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occur as a result of poliomyelitis even when a high level
of specific antibody has been produced (Janeway and
Gitlin, 1957).
The neutralizing antibody levels in both boys' sera

seem adequate. In the absence of early " acute " sera,
however, it is impossible to assess how much antibody
is due to immunization or past infection and how much
is a consequence of recent infection. Moreover, the
high antibody levels against poliovirus types 2 and 3 may
be, at least partially, the result of a heterotypic response
(more clearly seen in the paralytic case). The titration
of complement-fixing (C.F.) antibody in the sera might
have helped to resolve some of these difficulties. Unlike
neutralizing antibody, C.F. antibody rises slowly after
antigenic stimulation, generally declines to undetectable
levels within a year, and heterotypic responses are
unimportant (Lennette and Schmidt, 1957). It is
unfortunate that C.F. tests in relation to poliovirus are
still not widely performed beoause of technical
difficulties.

It mray be concluded, then, that an apparently normal
child contracted severe paralytic poliomyelitis despite
a course of three injections of Salk-type British vaccine.
A sister developed " non-paralytic " poliomyelitis and a
brother experienced a suspicious illness in spite of similar
courses of immunization.

It should be noted that the third injection was given
15 months after the second in the paralytic case, and
about 18 months after the second in the case of the
other children. The recommended interval is 7 to 12
months (Ministry of Health Memorandum, 1961).

If the antibody response to the first two doses is rather
poor and the third dose is given more than a year after
the primary course, there may be little booster effect.
This may explain the low antibody titre in the blood of
the paralytic case reported here; it also gives some
support to the view that antibody titre is related to
susceptibility to infection.

It is relevant to recall also that the antigenic potency
of the type 1 component of the inactivated vaccine used
in the United Kingdom has been shown to be less satis-
factory than that of the type 2 and type 3 components
(M.R.C., 1959).

Summary
An isolated family outbreak of type 1 poliovirus

infection is reported. Although three of the four
children in the family had had three and one had had
four injections of Salk-type vaccine, one of them
contracted severe paralytic poliomyelitis, and two of the
others developed non-paralytic illness.

Attention is drawn to the recommend-ed interval
between the second and third injections of Salk-type
vaccine, and also to the variability in antigenic potency
of the type 1 component in vaccines hitherto available.

(The paralytic case is to be included in the M.R.C. Inquiry
concerning poliomyelitis in the immunized. Ref. No.
HCA/ 13/9/11/Part A.)
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INEFFICiENCY OF PURIHED
DIPHTIIERIA FORMOL TOXOID IN
PRIMARY IMMUNIZATION AGAINST

DIPHTHERIA
A REPORT TO THE MEDICAL RESEARCH

COUNCIL BY ITS COMMlITEE ON DIPHTHERIA
TOXOID*

It is difficult to assess the immunizing efficieacy of the
diphtheria plain formol toxoid (F.T.) used in the early
days of immunization against diphtheria. There were
considerable variations in the procedures used, such as
the size and number of doses, the interval between
doses, and the time and method of measuring the degree
of immunity induced. Another complicating factor was
that when the earlier investigations were made there was
a high incidence of the disease in the child population,
contributing no doubt to the stimulation of immunity.
Nevertheless, plain F.T. was extensively used with clini-
cal success, and the account by Fitz-Gerald (1928), of
Canada, gives a clear example of this, although there is
little precise information available about its perform-
ance in the child population of Britain during this
period.
During 1931 to 1934 alum-precipitated diphtheria

toxoid (A.P.T.) was introduced by Glenny and Barr
(1931), and this rapidly replaced F.T. in Britain because
of its greatly superior immunizing activity. In the early
1950s interest arose in the relationship between polio-
myelitis and inoculations, resulting in a Report to the
Medical Research Council (1956) which showed that
inoculation with certain of the prophylactics against
diphtheria and pertussis involved some risk of provok-
ing paralysis due to poliomyelitis. The risk was shown
to be minimal when alum-free diphteria toxoid or
plain pertussis vaccine was used singly. These findings,
some of which were challeneged by Holt (1959), led to
the recommendations by the Ministry of Health (1957)
that non-alum-precipitated antigens should be used in
immunizing against diphtheria and that in general they
should be given singly and not combined with other
antigens. Accordingly supplies of plain F.T. were made
available which contained 60 flocculating units of
toxoid per ml. (60 Lf/ml.), and it was recommended
that primary immunization with this material should
consist of two injections each of 1 ml. at an interval
of not less than four weeks.

These recommendations were not unreasonable in
view of the findings of Bousfield and Holt (1954) that
purified plain F.T., when given to children in two spaced
doses each containing 30 Lf, was able to produce a
Schick conversion rate of 96.6% when measured four
weeks after the second dose. Nevertheless, it was
*Members of the Committee.-Professor D. G. Evans (chair-

man), Miss Mollie Barr, Dr. W. C. Cockburn, Dr. L. B. Holt,
Dr. D. A. Long, Dr. A. Shaw, and Dr. J. Ungar.

Preparation of toxoid.-The diphtheria formol toxoid was pre-
pared by Dr. L. B. Holt at the Wright-Fleming Institute of
Microbiology.
Laboratory tests for antigenic potency.-The toxoid was tested

for potency by Miss M. Barr, Professor D. G. Evans, Dr. L. B.
Holt, and Dr. J. Ungar.

Titration of Sera.-The children's sera were titrated for anti-
toxin by Miss M. Barr at the Wellcome Research Laboratories.

Trials in children.-The scheme for the immunization and
follow-up of the children was prepared by Dr. W. C. Cockburn
and carried out by Professor D. B. Bradshaw, Dr. A. Shaw, and
Mrs. D. Holiday, of the Public Health Department, Leeds.

Professor D. G. Evans and Dr. L. B. Holt prepared the report.
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IMMUNIZATION AGAINST DIPHTHERIA

decided to make further investigations of the efficacy
of the present-day plain F.T. and to measure the effect
not only by Schick conversion rates but also by anti-
toxin responses.

Procedures
Formol Toxoid.-Purified F.T. containing 2,000 Lf/

mg. of protein nitrogen was used; details of this
preparation have been published by the World Health
Organization (1953). It was shown to have a similar
potency to the International Standard for Diphtheria
Toxoid on an Lf basis when assayed in guinea-pigs.
The dilutions of the F.T. used for the clinical trials
were tested in four different laboratories and all agreed
to their Lf values; they were also tested according to
the Therapeutic Substances Regulations and found
satisfactory.

Immunization of Children
Five separate trials were made in children 6 to 12

months of age (mainly 6 to 9 months) who were brought
to the clinics for routine immunization against
diphtheria. As 10 children selected at random were
found to be Schick-positive it is probable that the
majority, if not all, of those included in the trials were
non-immune. These 10 children, although immunized,
were not included in the study as it was considered that
the Schick test would interfere with the results. Trials
I, II, and III were made in parallel and were followed
later by trials IV and V, which were also made in
parallel. The F.T. was given subcutaneously and serum
samples for antitoxin titration were taken from a
number of the children in each trial who were selected
at random.

Trial 1.-Eighty-one children were given two doses of
F.T. each of 60 Lf at an interval of four weeks. Four
weeks after the second dose serum samples were taken
from 18 children and the remaining 63 were Schick-
tested.

Trial 11.-Thirty-five children were given two doses of
F.T. each of 300 Lf at an interval of four weeks. Serum
samples were taken from 16 of them four to six weeks
after the second dose.

Trial 111.-Fifty children were given three doses of
F.T. each of 60 Lf with an interval of four weeks
between the doses. Serum samples were taken from 21
children 4 to 6 weeks after the second dose.

Trial IV.-Fifty children were given two doses of
F.T. each of 60 Lf at an interval of four weeks. Serum
samples were taken from 22 children 10 to 14 weeks
after the second dose.

Trial V.-Fifty children were given two doses of F.T.
each of 60 Lf at an interval of six weeks. Serum
samples were taken from 16 children 10 to 14 weeks
after the second dose.

Schick Tests.-Schick tests were made on 146
children, including some from the trial groups and also

some who had been routinely immunized with F.T.
independently of the trials. The time of Schick testing
varied from four to 29 months after the last dose of F.T.

Results
No local or general reactions were reported following

immunization in any of the trials.
Table I, which gives the antitoxin titres obtained in

each trial and in all the trials combined, clearly shows
the poor immunizing potency of the F.T. In trial 1,
when two doses of 60 Lf were used, 4 out of 18 children
(22%) had less than 0.005 u./ml. and 8 (44%) had less
than 0.01 u./ml. Very little improvement was obtained
in trial II, when two doses each of 300 Lf were given,
5 out of 16 children (31%) having less than 0.01 u./ml.
With three doses of 60 Lf, in trial III, there was a slight
improvement, but still 3 out of 21 children (14%) had
less than 0.01 u./ml.
The poor response to F.T. was also evident from the

results of the Schick tests on the remaining children in
trial I. Of the 63 tested, 6 (9.5%) gave a Schick-positive
reaction.

Trials IV and V were made to examine the effect of
extending the interval between the doses and also to
determine whether a better response would be obtained
10 to 14 weeks after the second dose than at four weeks.
The results of trial IV are in agreement with those of
trial I ; 41 % of the children in trial IV had less than
0.01 u./ml. compared with 44% in trial I. It was thus
evident that antitoxin responses 10 to 14 weeks after
the second dose were no better than at one month.
It is also clear from the results of trial V that there
was no striking improvement when the two doses of
F.T. were given at an interval of six weeks, 38% of the
children having less than 0.01 u./ml.

Table II gives the results of the Schick tests on a
total of 146 children, and it is seen that 28 (19%) of
them gave a Schick-positive reaction.

TABLE II.-Results of Schick-testing Children Itioculated with
Plain Formol Toxoid (F.T.)

Interval Age of
between Last Children Proportion

Inoculation Children Injection when of Children
Schedule and Schick Schick- Schick-

Test tested positive
(Months) (Years)

2 x 60 Lf at 4-
weeks interval . . 12-14 2 3,'10

2 x 300 Lf at 4- Taking
weeks interval . . part in 26-29 3 2 '9

3 x 60 Lf at 4- r the
weeks interval . . trials 25-29 3 4,/17

2 x 60 Lf at 6-
weeks interval . J 10 1-5 0 '4

2 x 60 Lf at 4- 1
weeks interval .. L Routinely 7 1-5 16'72

2 x 60 Lf at 4- immunized
weeks interval.. J 4 1-5 3'34

Total 28 146

TABLE I.-Diphtheria Antitoxin Titres of Children Inoculated with Plain Formol Toxoid (F.T.)

Interval
Interval between No. of No. of Children with Antitoxin (u. 'ml.) Median

Trial Inoculation between Last Dos Children TitreSchedule Doses and Serum Tested Titre
(Weeks) Collection < 0 005 0 005- 0 01- 0-02- 0 05- 0 1- 0-2- 0 5- 1- (u/ml.)

(Weeks) 0 01 0-02 0 05 0.1 0 2 0 5 1 5

I 2 x 60Lf 4 4 18 4 4 4 1 2 0 2 1 0 001-002
II 2 x 300 Lf 4 4-6 16 3 2 1 1 3 0 2 3 1 005-0-10
III 3 x 60 Lf 4 4-6 21 3 0 1 6 2 0 1 7 1 0.05-0 10
IV 2 x 60 Lf 4 10-14 22 9 0 5 3 3 2 0 0 0 0-01-002
V 2 x 60 Lf 6 10-14 16 5 1 1 1 3 2 3 0 0 0-02-005

All reut 93- 24 7 12 12 13 4 8

_ _

2 0
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93 24 7 12 41 12 13 8 I11 2 0-03All results ..
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Discussion
It is not easy to reconcile these findings with those

obtained in the early days of diphtheria immunization
when F.T. was extensively used with definite clinical
success. It is possible that the reason for the poor
immunizing action of the present-day F.T. is the fact
that it is prepared in a highly purified form, whereas
the F.T. used in the early days undoubtedly contained
many impurities which might well have exerted an
adjuvant effect.

There is also a discrepancy between our findings and
those reported by Bousfield and Holt (1954), who ob-
tained better Schick-conversion rates in children after
two spaced doses of 30 Lf of F.T. This discrepancy
can, however, be explained on the basis of the difference
in immunizing procedures. Whereas Bousfield and
Holt always Schick-tested the children before immuniz-
ing them this was not done in our trials. Recently
Bousfield and Holt (1962) have shown that better
Schick-conversion rates can be obtained if children are
Schick-tested before being immunized, particularly if
the testing is done four weeks rather than one week
before the injection of F.T. This effect is presumably
due to the additional antigenic stimulus provided by the
Schick-test dose.
From the results of our study it is concluded that

diphtheria plain F.T. as prepared at the present time
in a highly purified form is not suitable for primary
immunization against diphtheria. In order to obtain
adequate primary immunization with such a purified
antigen it is essential that it should be combined with
an adjuvant such as pertussis vaccine or a mineral
carrier. It would thus seem desirable to give young
children a combination of pertussis vaccine with
diphtheria and tetanus toxoids (triple vaccine), and to
older persons who have not previously been immunized
a combination of diphtheria and tetanus toxoids con-
taining a mineral carrier such as aluminium hydroxide
or phosphate. Although it might be argued that such
combinations carry a slight risk of provocation to polio-
myelitis, now that vaccination against poliomyelitis is
practised on a wide scale the risk is much less than in
past years and will not become more frequent if the
prevalence of poliomyelitis in the population remains
low. If the triple vaccine is given after immunization
with the poliomyelitis vaccine, as in Schedule Q of the
Ministry of Health's Circular (1961), the risk should be
almost negligible.

Summary
Field trials of diphtheria plain formol toxoid (F.T.)

in children 6 to 12 months of age have shown that the
highly purified material prepared at the present time
is not suitable for primary immunization against
diphtheria.

The Committee is grateful to those parents in Leeds who
consented to have their children take part in this study.
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SKIN PREPARATION AND TOWELLING
IN PREVENTION OF WOUND

INFECTION
BY

R. C. SHEPHERD, M.Chir., F.R.C.S.

AND

J. B. KINMONTH, M.S., F.R.C.S.

From the Surgical Professorial Unit, St. Thomas's Hospital
Medical School, London

Records of sepsis in wounds after clean surgical opera-
tions have been kept in a uniform fashion in this unit
since the beginning of 1955. Certain changes in anti-
septic methods have been made from time to time,
keeping as far as possible other factors constant, so that
the effect of the changes on the sepsis rate might be
observed. In a previous publication (Kinmonth et al.,
1958) the effects of changes in theatre ventilation on the
bacterial content of the air and on wound sepsis were
described. In that publication it was recorded that 10%
of ouir patients were found to carry hospital staphylo-
cocci on their skin. This finding was based on swabs
taken fronm the skin on the operation area just before
the final skin preparation was made in the theatre. It
was suggested that skin carriage such as this might be a
cause of wound sepsis.

This is a report of the results of changes in techniques
designed chiefly to reduce infection of clean wounds by
organisms on the skin. The changes consisted, firstly,
of more thorough preparation of the skin in the ward
and in the theatre before operation, and, secondly, of
measures taken during the operation to prevent transfer
of organisms from the surrounding skin into the wound
itself.

Methods
Records.-These were kept in the same way as in

our previous studies. The particulars of the surgical
operations, all of which were performed in the North
Theatre of St. Thomas's Hospital, were entered in a
wound book, which was reviewed monthly. The same
criteria for grades of sepsis were used as in the previous
study. It was classed as grade 1, or minor sepsis, if
merely low-grade inflammation in the surface of the
wound or the skin around it existed or if stitch infection
occurred. Grade 2, or major sepsis, comprised those
cases in which definite suppuration, delay in wound-
healing, and fever occurred. Swabs were taken of all
infected wounds, and records were kept of the organisms
grown and of their sensitivity to antibiotics.
Changes in Antiseptic Methods.-The changes made

in January, 1959, were as follows:

Before January, 1959 From January, 1959

In Ward
Bath: ordinary soap Bath: hexachlorophane ("cidal") soap.
Spirit paint-up and sterile Hexachlorophane wash and sterile towel

towel covering covering

In Theatre
5-minute wash with hexachlorophane soap

2% Iodine tincture 2% Iodine tincture
±Muslin skin towels Plastic skin towels
Hand-dips: saline Hand-dips: chlorhexidine ("hibitane")
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