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tion was carried out. In experiment 6, where horse
B-3 was bled daily with refusion of red blood cells,
it can be seen that even the tenth bleeding produced
serum having a satisfactory antibody level.
As stated above, in experiment 5 horse B-4

was bled before completing the full course of immu-
nization in order that our laboratory could have its
own standard reference serum to be used for stan-
dardization purposes in future tests, since the supply
of the International Standard Antirabies Serum was
limited. This B-4 serum, which was equal in po-
tency to the International Standard in our tests,
was also tested by Dr Karl Habel at the National
Institutes of Health, Bethesda, Md., USA, who
found essentially the same results.

Conclusion

The high neutralizing antibody titres produced
in the sera of horses hyperimmunized with suckling-
mouse-brain rabies-virus antigen have been ob-
tained after immunization schedules which are
shorter than those previously required when anti-
gens from infected adult mammalian brains were
used. These experiments, besides offering a more
efficient method of producing antirabies horse
serum for use in the prophylaxis of rabies in man,
also give further evidence of the high level of anti-
genicity of the vaccine made from infected suckling-
mouse brains.
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Tetanus neonatorum is reported to be a major
cause of death in many tropical and subtropical
countries. Estimates of the mortality due to this
cause vary from insignificant numbers to more than
10% of births.a
A number of possible methods of preventing this

disease have been put forward. They have ranged
from the provision of obstetrical services to the
protection of babies at birth with tetanus antitoxin
or antibiotics. The introduction of services has ob-
vious advantages over and above the prevention of
tetanus neonatorum, and has been successful in
markedly decreasing the incidence rate in some areas.

* Research study conducted by the International Center
of Medical Research and Training, Cali, Colombia, supported
by Grant E-4178 of the National Institutes of Health,
Public Health Service, US Department of Health, Education,
and Welfare, under the authority of the International Health
Research Act of 1960 (US Public Law 86-610). This com-
munication was presented to the Seventh International
Congresses of Tropical Medicine and Malaria, Rio de
Janeiro, Brazil, September 1963.

a Schofield, F. D., Tucker, V. M. & Westbrook, C. R.
(1961) Brit. med. J., 2, 785-789.

However, it is clear that even minimal services will
not reach some populations for a period of years.

Conscious of the difficulties of providing these
services, a number of workers have considered other
methods of prevention. Most work has centred upon
the passive protection of the baby at birth. Two
groups of workers in 1923 b and 1927 C described
the passage of tetanus antitoxin across the placenta,
from mother to baby, and suggested that this anti-
toxin might protect the baby. The success or failure
of this method was unconfirmed in the field until the
1961 New Guinea study.a This was not a strictly
controlled trial and is therefore open to some
methodological criticism. However, it appeared to
demonstrate that three injections of CSL formolized
tetanus toxoid given to pregnant women at six-
week intervals protected their babies from tetanus
neonatorum, while two injections gave less protec-

b Broeck, C. T. & Bauer, J. H. (1923) Proc. Soc. exp.
Biol. (N. Y.), 20, 399-400.

c Nathan-Larrier, L., Ramon, G. & Grasset, E. (1927)
Ann. Inst. Pasteur, 41, 848-861.
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tion, and one injection did not apparently alter the
existing rate. This trial lent support to the use of the
passive-protection method in the field, but did not
present a solution to the problem in those areas
where it would be uneconomic or impracticable to
ascertain and inject each pregnant woman three
times during her pregnancy.
Using an extension of the same reasoning, the

authors of this paper thought it possible that the
immunization of women before pregnancy, on a
population basis, might result in sufficiently high
tetanus antitoxin levels for the protection of babies
born subsequently. For this to be economic, the
degree of protection would have to remain high, and
last for at least three to five years.

In August 1961, a double-blind controlled field
trial to test this possibility was started in Guachene,
Departamento del Cauca, Colombia. The trial is
continuing and this note presents some of the pre-
liminary results up to 14 June 1963. Most of the
results compare the tetanus neonatorum rates in the
study and control groups of women before and after
one injection. Many of these women were already
pregnant when the study commenced. Subsequent
reports will describe the changes by time and the
experience of women immunized prior to pregnancy.

Study plan
The Corregimiento of Guachene, 45 km south-east

of Cali, was chosen as the study area. This is a rural
administrative unit defined on three sides by rivers,
with a small town of 1400 people, and a total estim-
ated population of 8000-9000 people. The popula-
tion is largely of the Negro ethnic group. Because of
an unbridged river, Guachene is cut off from the
administrative capital of the Municipio and possesses
no local medical services. The area is served by local
unregistered village midwives without formal train-
ing, but has no nurse or doctor. Malarial control by
house-spraying and smallpox vaccination have been
carried out by visiting teams. Most of the people live
scattered in the partly cleared forest near to their
small holdings and their coffee and cacao trees.
There are three moderate-sized sugar plantations and
a few large mixed farms in the area, which measures
approximately 7 x 14 km.
By Colombian law, all births are registrable, and

before burial a certificate must be issued recording a
non-medical opinion as to the cause of death.
However, in 1961 in Guachene, it was not possible to
register births within the area and some young babies
may have been buried without a burial certificate.

From the existing records, it was estimated that in
1960 the tetanus neonatorum death-rate in the area
was 11 per 100 births.

In August 1961, the study started with the survey
and registration of women between the ages of 13
and 40 years; the formation of a pregnancy register;
the encouragement of birth and death registration;
and the regular visiting of all known births (at birth
and at 30 days) to ascertain and distinguish between
tetanus neonatorum and other deaths in the first
30 days after birth.

All women registered were allotted a code number
according to their order of ascertainment; these code
numbers had previously been divided by means of
random sampling numbers into two groups-A and
B. Women who were registered but refused any
immunization, or who were not offered immuniza-
tion, were allocated to a third group-C.
Each woman agreeing to immunization was

inoculated intramuscularly with 1 ml of a prepara-
tion bearing the same code number as the registration
card of the woman. One preparation was an alu-
minium phosphate adsorbed tetanus toxoid and the
other a polyvalent influenza virus vaccine. The pre-
parations were indistinguishable in appearance and
packaging, and were precoded by a person uncon-
nected with the study. The women, the investig-
ators and the field workers did not know which
preparation was tetanus toxoid at any time during
the trial. Three injections were offered to each
woman with a minimum interval of six weeks be-
tween injections.

All groups (A, B, and C) have been followed from
the start of the trial by means of:

1. A continuous pregnancy survey and follow-up.
2. Community ascertainment of births.
3. Follow-up visits to all known births, as soon as

possible after delivery, and at 30 days after birth.
4. Visits to the households of all deaths occurring

less than 30 days after birth.

All births and deaths in the first 30 days, in all
groups, are related to the code number, group and
immunization status of the mothers at the time of
their deliveries by the use of master cards.
Deaths in the first 30 days after birth are classified

as tetanus neonatorum and non-tetanus deaths
through direct observation of the baby before death,
records of medical consultations of the child during
the terminal illness, or by direct questions to the
mother after the child's death. A child is considered

440



USE OF TOXOID FOR PREVENTION OF TETANUS NEONATORUM

TABLE I
REGISTERED WOMEN BY GROUP AND IMMUNIZATION

STATUS, 17 AUGUST 1961 TO 14 JUNE 1963

Number of Number of women given:
Group registered 3women injection injections injections

Control 836 309 192 335

Study 738 288 161 289

Non-
immunized 465 0 0 0

Total 2 039 597 353 624

to have died of tetanus neonatorum if the following
four factors are present:

(a) The child cried and sucked normally during
the first two days after birth.

(b) The first symptom was a failure to suck in the
first 3-10 days after birth.

(c) Risus sardonicus was present.
(d) The mother could demonstrate the typical

spasms of the infant (flexion of the arms, clenched
fists, extension of the legs, plantar flexion of toes).

The number of women in each group up until
14 June 1963, and their immunization status, is given
in Table 1. From 17 August 1961 until 14 June 1963,
743 known pregnancies terminated in 699 live-births
and 44 foetal losses (stillbirths and abortions). The
number of recorded births is 248 in the control group
and 239 in the study group. Of the 699 live-born
children, 46 died from tetanus neonatorum and 31
from other causes (within 30 days of birth).

Earlier in the immunization phase of this study, it
was recognized by both the field workers and the
volunteer women that the tetanus toxoid was more

painful after injection than the control preparation,
and that the number of refusals was greater in the
study than in the control group. This has resulted in
a larger control group. The two groups are similar
in other respects. Their mean ages are 27.13 years
(control) and 25.94 years (study) and their mean

parities 2.86 (control) and 2.64 (study) pregnancies
per woman.

Group C is slightly older (mean age 28.14 years)
than the control and study groups, and has a mean

parity of 3.04 pregnancies per woman.

Immunization and follow-up are continuing. This
note must be considered purely a preliminary report
from a study which is planned to continue until 1965.

Results

The preliminary results are summarized in Table 2.
The number of births, the deaths due to tetanus and
to other causes and the tetanus death-rate per 100
births are given separately for the study and control
groups and by immunization status. In addition,
two babies who had a tetanus illness but who
did not die have been included in the table in
parentheses.

It can be seen that in the control group there has
been a possible decline in the tetanus neonatorum
rate per 100 births from the experience prior to
injection at the beginning of the study to the later
period after one, two or three injections. This could
be a function of the small numbers or be due to
chance factors, but it may be a real decrease resulting
from unknown causes, from changing practices, or
directly from the programme, which concentrated
upon one disease and emphasized its importance to
the community. If this is a real change, it is likely to
have occurred equally in all groups. Because of this
possibility, all comparisons should be made between
the study and control populations at the same
period of time.

Prior to the first injection, the study and control
women had a similar number of births and non-
tetanus deaths. At this time, the tetanus neonatorum
death-rates were 8.9 and 16.7 per 100 births-that is
7.7 tetanus deaths per 100 births greater in the control
than in the study group. This difference is only
slightly greater than the standard error of 6.3 and
could be due to chance factors.

After one injection there was an immediate and
marked difference between the two groups, possibly
increasing as the time interval after injection in-
creased. This difference was not in the number of
births or in the non-tetanus death-rates, but in the
tetanus death-rate, which was 10.6 per 100 births in
the control group and 3.7 per 100 births in the study
group. (Observed difference 6.9%; standard error
3.2%.) This difference is unlikely to have occurred
by chance at the 5% level.
However, the differences between the two groups

can be considered to be even greater if it is accepted
that tetanus toxoid does not act immediately, and
that a period of 3640 days must elapse before anti-
toxin levels become high in newly immunized
individuals. Of the four babies who died in the study
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TABLE 2
BIRTHS, TETANUS DEATHS, AND DEATH-RATES AMONG STUDY AND CONTROL WOMEN,

17 AUGUST 1961 TO 14 JUNE 1963

Prior to After 1 injection After 2 or 3 injections Total
Injection <~after1-3in< 3 > 3-< 9 9 months Total < 3 > 3-< 9 9 months Total injections

months months and more months months and morel

Control group

Known births 54 52 49 31 132 33 23 6 62 194

Totaldeaths(<30days) 14 10 6 2 18 0 3 1 4 22

Non-tetanus doaths 5 2 2 0 4 0 1 1 2 6

Tetanus deaths 9 (10) a 8 4 2 14 0 2 (3) a 0 2 (3) a 16 (17) a

Tetanus deaths per
100 births 16.7 (18.5) a 15.4 8.2 6.4 10.6 0 8.7 (13.0)aI 0 3.2 (4.8) 8.2 (8.8)a

Study group

Known births 56 33 44 31 108 41 25 9 75 183

Totaldeaths(<30days) 9 5 2 2 9 1 2 0 3 12

Non-tetanus deaths 4 3 1 1 5 1 2 0 3 8

Tetanusdeaths 5 2 1 1 4 0 0 0 0 4

Tetanus deaths per l
100 births 8.9 6.1 2.3 3.2 3.7 0 0 0 0 2.2

a Including children with symptoms of tetanus who did not die.

group, one was born 11 days and another 33 days
after the maternal injection. That is, two out of the
four tetanus deaths occurred prior to the period when
maximum tetanus antitoxin levels could be expected
to have been reached.

In the women who were delivered of live-born
children after two or three injections, none in the
study group had a tetanus death while two tetanus
deaths occurred in the control group. The number of
births and deaths after two or three injections is
small at the time of this preliminary report and im-
possible to interpret. However, these few results are
consistent with the hypothesis that two and three
injections of tetanus toxoid are preventing tetanus
neonatorum. The combined tetanus death-rates
after one, two and three injections are 8.2% (control)

and 2.2% (study), standard error 2.2 %. This
difference is unlikely to have occurred by chance
more than 1 in 80 times. If the one relevant non-
fatal tetanus illness is also included, the difference is
even more marked.

In group C (non-immunized women), 192 births
were registered with 9 non-tetanus and 12 tetanus
deaths (6.3 per 100 births). This is a lower total and
a lower tetanus death-rate than in either the study or
the control groups prior to immunization. But this
is an exceptional group in other ways also. If this
" remainder " group of women has a consistently
lower rate than the other two groups, it is probable
that both the study and control groups will show
decreasing tetanus rates as the number of immunized
women increases and group C decreases.
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The age distribution of recorded deaths (tetanus
neonatorum and non-tetanus) is given in Table 3.
Ages at death (in days) ranged from three to 19 days
with a mean age of 9.1 days.

Only two children with tetanus symptoms were
known to survive (with one other possible tetanus
illness), giving a mortality rate of 96% per 100
tetanus cases;

TABLE 3

AGE DISTRIBUTION OF RECORDED DEATHS
IN ALL GROUPS 0-30 DAYS AFTER BIRTH,

17 AUGUST 1961 TO 14 JUNE 1963

Ag atdah-I ____Age(death Tetanus Non-tetanus Total

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

2

11

11

5

6

4

2

7

3

5

1

2

2

2

7
3

5

2

0

3

12

13

6

6

4

2

2

3

0

0

2

1

0

0

0

0

0

1

0

0

Total 46 31 77

Discussion and conclusion

This report upon the tetanus neonatorum field
trial is preliminary and incomplete and deals with
small numbers only. However, marked differences
are already apparent between women immunized
with aluminium phosphate adsorbed tetanus toxoid
and those injected with an influenza vaccine.

Before accepting that the apparent differences are
valid, it is necessary to examine the two groups of
women to see if they are similar in all other relevant
respects. Because of the reported discomfort after
injection with the tetanus toxoid, the study group
women refused injection more often than the control
women. This resulted in a slightly smaller and
younger study group (one year younger in mean age)
but of similar parity to the control group. These
differences may well be related to the expectancy of a
woman having a live-born child who could die of
tetanus, but it is improbable that they are of an
order that could explain the differences in the tetanus
neonatorum death-rates which have been observed.
The study was designed so that the selection of

women, the recording of births, the registration of
deaths, and the diagnosis of tetanus could not be
biased by the previous knowledge of the volunteer
women or any of the investigators.
The diagnostic method of differentiating tetanus

from other causes of death has been by necessity
imperfect, and although it is probable that each
recorded tetanus death was due to tetanus, it is pos-
sible that some deaths recorded as non-tetanus were
due to tetanus also. This possibility of error in re-
cording must remain, but there is no reason to believe
that it was more likely to occur in one group than in
the other. The similar rates of non-tetanus deaths
in the two groups support this conclusion.

Despite these possible sources of error, we con-
sider that these preliminary results show that this
method of prevention of tetanus neonatorum, using
this preparation, in this group of people, is effective
to a considerable degree. It does not prevent all
tetanus neonatorum deaths after one injection
(although it may well do so after two or three
injections) but it decreases the number of deaths to
a significant extent. This partly confirms the New
Guinea findings.a Later, when all the Guachene
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results are available, this confirmation may be more
convincingly demonstrated.
Two further questions described in the introduc-

tory paragraphs have not yet been answered. Most
of the results reported here concern the babies of
women immunized during their pregnancy. We have
not reported upon the effectiveness of immunization
of women inoculated prior to pregnancy, or upon
how long this protection lasts. This information is
necessary for the advocacy and support of commun-
ity-wide preventive measures in special high-
incidence areas. We hope that the results from

Guachene in 1964 and 1965 will help to answer these
questions.

* *
*
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Colicinogeny in Salmonella Serotypes in India

by S. C. AGARWAL, M.D., Ph.D., National Salmonella and Escherichia Centre, Central Research Institute,
Kasauli, Punjab, India a

Colicines are narrow-range antibiotics produced
by some strains of Enterobacteriaceae, chiefly
Escherichia, Shigella and infrequently Salmonella.
Colicinogeny or ability to produce colicines is a
stable and inheritable property of these Escherichia
and Shigella strains. b It is rather uncommon in
Salmonella. In the present investigation 820 Salmo-
nella strains belonging to 30 serotypes commonly
occurring in India c have been tested for colicinogeny
and 1.8% of strains have been found to be colicino-
genic, producing different types of colicines.

Materials and method
Bacterial strains. These strains were isolated from

both human and animal sources, and were obtained
from various hospitals and public health laboratories
in the country. The immediate sources were faeces,
vomit, blood and occasionally cerebrospinal fluid.

Media. Nutrient broth was made by adding beef
extract 7.5 g, proteose peptone (Difco) 12.5 g,
sodium chloride 7.5 g, and making up the final
volume with distilled water to 1000 ml. The pH
was adjusted to 7.1. The medium was sterilized by

a Present address: Associate Professor in Microbiology,
Institute for Postgraduate Medical Research and Education,
Chandigarh, Punjab, India.

b Fredericq, P. (1957) Ann. Rev. Microbiol., 11, 7-22.
c Agarwal, S. C. (1963) Bull. Wid Hlth Org., 29, 113-117.

autoclaving at 15 p.s.i. (1.05 atm) for 20 minutes.
Basal agar contained 1.5% Difco agar in nutrient
broth. Soft agar was made by incorporating 0.5 %
agar in nutrient broth.

Identification of colicine sensitivity. The double-
layer method of Gratia b was used. The various
strains were first isolated and single colonies were
picked up from growth on MacConkey agar plates.
These were subcultured in nutrient broth and allowed
to grow for 24 hours at 37°C. Inocula from this
24-hours' growth were streaked and stabbed into
nutrient agar plates with a straight platinum wire.
Eight strains were inoculated into each nutrient agar
plate. After 48 hours' growth at 37°C, the macro-
colonies were sterilized with chloroform vapour and
overlaid with 5-8 ml of soft agar mixed with 0.1 ml
of 6-hours' growth of E. coli (Row) in nutrient
broth. The plates were incubated at 37°C for
24 hours and the zones of inhibition were read.

Identification of colicines. E. coli (Row) strains
resistant to various colicines (e.g., V and I, K, B
and E) were used for the detection of colicines.
These strains, labelled R/B, R/V & I, R/K, and
R/E, were kindly supplied by Professor P. Fredericq
(University of Liege, Belgium). The colicines were
detected by seeding the plates with E. coli (Row)-
resistant strains instead of E. coli (Row) and reading
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