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Serological investigation of human and animal
populations requires the use of blood sera. The
serum, which is generally collected by vene-
puncture, cannot be obtained in large amounts
from small children since the objections and emo-
tional reactions of the parents are sometimes so
strong that even small amounts of blood may not
be obtained. The difficulties involved in the collec-
tion, storage and handling of small amounts of
serum, when a very-large number of specimens is
to be tested, may also hinder the success of immu-
nological studies of a large population.
On the other hand, it is desirable in small

children to estimate the antibody level of child-
hood diseases, especially diphtheria and tetanus.
To our knowledge, Taylor & Moloney a were the
first to develop a microtechnique for estimating
either diphtheria or tetanus antitoxins with as
little as 0.1 ml of whole blood. This technique
which is recommended by Zakarova et al.b in
immunity determinations, also has the disadvan-
tage of requiring proper diluents for the immedi-
ate dilution of blood, and again problems of stor-
age and preservation of large numbers of small
samples of blood exist. An easier method of col-
lecting and storing large numbers of blood sam-
ples for evaluation of diphtheria and tetanus anti-
toxins is required. This is especially necessary in
remote areas of developing countries. In the pre-
sent report we describe a method of titration of
antitoxins based on a technique using squares of
filter-paperimpregnated with whole blood obtained
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b Zakarova, M. S., Baeva, E. A. & Stepanova, N. A.
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c Adams, E. & Hauson, R. P. (1957) J. Bact., 72, 572.
d Brody, J. A., McAlister, R., Haseley, R. & Lee, P.

(1964) J. Immunol., 92, 954.
6 Farrel, L. N., Reid, D. B. W. & Kormendy, A. C. (1963)

J. Immunol., 90,201.
f Gaggero, A. C. & Sutmoller, P. (1965) Brit. vet. J., 121,
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from finger-punctures for the titration of anti-
bodies in several virus diseases.C-i

Materials and methods

Children under survey. Mass immunization of
children against diphtheria and tetanus was started
in Iran in 1950. The high level of fatalities from
diphtheria fell markedly in the following years
among immunized children. A further mass cam-
paign was arranged by the Ministry of Health,
Iran, in 1955. The first serological survey was con-
ducted i in 1957 in Teheran when the Schick
test was performed on 3209 children and the levels
of diphtheria and tetanus antitoxins were studied
in samples of venous blood collected from
683 children.
The present study was performed in a total of

20 maternity centres, kindergartens, primary
schools and nursing centres in two cities (Isfahan
and Shiraz). Blood was removed by finger-punc-
ture from 2000 children previously immunized
with triple vaccine (diphtheria-tetanus-pertussis
(DTP)) or combined diphtheria and- tetanus (DT)
vaccine.
As a rule, the children, randomly selected for

this study, were immunized with 3 injections of
DTP during the first 3 years of life and older
children up to the age 14 years had received a
booster dose of DT vaccine every 3-4 years. De-
tails of the production of DT or DTP vaccines
have been described in a previous report.k

g Green, R. H. & Opton, E. M. (1960) Amer. J. Hyg., 72,
195.

h Hendrickse, R. G., Montefiore, D., Peradze, T., Sher-
man, P. & Powell, M. (1966) J. trop. Med. Hyg., 69, 112.

i Karstad, L., Spalatin, J. & Hanson, R. P. (1957) J.
infect. Dis., 101, 295.

J Mirchamsy, H., Nazari, F. & Sadegh, A. (1959) Studies
on diphtheria-tetanus. In: Proceedings. International Sympo-
sium of Immunology, Opatija, Zagreb, p. 359.

k Mirchamsy, H., Taslimi, H. & Aghdachi, M. (1962)
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Sources of specimens. In the preliminary experi-
ment, the antitoxin titres of 10 children and of
60 guinea-pigs 300 g to 400 g in weight (immu-
nized 12 months earlier with 2 doses of DT vac-
cine) were measured in samples of whole blood
absorbed on filter-paper squares and compared
with standard serum titrations; paired samples of
venous blood and of finger blood absorbed on
filter-paper were obtained simultaneously from
each subject. The venous blood of children (and
heart blood of guinea-pigs) was collected in stan-
dard Pyrex test-tubes (1.6 cm by 16 cm) and was
allowed to clot at room temperature. The sera
were separated from the clots, frozen and kept at
a temperature of -25°C for periods of 5 days to
2 months. The blood-saturated filter-paper squares
were maintained at a temperature of +25°C for
up to 18 months before being tested.

Collection of blood on filter-paper. In the final
field-trial, finger-blood of 1991 children was ab-
sorbed on to squares of filter-paper in the follow-
ing way. Pieces of Whatman extra-thick filter-
paper No. 31 (for chromatography) measuring
4 cm by 4 cm were stored in small envelopes
(6 cm by 12 cm). The envelope with the enclosed
filter-paper was sterilized in an oven at 100°C for
3 hours. The child's finger was cleansed with alco-
hol and, when completely dry, was punctured with
an ordinary lancet. A filter-paper square was held
in a forceps and applied to the bleeding point
gently and quickly until no white areas remained
on the filter-paper. In preliminary experiments it
was found that to cover the surface, each filter-
paper square absorbed 0.3 ml of blood; when
several squares were required it was necessary to
puncture a second finger. The squares were dried
overnight at room temperature in the sealed boxes
in the presence of anhydrous CaCl2 and then
stored at 4°C in the same boxes with anhydrous
CaCl2.

Serology. The blood was eluted from each
square in 1.5 ml of peptone-saline the evening
before the tests were to be run. Elution was car-
ried out in test-tubes, the squares being soaked
overnight at 4°C. It was accepted arbitrarily that
each blood sample would contain 50 % cells and
50 % serum; hence the initial dilution was taken as
a 1: 10 serum dilution.
Each sample of eluted blood was tested for both

diphtheria and tetanus antitoxins. Paired samples

TABLE 1
RESULTS OF COMPARATIVE TITRATIONS

OF -DIPHTHERIA AND TETANUS ANTITOXINS
FROM THE SAME CHILD USING SERUM

AND WHOLE BLOOD ELUTED FROM FILTER-PAPER
SQUARES

Diphtheria antitoxin Tetanus antitoxin
(AU/ml) (AU/ml)

ild ___

Serum titre Filter-paper Serum titre Filter-papertitre titre

1 0.04 0.04 0.04 0.02

2 0.16 0.16 0.64 0.64

3 0.01 0.01 0.0025 0.0025

4 0.64 0.64 0.04 0.04

5 0.32 0.32 0.32 0.16

6 0.16 0.16 0.08 0.08

7 0.32 0.64 0.16 0.16

8 0.08 0.16 0.32 0.32

9 0.64 0.64 0.08 0.16

10 0.32 0.32 0.08 0.08

of squares kept up to 18 months have not shown
a decrease in antitoxin titres when compared with
squares submitted for titration soon after being
prepared.

Diphtheria antitoxin assay. The technique used
for assaying the diphtheria antitoxin was that de-
scribed by Romer & Sames.' The matured tox-
in No. 560 having a potency of 420 MLD/mJ
was used throughout these experiments. The
L+ dose of this toxin was 1/20 ml. Both
L+ and L+/100 were assayed; the volume of
inoculum injected intradermally into 2 guinea-pigs
was 0.2 ml in each assay. The range of concentra-
tions used was doubled dilutions from 0.01/ml to
5.12/ml. When the two titres were not equal the
lower titre was accepted as the final value.

Tetanus antitoxin titration. Titration of tetanus
antitoxin was done with a technique developed by
Ipsen,m testing doubled dilutions from 0.00126
AU/ml to 5.12 AU/ml. Local inbred mice were
used. Tetanus toxin No. 11/65, precipitated by
ammonium sulfate and dried, was diluted in

I Romer, H. P. & Sames, T. (1909) Z. Immun.-Forsch., 3,
344.

m Ipsen, J. (1959) J. Immunol., 83,448.



TABLE 2
COMPARISON OF DIPHTHERIA ANTITOXIN TITRES OF SERUM

AND WHOLE BLOOD FROM 60 GUINEA-PIGS

AU/mI Geometric

0.04 0.08 0.16 0.32 0.64 1.28 2.56 mean titre

Serum 2 1 23 11 10 10 3 0.35 AU/ml
Whole blood absorbed
on filter-paper 2 4 23 9 7 14 11 0.32 AU/ml

TABLE 3
COMPARISON OF TETANUS ANTITOXIN TITRES OF SERUM AND WHOLE BLOOD

FROM 60 GUINEA-PIGS

AU/ml Geometric mean
0.08 0.16 0.32 0.64 1.28 2.56 titre

Serum 0 2 9 29 18 2 0.69 AU/ml
Whole blood absorbed
on filter-paper 1 2 14 23 16 4 0.56 AU/mI

FIG. 1
CUMULATIVE PERCENTAGE OF DIPHTHERIA AND TETANUS ANTITOXINS

DETERMINED IN SERUM AND ELUTED WHOLE BLOOD FROM 60 GUINEA-PIGS
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1% peptone-saline (10 g of Difco proteose pep-
tone dissolved in distilled water up to a volume of
1000 ml, dispensed into 50-ml flasks and steril-
ized by autoclaving for 15 minutes at 15 lbf/in2;
1.05 kgf/cm2), 0.55 mg of toxin being dissolved
in 1000 ml of peptone-saline corresponding to
5 L+/1000 in 1 ml. The mixture of toxin and
antitoxin was kept 1 hour at room temperature.
Two mice were inoculated intramuscularly with
the mixture. The mice were observed for 7 days
and deaths were recorded each day. On the
seventh day, the survivors without any signs of
tetanus were considered as " normal " and those
showing symptoms of tetanus as " with tetanus ".

Results

Results of comparative assays for diphtheria
and tetanus antitoxins using serum and filter-paper
eluates from 10 children and 60 guinea-pigs are
presented in Tables 1-3 and Fig. 1; it can be
seen that in all cases the results were very similar
and the differences never amounted to more than
1 dilution.
The immune responses of 1991 children studied

by means of the filter-paper technique are pre-
sented in condensed form in Tables 4 and 5.
Table 4 shows that the booster dose of diphtheria
antitoxin caused a relatively greater serological
conversion rate in children of 7 years and more
compared with children under the age of 7 years.
This finding, which confirms the observation of
earlier workers, may be interpreted as the boosting
effect of natural contacts with carriers which in-
crease gradually the antitoxin level in the circula-
tion blood of older children. It may also be attri-
buted to the great variations of immune response
resulting from primary vaccination.

Discussion

The serological conversion rates of 91 % and
92% (Tables 4 and 5) are similar to our previous
findings in which serum titration was carried out.
The statistical analysis of the data presented in
Tables 2-5 is worth discussing briefly.

In Tables 2 and 3, the results of comparisons
between serum titres and whole-blood titres of
60 guinea-pigs are summarized. From these tables
it can be seen that the titres obtained by both
methods are closely similar and in no instance was
there a difference greater than 1 dilution between

FIG. 2
CORRELATIONS BETWEEN TETANUS AND DIPHTHERIA

ANTITOXIN TITRES IN THE SAME CHILDREN

0.20

0.16 _

0.12

0.1 /

L0.08

z00.06
0

0.05

CI)0.04

<~ 0.03 -r 0.77
ui ~~~~~~SIGNIFICANT >1%
0.025-

0.02-

0.05 0.06 0.08 0.1' 0.12 0.16 0.2 0.25

WHO 71462 DIPHTHERIA ANTITOXIN TITRE (AU/ml)

the titres of serum and of whole blood eluted
from filter-paper.
The antitoxin titres of 1991 children assayed

with whole blood eluted from filter-paper squares
are given in Tables 4 and 5. The percentage of
serological conversion is high. The geometric
means of antitoxin titres and the limit of precision
of the geometric means for each age-group show
a marked increase in titres following the inocula-
tion of each booster dose of bivalent DT vaccine;
the homogeneous variations for different age-
groups up to 16 years are statiXstically shown with
a probability of 95% in Tables 4 and 5. These
data show that the rise in titres of diphtheria and
tetanus antitoxins in the same subject is parallel
and dependent on stimulating doses. By applying
the statistical correlation of Schwarzn to the
geometric means in Tables 4 and 5 for different

n Schwarz, D. (1963) Mfthodes statistiques a' l'usage des
medecins et des biologistes, Paris, Flammarion.
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age-groups we were able to obtain the coefficient
of correlation (r = 0.77) for both antitoxins in
the same subject (Fig. 2). This coefficient confirms
once more our finding that the rise of both anti-
toxins after each booster injection of DT vaccine
is parallel.

The valuable help of Dr Shahriari, Director General,
Ministry of Health, Iran, is appreciated and the close
collaboration of Dr Sotudeh and Dr Loghmani, Public
Health Service of Isfahan, and Dr Petrossian, Public
Health Service of Shiraz, in collecting blood samples is
acknowledged.
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Transliteration
from Cyrillic characters

The "International System for the Trans-
literation of Cyrillic Characters ", set out in
Recommendation ISO/R9-1954 (E) of the Inter-
national Organization for Standardization, is
normally used in the Bulletin ofthe World Health
Organization for personal names, titles of publi-
cations, etc. However, papers accepted for
publication may contain names transliterated
differently, and if the original Cyrillic spelling is
not recognizable inconsistencies may occur.

For convenience the transliteration from
Russian according to ISO/R9 is given below:

Translitteration
des Caracteres cyrilliques

Le (( Systeme international pour la translitte-
ration des caracteres cyrilliques > presente dans
la Recommandation ISO/R9-1954 (F) de l'Orga-
nisation internationale de Normalisation est
generalement utilise dans le Bulletin de l'Organi-
sation mondiale de la Sante' pour les noms de
personnes, les titres de publications, etc. Cepen-
dant des articles acceptes pour publication
peuvent contenir des noms translitteres diff&
remment et si l'orthographe cyrillique originale
n'est pas reconnaissable un manque d'unifor-
mite peut s'ensuivre.
A toutes fins utiles,, la translitteration du russe

selon la recommandation ISO/R9 est indiqu6e
ci-apres:

Trans- Trans-
Cyrillic literation Cyrillic literation
character Russian Examples and remarks character Russian Examples and remarks
Caractbre Trans- Exemples et observations Caract6re Trans- Exemples et observations

du russe du russe

A, a a Aapec = Adres Y, y u .YTPO= Utro

B, 6 b Ba6a = Baba l, 4 f (PIH3HKa = Fizika

B, B v BbI = Vy X, x h XHMH4eCKHri = Himiceskij

r, r g rnaBa = Glava LA, it c LieHTpaJ1bHbIfi -Central'nyj
ronoa = Golova 4 q c I = Casy

| A R L d Aa = Da | , L | W|Koria = Skola
Ee(e), 1 e (e) Eule = Esc Ml, UA sc l1IeKa = S6eka

>1, m z )ypHan = Zurnal (medial, "or" In modern Russian, where

3, 3 z 3Me3Jaa = Zvezda medial) "ou" sometimes replaces medial -b,
transliteration is still ".I'l, u i Hlnu = Ili 'b, 'b En russe moderne, oiu le ' rem-

1,u j -blf, -uu, -OH = -yj, -ij, -oj place quelquefois le 'b medial, la
translitt6ration reste .

1<, K k KlaK = Kak (final) (Not

11, 1 J`Io6HTb = Ljubit' literantsed.
M, M m MymK = Muz Non trans-
H, H n HHIKHH1 = Niznij litt&r6.)
0, 0 o 06utecTo = Obscestvo bI, bI y EblJI = Byl
[I, ni P IlepBblrii = Pervyj b, b 'or 'oul ManeHbKHII = Malen'kij
P, P r Pbi6a = Ryba 3, 3 e 3To = Eto

C, c s CecTpa = Sestra 10, 10 ju lO>KHbIl = Juznyj
T, T t ToBapHuni = Tovaris 51, st ja SIULO = Jajco

p

Cyrillic e
to be transliterated by only when the diacritical appears in the original. Le

par e que lorsque la diacritique apparait dans l'original.
6 cyrillique ne doit 6tre translift6r6


