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SUMMARY

The potential value of a tetanus vaccine capable of immunizing in a single
dose is stressed, in view of the high mortality of the disease in developing
countries, as well as the lower cost, greater acceptability and considerable simpli-
fication of the administration of mass immunization campaigns which would result.

The immune responses to single doses of different toxoids in different con-
centrations, with and without additional adjuvants, have been assessed and, with
high concentrated aluminium hydroxide adsorbed toxoids, 1009% protective levels
have been achieved in a small group when tested 4 weeks and 8 months

after immunization.

The concentrated toxoids, with or without adjuvants were well tolerated.

INTRODUCTION

The importance of developing an effective
single dose antitetanus vaccine is obvious
in view of the estimated 200,000 deaths
caused by tetanus which annualy occur
throughout the world. Most of the world’s
population is not immune against tetanus
and, probably, several years will elapse be-
fore this picture changes, particularly in de-
veloping countries.

The considerable human and material re-
sources required by developing countries to
eradicate preventable diseases can be sub-
stantially reduced if we can provide safe
and effective vaccines and devise methods
of administration which render mas immu-
nization programmes simple and economi-
cally feasible. If longterm immunity to
tetanus can be achieved with one, instead
of the currenily required three doses, it
could permit release of Public Health Per-
sonnel for other essential programmes.

Results obtained with laboratory animals
have encouraged the belief that protection
against experimental tetanus can be con-
ferred by a single dose of potent toxoid.

During the II Internacional Conference
on Tetanus (Bern, 1966) the need for a
single dose method of inducing long term
immunity to tetanus was stressed by a num-
ber of participants. Ecxmann? in the offi-
cial inauguration of the meeting said: —
“Within the same very few years there have
been almost universal efforts to simplify
active immunization, as it became clear that
whole population could only be successfully
vaccinated by the means of a single dose
method”.  Scuorierp " who had already
confirmed the effectiveness of a single dose,
for protection of the umbilical tetanus
amongst New Guinea tribes, said: — “Obv-
iously, for mass immunization against neo-
natal tetanus, any adjuvant toxoid which
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enabled primary immunization to be achiev-
ed with only one injection would be very
advantageous, especially if it produced long-
lasting, well-sustained antitoxin levels which
would make booster injections unnecessary
for many years to come”. PATEL'? agreed
with Schofield that the single dose would
be desirable in India. In the “Panel of
Immunology” held in the IInd International
‘Conference on Tetanus we *® expressed the
following opinion: — “It must be empha-
sized the difficulties facing a mass inocula-
tion campaign in under-developed countries
and feel that one-shot injection method could
help overcome them. A single dose of an
adequate vaccine strengthened with a special
adjuvant, is able to confer a high degree
of protection against tetanus and millions of
individuals should benefit from it in coun-
tries where it is very difficult to inject a
large population with 2 or 3 doses of toxoid
in a short period of time. People immu-
nized with a single shot should be advised
to have a booster dose of toxoid whenever
necessary. With this precaution full pro-
tection could be afforded and mortality
would decrease significantly”.

Finally, M£rieux *° stated: — “The fun-
damental reason for the relative failure of
tetanus prevention by classical methods lies,
in our opinion, in their complexity. The
three first inoculations of antigen, at inter-
vals of several weeks, have to be followed
by booster injections. If such a program is
practicable, and often enough practised in
countries which enjoy a high standard of
sanitation, it is, at present, impracticable
in the very numerous developing countries,
where there is a lack of medical personnel,
an embryonic social organization and an
inadequate communications system. Also, we
have been led to consider antitetanus vacci-
nation with the aim of simplifying it and
putting it within the reach of all, even of
those who live in the most backward coun-
ries”.

Smire *® had already shown that a single
dose of potent toxoid was able to protect
mice and guinea-pigs when inoculated with
tetanus spores 10 to 12 days later. In man,
protective levels of antibody were not
observed until a month after a single dose.
It was shown also that during the first 24
months following the injection of the single
dose of commercial toxoid (adsorbed with

aluminium phosphate) the incidence of the
umbilical tetanus dropped **. Thus, there
was evidence that immunity could be
achieved with a single dose, although not in
100% of cases, with toxoids of normal
strength (£ 20 Lf). Using toxoids of
higher potency (100-200 Lf) it should be
possible to obtain more reliable results.

In 1965, MacLENNAN et al.®, in studying
the potency of several adjuvants, found that
the incorporation of the tetanus toxoid in
mineral oil emmulsion afforded better re-
sults as a single dose than were obtained
with two doses of aluminium phosphate
adsorbed toxoid or three doses of fluid
toxoid. However, when tested by ScHo-
FIELD ¥ in New Guinea, this adjuvant caused
a high incidence of sterile abscesses at the
inoculation site. In previous work #* we
showed promising possibilities in immuni-
zation with single dose of potent toxoids
whose antigenicity was enhanced by the
addition of special adjuvants. In these ex-
periments we compared, in laboratory ani-
mals, the antigenic effectiveness of several
preparations of tetanus toxoid with adju-
vants. It was concluded that best results
were achieved by adding Adjuvant 65, a
water-in-oil emulsion of peanut oil, alumi-
nium monosterate and Arlacel A 2% We
investigated the efficacy of this preparation
in human beings and achieved 100% res-
ponses L,

In 1968, Copjia?, in Dakar, duplicated
Mérieux’s experiments and confirmed the
practicability of immunization with concen-
trated toxoids, although he observed some
undesirable reactions to toxoid concentrated
four hundred fold.

In the last two years there have been
several efforts to improve one shot tetanus
immunization. This paper reports our re-
cent results.

Three possible approaches to a satisfactory
single dose method of tetanus immunization
are: 1) The use of concentrated toxoids;
2) The addition of further adjuvants to
commercial toxoids; 3) A combination of
concentrated toxoids with adjuvants.

The concentrated toxoid method was suc-
cessfully employed by MERIEUX *® and, later
on, by Copjia?l, using products with con-
centrations 400 to 500 times greater than
the commercial product available in France.
According to Epsarr® the possibility of
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immune-paralysis secondary to concentrated
toxoids would only occur with doses much
higher than those employed by the French
workers. It is known also, that toxoid in
massive single dose is satisfactorily tolerated
by man and laboratory animals *.

The use of commercial toxoid with ad-
dition of adjuvants was successfully em-
ployed by Schofield in New Guinea?’, as
well as by ourselves® in Brazil. It is
known that a good adjuvant may enhance
the potency of a commercial toxoid up to as
much as 1,000 times®®.

The third method combines concentration
of the toxoid with the use of adjuvants. At
least on theoretical grounds, the combina-
tion of a concentrated antigen with a good
adjuvant should be the safest way of achiev-
ing the goal uf the one shot tetanus immu-
nization, once a proper balance of the com-
ponents is attained. This was our aim in
the present trial.

MATERIAL AND METHODS

The toxoids employed were provided by
the Wellcome Research Laboratories, Becke-
nham, England and by the “Instituto Pi-
nheiros, Sio Paulo, Brazil”.

The toxoids from the Wellcome Research

Laboratories were all adsorbed on alumi-
nium hydroxide, at 1.3 mg AlT T+ /ml,
and provided at three concenirations. A
fourth preparation, at the middle concen-
tration, contained and additional adjuvant,
“Arquad”, a dialkyl quaternary ammonium
salt* 7%, The four toxoids were as fol-
lows: ‘
Aluminium hydroxide adsorbed tetanus
toxoid, batch PX 225, 20 Lf/0.5 ml; Alu-
minium hydroxide adsorbed tetanus, toxoid,
batch PX 213, 50 L{/0.5 ml; Aluminium
hydroxide adsorbed tetanus toxoid plus Ar-
gquad, batch PX 214, 50 L{/0.5 ml; Alu-
minium hydroxide adsorbed tetanus toxoid.
batch PX 226, 200 L£/0.5 ml

The toxoid from the “Instituto Pinheiros,
Sdo Paulo” contained 4-6 units/ml (Mini-
mum Requeriments Tetanus toxoid wunit),
was alum precipitated, and incorporated in
Adjuvant 65 in the ratio of 3 parts toxoid
to 1 part adjuvant. We did not follow the
proportions (1:1) originally described by
WoopHOUR et al.?* in order to have a less
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thick product. Strong agitation of the vial
just before injecting made the product an
emulsion,

The total number vaccinated was 350.
The injections were given intramuscularly,
except for those receiving the vaccine by
pressure jet (Dermojet) as indicated under
results. The subjects were followed up for
a period of 4 weeks to observe the deve-
lopment of any clinical reactions which could
be ascribed to the vaccination.

A random sample was bled before, 4 weeks
and 8 months after vaccination for the esti-
mation of circulating antitoxin. Antitoxin
titrations were performed at the Wellcome
Research Laboratories, Beckenham and at
the “Instituto Pinheiros, Sao Paulo”.

RESULTS

In presenting the results, individuals show-
ing a titre of 0.01 u/ml or greater, before
vaccination, were regarded as immune and
have been excluded from the tables.

Four weeks after a single dose of 20 Lf
adsorbed toxoid, 57% (4 out of 7) had
reached a titre of 0.01 u/ml or higher
(Table I (a)). In a previous trial when
we gave 4-5 units alum precipitated toxoid
{(Pinheiros), we found 50% rose to pro-
tective levels 3 weeks after as single dose,
although 1009% reached protective levels
after a second dose *°.

Therefore, we can conclude that commer-
cial toxoids, whose strength varies widely 3,
are not potént enough to be used safely in
a single dose and are only suitable for 2 or
3-dose schedules. ‘

“Table I, (b) to (e), shows the distri-
bution of responses to increased amounts of
adsorbed tetanus toxoid. As the dose of
toxoid is increased there is a steady in-
crease in the proportion of people with pro-
tective antitoxin levels until, with doses of
200 and 400 Lf, 100% protection is achiev-
ed. Later blood samples taken 8 months
later showed that 1009% of those individuals
injected with 100 Lf absorbed tetanus to-
xoid also had titers > 0.01 u/ml. The
results shown in Tables I and IV served as
screening for the choice of the best toxoid
to be used as a single-shot Tetanus vaccine.
So, we bled, 8 months later, only those
individuals pertaining to groups ¢, d and e
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tively small numbers involved these resulis
cannot be relied upon, but the progressive
improvement is encouraging.

from Table I and groups @ and b from Table
1V, because these were the groups showing
the more convincing results. With the rela-

TABLE T
Distribution of tetanus antitoxin titres 4 weeks after a single dose of tetanus toxoid
adsorbed on Aluminium hydroxide
u/ml = . 3
S = 8 H ~ 0 2
< | o S S S =] < — o 0 = Geom, %
| [ I l [ | l l | 2 mean = 0.01
= R R ™ ) titre w/mi
S & S — o te} .
S S S S S S |« f S
|
Tetanus toxoid, Adsorbed
Lf dose vol.
}}
(a) ™ 20 Lt 05 ml 3 2 1 1 7 < 0.017 57
(b) * 50 Lf 0.5 ml 3 1 2 1 7 < 0.021 57
(c) 100 Lf 1.0 ml 2 1 2 1 1 7 < 011 64
(d) 200 Lf 0.5 ml 3 1 1 2 1 8 < 0.069 100
(e) 400 Lt 1.0 ml 1 2 1 3 1 8 < 0.096 100

TABLE II

These two groups (¢ and b) 'were not followed up 8 months later

Distribution of tetanus antitoxin titres 8 months after a single dose of tetanus toxoid

adsorbed on Aluminium hydroxide

2
wmll g 1818 4 laln 3
< = S (= S =3 =} — N =] 5 Geom. %
I [ ] [ | I I 3 mean = 0.01
= B titre u/ml
- 8188 4 lal|mn °
o | o =} ] S S iH 'y} g
Tetanus toxoid, Adsorbed
Lf dose vol.
(c) 100 Lt 1.0 ml 1 1 2 1 1 7 < 0.174 100
(d) 200 Lf 0.5 ml 1 1 2 1 5 < 031 100
(e) 400 Lf 1.0 ml 1 2 1 1 6 < 014 100
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Table III show the results achieved
with a single dose of one M.R.T. unit
(Pinheiros toxoid) in Adjuvant 65. Twen-
ty-three out of 26, 899, showed antitoxin
titres > 0.005 u/ml 5 weeks later, and 15

out of 26, 58%, > 0.01 u/ml. Sera with
titres > 0.005 u/ml prior to vaccination
have been excluded. Unfortunately it was
not possible to follow up serologically this
group at the end of the 8" month,

TABLE IIT

Distribution of tetanus

antitoxin titres 5 weeks after a single dose of tetanus toxoid

incorporated in Adjuvant 65

u/ml 8 8
p b - o i o G
<|®[s |8 8|3 lnlals= eom. %
| l I | l I 2 mean =0.005
= 0 b titre u/mi
& |8 |+ |a|mn s
S S S =) S I ]
Tetanus Toxoid, fluid
in Adjuvant 65 3 8 7 4 1 2 1 26 < 0.040 89

‘When a further adjuvant, the quaternary
ammonium compound Arquad, was incor-
porated with the toxoid adsorbed on alumi-
nium hydroxide we found that the antige-
nicity was further enhanced (Table IV).
The proportion of subjects showing protec-
tive titres at the 30 day was of 64% with
the 50 Lf toxoid and 56% with the 100 Li.
However, at the end of the 8 month, -
trations of serums of the same group de-
monstrated that 100% of them were show-
ing titers > 0.01 u/ml (Table V). Also
it was observed that among the individuals
of Table IV the titers were substantially
higher than those of Table I.

‘We concluded that the potent Aluminium
hydroxide adsorbed toxoids, with and wi-
thout Arquad, posses a long-acting antigenic
power which answer for the later appearan-
ce of protective levels of circulating anti-
bodies. Analysis of Table I gave us the im-
pression that 100 Lf toxoids (without Ar-
quad) is the minimum safe-potency-limit to
be considered for the purpose of single-shot
immunization against Tetanus. When fur-
ther adjuvant was added (Arquad) the safe-
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potency-limis, as shown by our experiments,
was the 50 Lf toxoid. Further experiments
are needed to establish the real minimum
safe-potency-limit for such products when
used for the purpose of one-shot immuni-
zation against Tetanus,

In all the groups receiving Aluminium
hydroxide adsorbed vaccines, but especially
those containing Arquad, there are indivi-
duals with very high titres, side by side with
others with low titres. The addition of Ar-
quad has served to exaggerate this diffe-
rence, two individuals showing titres of 5-10
u/ml and two of 20-50 u/ml. At present
we have no explanation to offer for the
wide gulf between the good and poor res-
ponders (previous experience with toxoids?).

Three groups of people received tetanus
toxoid by pressure jet (“Dermojet”) injec-
tion which delivers the toxoid part intra-
dermally and part subcutaneously. The re-
sults are set out in Table VI. The pro-
portion of responders was low, and the
method is probably unsuitable for single
dose immunization. This group was not
followed-up 8 months later.
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TABLE IV

Distribution of tetanus antitoxin titres 4 weeks after a single dose of tetanus toxoid
adsorbed on Aluminium hydroxide with added Arquad

u/ml = {9 [0 3
Qe (g |id |9 $
< S|S|c (e s | |ain o a2 = Geom. %
LU T T | 2 e 7 oo
= itre u/m
- 21818 = lan °
S |S |8 |6 |6 |6 |+ a1 o lala 9
“Tetanus toxoid, Adsorbed
with added Arquad
Lf dose vol.
«(a) 50 Lf c5ml (52 |1 1 2|11 1 14 < 0.10 64
‘(b) 100 Lf 1.0ml |4 1 2 1 1 9 < 013 56

TABLE V

Distribution of tetanus antifoxin titres 8 months after a single dose of tetanus toxoid
adsorbed on Aluminium hydroxide with added Argquad

wml |2 (818 |4 o |n g
S|s|S|c|o |3 |H|la 1w g % Geom, %
< Pl iyttt 2 mean = 0.01
s titre u/ml
= 818 |8 |n|an ° /
S |6 |06 |8l |1l |1 e
Tetanus toxoid, Adsorbed
with added Arquad
Lf dose vol,
(a) 50 Lt 0.5 ml 3 2 2 3 2 12 < 0168 100
(b) 100 Lf 1.0 ml 1 2 1 1 1 6 < 0.263 100
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TABLE VI

Distribution of tetanus antitoxin titres 4 weeks after a single dose of tetanus vaccine
given intradermally by pressure jJet

w
wml g s e | g e i B .
<|°]° S |jo |l S |mM o |n % Geom, %
I | | | ! | | | 2 mean = 0.01
e i i
= g a 8 o a o 0. titre u/ml
S |lo |0 |6 |6 |6 g |« c
&
Tetanus Vaccine, Adsorbed
by “Dermojet”
Lf dose vol.
(a) 10 Lf 0.1 ml 4 4 < 0.0071 ]
(b) 40 Lf 0.1 ml 11 1 1 1|14 < 0.014 21
containing Arquad
{c) 10 Lt C.1 ml 5 1 1 7 < 0.012 30
Reactions to the toxoids f) 10 Lf by Dermojet: 1 case of lo-
) L cal pain lasting 1 day, and 1 case
NEIther.WIth the adsorbed toxoids in high of local pruritus and inflammation
concentration (200 and 400 Lf/ml) nor lasting 5 days.

with the additional adjuvants used (Arquad
and Adjuvant 65) did we see reactions 9. Toxoid incorporated in Adjuvant 65:
other than those commonly occurring with
the usual commercially available toxoids.

The following side effects were observed: 3

1. Toxoid adsorbed on aluminium ‘hy-

No noteworthy side effects.

Adsorbed toxoids containing Arcuad:

droxide: a) 50 Lf: 2 cases of local pain 24
L and 48 ‘hours after inocwstion
a) 2.0 Lf: l.sub]ect with local pru- respectively, and 1 case of pain
ritus, 2 w1’.ch headache on the day . and local inflammation (20 mm
: of inoculation. _ diam.) siarting 3 days after ino-
b) 50 Lf: 1 case of local pain at the culation and lasting a further 3
site of inoculation lasting 48 days.
hours.
C) 100 Lf: no reactions. v b) 100 Lf- no noteworthy side effects.
d) 200 Lf: no reactions. , c) 10 Lf by Dermojet: 2 cases of
e) 400 Lf: 1 case of local pain at : local pruritus and erythema (30
the site of inoculation and in the mm diam.) at the site of ino-
homolateral axillary area lasting 4  culation lasting 3 and 5 days res-
days, subsiding afterwards. pectively.
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immunization against tetanus.

- It is well known that tetanus toxoids are
reasonably well tolerated ®, even when high
concentrations are injected**, With our
400, 200 and 100 Lf/ml toxoids we did not
meet the reactions frequently observed by
Copjia®* when highly concentrated toxoids
were injecied. The reactions found by
ScHOFIED * when using a mineral oil emul-
sion adjuvant were not observed, neither
with Adjuvant 65 nor with Arquad.

In conclusion, we regard the present re-
sults as indicating that single dose immuni-
zation is possible with potent Aluminium hy-
droxide adsorbed toxoids and the addition
of other adjuvants can raise responses still
further.

RESUMO

Imunizacéo antitelénica com vacing de dose
Gnica. Resultados promissores em experi-
meritacbes humanas.

"Foi realcada a importéncia em se produ-
zir uma vacina antitetanica de dose finica,
ém face dos elevados indices de mortalida-
de por tétano nos paises em desenvolvimen-
to. Tal vacina seria altamente desejavel
por permitir sensivel barateamento do custo
dos ‘programas de imunizagdo em massa,
maior rapidez na execugo dos programas
além de melhor receptividade popular. As
respostas imunolégicas as diferentes doses
dos diferentes toxoéides testados demonstra-
ram que com toxéides altamente concentra-
dos, adicionados ou nfo de outros adjuvan-
tes, sdo obtidos niveis protetores de antito-
xinas circulantes em 1009 dos casos. As
titulagens de anticorpos foram realizadas um
e oito meses apds a vacinagdo com dose Uni-
ca désses toxéides.

A experimentagdo em séres humanos de-
monstrou perfeita tolerincia aos toxdides al-
tamente concentrados, adicionados ou nfo
dos novos adjuvantes testados.
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