World Health
Organization, Geneva.

World Health Organization (1997): Direct ELISA as a
secondary test for assessing the potency of vaccines con-
taining tetanus toxoid. Manual of laboratory methods for
potency testing of vaccines used in the WHO Expanded
Programme on Immunization. p. 151-156. WHO/BLG/
95-1. World Health Organization, Geneva.

Nyerges, G., Virag, E. and Lutter, J. (1983): The potency
testing of diphtheria and tetanus toxoids as determined
by the induction of antibody in mice. J. Biol. Stand., 11,
99-103,

Hendriksen, C. F,, van der Gun, J. W., Marsman, F. R.
and Kreeftenberg, J. G. (1991): The use of the in vitro
toxin binding inhibition (ToBI) test for the estimation of
the potency of tetanus toxoid. Biologicals, 19, 23-29.
Winsnes, R., Hendriksen, C., Sesardic, D., Akkermans,
A. and Daas, A. (1999): Serological assays as allternative
to the Ph Eur challenge test for batch release of tetanus
vaccines for human use, Dev. Biol. Stand., 101, 277-288,.
Association of Biologicals Manufacture of Japan (1993):
Minimum Requirement for Biological Products. p. 185-
189. Association of Biologicals Manufacture of Japan,
Tokyo.

Murata, R., Wada, E., Yamamoto, A. and Kubota, K.
{1961); Studies oh the standardation of tetanus toxoid.
Jpn. J. Med. Sci. Biol,, 14, 121-129.

Ipsen, J. (1952); The effect of environment temperature
on the immune response of mice to tetanus toxoid. J.
Immunol., 6, 273-283.

Finney, D. J. (1964); Statistical Methods in Biological
Assay. 2nd ed. Charles Griffin Co., London.

World Health Organization (1997): Parallel line analysis.
Manua! of laboratory methods. Manual of laboratory
methods for potency testing of vaccines used in the WHO
Expanded Programme on Immunization. p. 191-195.
WHO/BLG/95-1. World Health Organization, Geneva.
Matuhasi, T. and Iwase, 1. (1986): Report of a study group
on simplification of potency test method of biological
products (submitted to the Ministry of Health and
Welfare on March 1986) (in Japanese).

World Health Organization (1997): Traditional method
for testing the potency of vaccines containing adsorbed
diphtheria and tetanus toxeids. Manual of laboratory
methods for potency testing of vaccines used in the WHO
Expanded Programme on Immunization. p. 110-112.
WHO/BLG/95-1. World Health Organization, Geneva.



Jpn. J. Infect. Dis., 57, 97-102, 2004

Original Article

Tetanus Antibody Assay Combining In-House ELISA and Particle Agglutination

Test and Its Serosurvey Application in a Province in Turkey

Nilay Coplu*, Berrin Esen, Aysegul Gozalan, Kikuko Miyamura', Iwao Yoshida', Demet Kurtoglu,
Nuvide Ozturk Dogan®, Gokhan Afacan, Ahmet Unal?, Setsuji Ishida' and Motohide Takahashi?

Communicable Diseases Research Department and
‘Biological Products Quality Control Department, Refik Saydam National Hygiene Center, Ankara 06100, Turkey,
*Japan International Cooperation Agency, Tokyo 151-8558 and
‘Department of Bacterial Pathogenesis and Infection Control, National Institute of Infectious Diseases,
Tokyo 208-0011, Japan

(Received October 29, 2003. Accepted March 10, 2004)

SUMMARY: In order to determine a practically useful quantitative assay method for tetanus antibody in a
large-scale seroepidemiological study, a method combining an in-house ELISA with a particle agglutination test
(KPA) was evaluated in comparison with the in vive mouse neutralization test. Serum samples with mouse
neutralization antibody titers 0.01 [U/ml (the minimum protective level) or below showed considerable over-
estimation of antitoxin titers up to 1.0 [U/m! when studied by in-house ELISA alone. On the other hand, the KPA
values were highly correlated with the mouse test, even in cases of titers equal to 0.01 TU/ml or below. The
combination of these two procedures, in which in-house ELISA values of 1.0 IU/ml or below were replaced by
KPA values, provided a high correlation in antibody titers with the mouse test (r = 0.968). We applied this
combined method to a tetanus seroepidemiological survey in a province in Turkey. The survey included 347
subjects from the healthy population, and the quantitative analyses showed high antibody levels in children and
young adults and significantly low levels among adults aged 40 or over. A characteristic distribution of antibody

titers in each age group was also demonstrated.

INTRODUCTION

In 1997, Refik Saydam National Hygiene Center (RSHC)
and the General Directorate of Primary llealth Care of
the Ministry of Health of Turkey, with the cooperation of the
Japan International Cooperation Agency, implemented a project
for infectious disease control in Turkey. Seroepidemiological
surveillance on vaccine-preventable diseases including
tetanus, diphtheria, pertussis, polio, measles, and hepatitis B,
was conducted in 2000-2001 (1,2). Three provinces with
geographically distinct locations and different socio-economic
levels were selected for the survey; one each from the
regions of the Black Sea (Samsun), the Mediterranean
(Antalya), and the South-East Anatolia {Diyarbakir). This was
a cross-sectional study involving both urban and rural health
centers. Serum samples from randomly selected healthy
subjects were analysed to determine the current states of
immunity to vaccine-preventable diseases. The project also
aimed to establish laboratory methods for routine use in
seroepidemiological surveillance in RSHC.

For infectious disease surveillance in a population,
seroepidemiological study on antibody prevalence is essen-
tial, and it requires a method technically and economically
suitable to test a large number of samples. Also, the method
should preferably be applicable to various antigens in a
laboratory. ELISA is a suitable method for this purpose; it is
cost effective and can evaluate antibodies against various
antigens using the same procedure.

*Corresponding author: Mailing address: Communicable Diseases
Research Department, Refik Saydam National Hygiene Center,
Sihhiye, Ankara 06100, Turkey. Tel & Fax: +90-312-431-2885,
E-mail: rssalgin@saglik.gov.tr

According to a generally adopted classification, a tetanus
antitoxin level of 0.01 1U/ml is considered to be the mini-
mum protective level though it affords incomplete protec-
tion; 0.1 IU/ml is considered protective; and 1.0 TU/ml
or above offers long-term protection (3-5). The reliable titra-
tion of such protective levels is necessary to predict the
immunity against tetanus in a given population. ELISA has
been widely used for tetanus seroepidemiology. However,
human sera with low antibody titers are reportedly often
overestimated when titrated by ELISA (3,6). To overcome
this problem, the tetanus antibody assays with ELISA in the
early studies were supplemented by a neutralizing antibody
assay in mice for low-titer sera (7,8). Subsequent modifica-
tions of the ELISA with additional procedures such as a
competitive assay, a toxin binding inhibition assay, and a
double-antigen procedure were then described (9-12).

The purpose of the present study was to determine a prac-
tically useful method for a quantitative assay of tetanus
antibodies in a large number of serum samples, covering even
the minimum protective level or lower. We evaluated a
combined assay method in which the antibody titers equal to
or less than 1.0 IU/m! with in-house ELISA were replaced by
those of a particle agglutination test (KPA). We also describe
here the result of the application of this combined method to
a seroepidemiological survey conducted in-a province as
a part of a project for infectious disease control in Turkey.
QOur study showed that this combined assay method made
it possible to provide accurate assessment of age-specific
tetanus antibody prevalence in the areas under study.

MATERIALS AND METHODS

Mouse neutralization test: Tetanus test toxin (4.4 X 10°



LD.,/ampoule) supplied by the National Institute of Infec-
tious Diseases, Tokyo, was used for the in vivo assay. The
test was performed by the letha! end point method using Swiss
mice of either sex, weighing 17-20 g, randomly bred in our
own establishment. Sera were titrated at the L-+/1000 dose
of tetanus toxin. The range of serum dilutions to be tested
depended on the tetanus antitoxin content of the sera, which
had been previously determined by in-house ELISA. Three
different dilutions of serum were incubated with tetanus toxin
for 1 h at room temperature, and 0.4 mi of the mixtures was
then injected subcutaneously into each of two mice. The mice
were observed for the following 5 days, and the symptoms
and time of death were recorded. A control series of mice,
injected with tetanus toxin mixed with defined amounts of
the International Standard for Tetanus Antitoxin {1,400 [U/
ampoule, National Institute for Biological Standards and
Control [NIBSC], Potters Bar, UK) were included in every
experiment, and titers of the samples were calculated accord-
ing to these results. The amount of tetanus antitoxin in each
serum was expressed in International Units per ml (IU/ml).
The cut-off value used for the test in our laboratory was 0.01
IU/ml.

KPA: KPA was performed using a kit manufactured by
the Chemo-Sero-Therapeutic Research Institute, Kumamoto,
Japan. The kit was made of polypeptide artificial carrier
particle (porous spheres of poly 7-methyl-L-glutamate)
stained with Reactive Blue solution, sensitized with highly
purified tetanus toxoid using tannic acid, and provided in
lyophilized form {13,14). The test was performed according
to the manufacturer’s instructions. For brief, a volume of 25
1] of twofold serial dilutions of test sera was mixed with a
25 p1 suspension of the coated particle in the wells of a U-
bottomed microplate. The plate was held for 2 h at room
temperature. Non-agglutinated particles settled to form a clear
spot with a smooth circumference in the center of the well
that-was judged to be negative. Agglutinated particle formed a
large rough ring that was judged to be positive. The reference
serum of the kit was assayed in parzallel in each test, and the
result was used to determine the minimum detectable level.
The antibody titer of the test serum was calculated by multiply-
ing the end point dilution of positive agglutination and the
minimum detectable titer of the reference serum. Accerding
to the manufacturer, the cut-off value of the test is 0.01 IU/ml.

In-house IgG ELISA (In-house ELISA): An in-house
ELISA for anti-tetanus toxoid 1gG antibody was conducted
using 96-well flat-bottom plates (Greiner, no. 655001,

Frickenhausen, Germany) with a purified tetanus toxoid
(Research Foundation for Microbial Diseases of Osaka
University, Kagawa, Japan). The plates were coated with
tetanus toxoid (100 ££] at 2 ptg/ml in 0.05 M carbonate-
bicarbonate buffer, pH 9.6) overnight in a refrigerator in a
humid atmosphere. Then 125 ] of blocking buffer (PBS
containing 0.5% BSA) was distributed into each well and
incubated for 1 h at 37°C in an Incubator/shaker (Labsystem,
Helsinki, Finland). After every step, plates were washed three
times with PBS containing 0.05% Tween 20 (PBS-T). Eight
twofold serial dilutions of test sera and the reference anti-
serum were prepared with PBS containing 0.5% BSA and
0.05% Tween 80, and then added to the plates. After being
incubated for 1 h at 22°C, Fe-specific alkaline phosphatase-
conjugated goat anti-human IgG (Seikagaku Kogyo, Tokyo,
Japan) diluted in PBS-T was distributed to each well, and
plates were held for 1 h at 22°C. Finally, p-nitrophenyl
phosphate (Wako, Tokyo, Japam) in diethanolamine buffer
{1 mg/ml, pH 9.6) was added to each well. After 1 h at 22°C,
the reaction was stopped by 3M NaOH solution, and the plates
were read at A g0 by an ELISA reader (Labsystem),

The International Antitoxin Unit was determined using the
reference antitoxin (Anti-tetanus immunoglobulin, human,
lyophilized, 120 IU/ml, NIBSC), using a parallel line assay
{15). A standard curve was drawn for each plate, and the
curve drawn by the optical densities of test serum dilutions,
which was linear and parallel to the standard curve, was
interpolated. Statistical significance in the test was set at
a probability of P = 0.05. The cut-off value of the test was
determined to be 0.01 IU/ml. :

Study poepulation and sernm samples; This study was
part of the national seroepidemiological surveillance of
vaccine-preventable diseases, conducted by the Ministry of
Health of Turkey in three selected provinces in 2000-2001
(1). For the surveys, study subjects were selected randomly
from each age group by health centers in the given areas, and
questionnaires and blood samples were collected after
obtaining informed consent to participate (2).

For the comparative study between the tests, 62 serum
samples from Samsun Province with different antibody levels
by ELISA were used. More sera with low ELISA titers were
selected and titrated by the mouse neutralization test and KPA,
respectively. The sera studied to determine the applicability
of the method to seroepidemiology were collected in 2001
from Antalya Province from subjects including a healthy
population ranging in age from 6 months to 91 years old

Table 1, Number of subjects and vaceination history, Antalya, 2001

Sex

Area Tetanus vaccination dose

Agegroup  Total

Male Female RuralHC Urban HC Non 1-2 34 5<  unknown
0-1 28 13 15 14 14 1] 2 26 0 0
2-3 3l 14 17 17 14 1 0 29 0 1
4-5 26 11 15 - 12 14 0 0 235 0 1
6-7 27 10 17 12 15 1 0 6 10 0
8-9 32 18 14 17 15 4] 2 2 27 i
10-19 33 14 19 18 15 1] 6 6 18 3
20-29 41 16 25 19 22 0 12 14 6 9
30-39 40 113 24 18 x 2 10 1 12 6
40-49 42 20 22 24 18 2 14 8§ 3 15
50- 47 25 22 23 24 3 12 4 1 27
Total 347 157 190 174 173 9 58 140 77 63

HC: health centers.



(Table 1), The group of 347 subjects consisted of males and
females, from rura! and urban areas, with no statistically
significant difference between groups (P > 0.05).

Statistical analysis: Statistical analysis was carried out
using the chi-squeare test and F test. A titer of less than 0.01
1U/ml was set to 0.005 [U/ml for calculating the geometric
mean titer (GMT).

~

RESULTS

Comparison of antibody titers measured by KPA or
in-house ELISA with those by in vivo neutralization test
in mouse: Sixty-two sera were used for the comparison. The
in vivo neutralization test in mouse was taken as the standard
test. Correlations of the values obtained by the KPA and the
in-house ELISA against the mouse test are shown in Figs. la
and 1b, respectively.

In the mouse test, 37 of the 62 sera provided antibody titers
equal to or above 0.01 [U/ml, and 25 sera were below this
level. The antibody values determined by KPA correlated well
with those by the mouse test; 37 sera were >0.01 1U/ml and
25 were below this level (Fig. 1a). On the other hand, in the
in-house ELISA, 23 of 25 serum samples that were below
0.01 IU/ml by the mouse test showed values between 0.1 TU/
ml and 1.0 IU/ml (Fig. 1b). Thus, within this low-titer range,
the in-house ELISA values resulted in a mixture of specific
and non-specific reactions in which it was impossible to
differentiate the presence of protective antibody from non-
specific reactivity. The results indicated that the in-house
- ELISA was most useful to estimate samples above 1,0 1U/
ml. Under this level, however, the method is not acceptable,
and the serum titers should be determined by either the mouse
neutralization test or KPA.

Combination of tetanus antibody titers of in-house
ELISA above 1.0 1U/ml and KPA equal to or below 1.0 IU/
ml: Figure 1c shows the correlation analysis of the combined
assay method in which the tetanus antibody titers >1.0 IU/ml
(17 of 62 serum samples) were based on the results of the in-

house ELISA and those 1.0 IU/ml or below (45 of 62 serum
samples) were based on the KPA. In order to evaluate the
combination of the two methods statistically, the correlation
coefficients and the regression lines against the mouse
test were calculated separately for the titers from the two
methods of the combined line, excluding double-negative
titers in both tests (<0.01 IU/ml, n = 24) in order to avoid
adverse affects resulting from their significant number.

In Fig. ¢, the correlation between titers of the mouse test
and a range >1.0 IU/ml of the combined line (titers based on
the in-house ELISA, n =17) was r=0.903, and the regression
line equation was Y = 1.1509 X — 0.1569. The correlation
between titers of the mouse test and a range of <1.0 JU/ml of
the combined line excluding the double-negatives in both tests
(titers based on the KPA, n =21) was r=0.921, and the regres-
sion line equation was Y = 0.9399 X —0.1607. No statistically
significant difference was found between the correlation
coefficients of the two component tests of the combined line,
which were calculated separately (r=0.903 andr=0.921, P
> 0.05), nor between their intercepts (—.1569 and —0.1607,
P > 0.05). The correlation between the titers of the mouse
test and the combined line of the two tests excluding the
double-negatives in both tests was r = 0.968 (n = 38), and the
regression ling equation was Y = 1.042% X — 0.0922,

The results indicated that the replacement of in-house
ELISA values equal to 1.0 [U/m! or below with KPA values
could be applicable for tetanus seroepidemiology in the whole
titer range including levels as low or lower than that of mini-
mum protection.

Application of the combined method to analysis of
tetanus antibody prevalence in Antalya: The method
combining the in-house ELISA and the KPA was applied for
the quantitative assay of community-based seroepidemiology
against tetanus in Antalya. All of the 347 serum samples were
titrated by in-house ELISA and the 138 samples with titers
1.0 IU/ml or below were reassessed by KPA.

The distribution of tetanus antibody titers in each age group
is illustrated in Fig. 2, which clearly shows a characteristic
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Fig.1. Comelation of tetanus antibody titer measurements using four methods. The in vivo neutralization test in mouse, along with
in vitro KPA, in-house ELISA, or the combined method of in-house EL1SA with KPA, were used for measurements (1 = 62). A
titer of less than 0.01 1U/m] was set to 0.005 1U/ml in the figures. The number at the lower left in each figure indicates the
number of multiple marks for the double-negatives (<0.01 1U/m)) - that is, on both tests.

(a) Correlation of antibody titers in mice and KPA. r = 0.901, excluding double-negatives (<0.01 IU/ml) in both tests. (b)
Cormrelation of antibody titers in mouse and in-house ELISA. r =0.903 in the range of >1.0 IU/ml. (c) Correlation of antibody
titers in mouse and the method combining in-house ELISA (>1.0 IU'ml) with KPA{<1.0 IU/ml). r = 0.968 excluding double-

negatives (<0.01 1U/ml) in both tests.
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Fig. 2. Tetanus antibody prevalence in each age group in Antalya Province, Turkey, 2001. Tetanus antibody titers were deter-
mined by the combined method of in-house ELISA and KPA (12 = 347). Inset shows geometric mean titers (GMTs) and confidence
interval of antibody titers in each age group. A titer of less than 0.01 IU/m! was set to 0.005 IU/m for calculating GMT. The x-
axis of the inset indicates age groups in years, and the y-axis indicates Log,, 'U/mi.
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Fié. 3. Age group distribution at three different tetanus antibody levels,
Antalya Province, Turkey, 2001. Tetanus antibody titers were determined
by the combined assay method of in-house ELISA and KPA. n =347,

distribution of tetanus antibody in each age group. The great
majority of the children and young adults had antibody titers
above the minimum protective level, and GMTs for the age
groups up to those in their 30s were more than 1.10 JU/mi
(log,, value 0.04, the inset of Fig. 2). In contrast, in groups of
subjects in their 40s and those over 50, the antibody titers
were scattered, and a significant number of persons lacked the
minimum protective level of antibody. Seven of 42 subjects
in the 40s age group (16.7%; 95% confidence interval [CI]
31.4-7.0%) and 22 of 47 subjects >50 years (46.8%; C161.9-
32.1%) were revealed to have antibodies under the minimum
protective level of 0.01 IU/ml. The remarkably low GMTs in
these older groups compared with levels in other age groups
are also demonstrated in the inset of Fig. 2 { P < 0.01); 0.065
IU/ml (log;, value - 1.19, C1 0.118-0.035 IU/ml) for subjects
in their 40s, and 0.032 IU/ml (log,, value -1.494, CI 0.057-
0.018 IU/ml) for those >50 years.

In order to demonstrate tetanus antibody prevalence in
Antalya, three different antibody levels were used (Fig. 3).
The antibody-positive rates were 89.6 % (CI 92.6-85.9%)
for >0.01 IW/ml, 74.1% (CI 78.6-69.1%) for 20.1 IU/ml,
and 60.2% (CI 65.4-54.9%) for 1.0 IU/ml in total subjects.
The antibody prevalence above 0.1 IU/m}, which is considered

to be a fully protective level against tetanus, wasmore than
82% in the groups of children and adults up to those in their
30s, but was markedly reduced to 31.0% (C1 47.1-17.6%) in
subjects in their 40s, and 23.4% (CI 38.0- 12.3%) in =50 years
old {P < 0.01). In addition, at the higher antibody levels
of 0.1 [U/ml and 1.0 IU/ml shown in Fig. 3, a certain reduc-
tion was seen in groups of those 4-5 and 6-7 years of age
compared with those in the younger age group, but the rates
increased again at 8-9 years of age. The reduction in anti-
body levels was statistically significant (P < 0.05).

A summary of the vaccination histories of the subjects
collected by questionnaires are shown in Table 1. High vacci-
nation rates of more than 90% for >3 doses are shown among
children in groups under 10 years of age, but in groups of
subjects in their 40s or over 50, only 16 of 89 subjects had
>3 doses. Moreover, many of these older subjects had an
unknown history of tetanus vaccination. In addition, a large
percentage of children had, by 8-9 and 10-19 years of age,
received a 5th injection of tetanus vaccine, in contrast to 3-4
doses received by those in the younger groups. [t was observed
that antibody prevalence pattern was correlated with vaccina-
tion histories throughout all subject groups.

DISCUSSION

Although ELISA is widely used for tetanus seroepidemio-
logy, the overestimation that occurs in a significant number
of low-titer sera poses problems (3,6,16). Our study confirmed
that the sera with antibody titers less than 0.01 IU/ml by the
mouse neutralization test gave a considerable titer variation
up to 1.0 1U/ml with in-house ELISA, as described previously
(9). As a result, the in-house ELISA failed to discriminate
between in vivo neutralizing antibody and non-specific
reactivity at low antibody levels. KPA was easy to perform,
and the results were well correlated with the in vivo mouse
neutralization method for ali antibody examined in a sero-
logical survey. However, this method was more expensive
and not cost effective for assay of a Targe number of samples.
On the other hand, the combination of these two methods
was acceptable for tetanus seroepidemiology; it can obtain
reliable antibody titers quantitatively at a comparatively lower



cost. In this study, this method was applied for community-
based tetanus seroepidemiology, which was done for the first
time in Turkey, in contrast to the studies on limited age groups
previously reported from this country (17-19).

It is generally accepted that the antibody against tetanus
toxin cannot be obtained naturally and that the antitoxin
detected in human sera is exclusively induced by vaccination
(3). Immunization against tetanus in Turkey started in 1937
and was accelerated in 1985 with the National Vaccination
Campaign. At present, based on the National Routine I[mmuni-
zation Program of the Ministry of Health, children receive
their primary vaccination against tetanus with 3 doses of
diphtheria-pertussis-tetanus vaccine (DPT) in the 2nd, 3rd,
and 4th months after birth, and the 4th dose at 16-24 months.
Subsequently, 2 booster doses with adult form diphtheria-
tetanus vaccine (dT) are offered at primary schoo! and
another dose with tetanus toxoid (TT) is offered during high
school. In addition, women receive two TT doses in their first
pregnancy. Men in the army are also given additional TT.
According to the data from the General Directorate of Primary
Health Care, Antalya was one of the provinces with the highest
immunization coverage in Turkey; the reported vaccination
coverage in Antalya for the 3rd dose of DPT during the past 5
years was approximately 90% on average, against approxi-
mately 80% on average throughout the country (20).

Qur study demonstrated that children and younger adults
possess a high antibody level of immunity against tetanus,
whereas a large proportion of the older population lacked even
the minimum protective level. The evidence of low-titer
antibodies in a significant percentage of these older age
groups, as shown in Fig. 2 and also at the 0.01 [U/ml level in
Fig. 3, may suggest the waning of the antibody during the
years after immunization. Further, it is considered very likely
that older groups had received insufficient vaccination during
childhood, given that the national vaccination program for
children was not fully in place before 1985. Also, the vaccina-
tion rates of these groups in our study were significantly low,
and many subjects in these groups did not know their vaccina-
tion history.

The high rate of minimum antibody level among children
with a certain reduction in antibody titers in those from 4 to 7
years of age indicated that after the four primary immuniza-
tions by 24 months old, the antibody titers decreased until
the booster in the primary school period, which once more
elevated the children’s antibody levels. This result provides
evidence for the effectiveness of booster injections during
the primary school period, confirming that the national
vaccination schedule implemented in Turkey is adequately
providing tetanus immunity among the young population.

Qur results showed that a significant portion of the
general population possessed the tetanus antibody in a range
not measurable by in-house ELISA, and these subjects had
to be reassessed by KPA. We successfully conducted a large-
scale, quantitative seroepidemiological study covering as low
as the minimum protective level by applying the combined
method described above. However, further improvement of
in-house ELISA for tetanus seroepidemiology remains to be
considered.
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