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Shillong j.s the administrative capital of the 
Province of Assam and is a hill station, in 
which there are three schools for European 
children. During* the school season, these 
schools receive pupils as boarders', who come 
from all over India. 

In 1917 a serious outbreak of diphtheria 
occurred in one of these schools, when 40 cases 
of diphtheria occurred with two deaths. Since 

then, in spite of scrupulous attention to school 
hygiene, isolation of cases and search for con- 
tact carriers, there has been an annual crop 
of diphtheria cases which has caused so much 
trouble to the school authorities, and so much 

anxiety to parents, that fear of these out- 

breaks was tending to empty the schools. 

The actual number of cases occurring; is 
shown below? 

Tabix I. 
Number 

Year. of cases of 

diphtheria. 
1917 .. .. .. 40 
1918 .. .. .. 16 
1919 .. .. .. 2 
1920 .. .. 3 
1921 .. .. .. 26 

Before describing the'work done by us in 

Shillong, it may be of interest to give brief de- 
tails of the Schick test, and toxin-anti-toxin 
immunisation as carried out in America and 

England. 
Schick Test. 

It is well known that this test determines 

by a local reaction, or its absence, whether an 
individual is, or is not, susceptible to diphtheria. 
That the reaction is specific may be judged 

from the following:? 
(a) Schick has found that those giving a 

negative reaction have at least 1130th of a unit 
of natural diphtheria anti-toxin in their blood, 
sufficient to protect them from an attack of 

diphtheria, whilst those giving a positive re- 
action have less than this amount of diphtheria 
anti-toxin or none at all in their blood. This has 

been confirmed by other workers. 
(b) The Schick reaction is found to be 

negative in cases which have recently been 

given diphtheria anti-toxin, and in cases where 
the anti-toxin has been given at the same time as 
the test. 

(c) Cases giving a negative reaction do not 
develop diphtheria, even when exposed to in- 
fection. Thus Zingher(l) states, of 2,200 
scarlet fever patients who gave negative re- 
actions on admission to the Wellard Parker 

Hospital, none developed diphtheria though 
they were exposed to cases of diphtheria among 
the Schick positive patients, even though 
some of them became carriers of virulent 

diphtheria bacilli during their stay in hospital. 
In 500 cases tested by L,eete(2), eleven cases 

developed diphtheria. Of these, ten were among 
cases who gave a positive Schick reaction, and 
one was a case who gave a doubtful reaction. 

Judging by the results of the Schick test, 
the susceptibility to diphtheria varies with age. 
The following figures of Park and Zingher(3) 
are based on many thousands of cases tested. 

Tabi,e II. 

Age. Susceptible. 
3 to 6 months .. .. 30 per cent. 

6 months to 1 year .. .. 60 ? 

1 to 2 years .. .. 70 ? 

2 to 3 years .. .. 60 ? 

3 to 5 years .. .. 40 ? ? 

5 to 10 years .. .. 30 ? 

10 to 20 years .. .. 20 ? ? 

Over 20 years .. .. 12 ? ? 

Four types of reactions are met with (4). 
(1) Positive reaction.?Those having less 

than l|30th unit of natural diphtheria anti- 
toxin per c. c. in their blood. 
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(2) Negative reaction.?Those having at 

least 1 [30th unit of anti-toxin per c. c. in their 

blood. 

(3) Pseudo-reaction.?Those reacting to the 

bacillary protein but not to diphtheria toxin. 

(4) Pseudo and positive-combined reaction. 
Those reacting to both the diphtheria toxin and 
the bacillary protein. 

Toxin-Anti-toxin Immunisation.?This con- 

sists of three injections at weekly intervals of 
1 c. c. of diphtheria toxin, suitably neutralised 
with anti-toxin. The actual strength of the 
mixture employed is 85 per cent. L. dose of toxin 
per unit of anti-toxin. 
As to the immunity conferred, the follow- 

ing figures are of interest:? 
Bauer (5) immunised 1,100 children with the 

toxin-anti-toxin mixture who were found to be 

susceptible to diphtheria by the Schick test. 

Two hundred of these were re-tested after five 
months and all gave a negative test. 

Park, quoted by M. Garcia Bonus(6), found 
95 per cent, immunised after three injections 
of toxin-anti-toxin. These were among many 
thousands of cases done. 

Schroedar(6) immunised 50,000 school children 
at Brooklyn, New York. After two years, 570 
children were re-tested, of whom 92.4 per cent, 

were found to be immunised. 
The length of time immunity lasts is not 

quite certain, but it is at least 5-| years and 
probably for life. Schroedar(6) has re-tested 
certain children yearly for over 5 years and found 
no variation in their immunity. Park(6) has 
tested cases 5 years after they were immunised 
and found them still immune. 

Tests done in Shillong. 

Having decided to test all the school children 

by the Schick test and to immunise those found 
positive with toxin-anti-toxin, it was discovered 
that the materials were not obtainable in India. 

Owing to rapid deterioration of diluted diphtheria 
toxin when exposed to heat or light it is not stored 
in the tropics. Undiluted toxin is more stable, 
but will not stand a temperature of 37?C. for 

many days. 
Negotiations were opened however with an 

American firm by the Director of Public 
Health for the supply. It was received in 

April 1922, and put into cold storage imme- 
diately, and the following tests carried out 

(by E. C. R. F.). 
The toxin for the Schick test was received 

in capillary tubes, each capillary tube con- 

taining sufficient for ten tests. As each test 

requires 1|50 M.L.D., each capillary tube con- 
tained 10|50 of one M.L.D. 
1st Experiment. 

Guinea pig weighing 250 grammes was ino- 
culated subcutaneously with the contents of 
five capillary tubes representing one M.L.D, 

Result. No local reaction, no induration, no 
signs of paralysis. 
2nd Experiment. 

Guinea pig of 250 grammes inoculated as in 

No. 1 with the contents of 10 capillary tubes 
or 2 M.L.Ds. Result.?Same as No. 1. 
3rd Experiment. 
Guinea pig of 250 grammes inoculated with 

the contents of 15 capillary tubes or 3 M.L.Ds. 
Result.?Same as No. 1. 

This particular diphtheria toxin was thus 
found to be inert and was not used. 

Through the kindness of Dr. O'Brien of the 
Wellcome Research Laboratory, a fresh supply 
of toxin for the Schick test was received and 

put to the following tests:? 
The toxin was undiluted and received in 

capillary tubes. Each tube contained 1 M.L.D. 
l.v/ Experiment. 
(A) Guinea pig (250 grammes) inoculated 

subcutaneously with 1 M.L.D.S. (? contents of 
one capillary tube). 

Result: 1st day. Some local induration. 
2nd day. ? ? ? 

4th day. Necrosis and sloughing. 
9th day. Paralysis. 
11th day. Death. 

(B) Guinea pig (250 grammes) inoculated 
with 1 M.L.D. toxin?500 c.c. anti-toxin given 24 
hours previously. 
Result.?No local or general reaction. 

2nd Experiment. 
(C) Guinea pig (250 grammes) inoculated 

subcutaneously with 2 M.L.D. of toxin (2 capil- 
lary tubes). 

Result: 24 hours. Marked induration. 
48 hours. Necrosis and sloughing. 
72 hours. Death. 

3rd Experiment. 
Intradermal inoculations were done with 

0.2 c. c. of each of the following dilutions of 
toxin :? 

(A) 1|50 of 1 M.L.D. (One capillarv tube). 
(B) 1|250 of 1 M.L.D/ 

(C) 11500 of 1 M.L.D. 

(D) 111000 of 1 M.L.D. 
A. Gave a well-marked positive reaction. 
B. Was positive but less definite. 
C. Was doubtfully positive. 
D. Was negative. 
This Schick toxin, received from Dr. O'Brien, 

was used for all the tests carried out. 
The toxin-anti-toxin received from America 

was found potent, i.e., 5 c.c. injected subcutane- 
ously into a guinea pig weighing 250 grammes, 
caused local induration and paralysis on the 
7th day. The test laid down in America is that 
5 c.c. should cause delayed paralysis but not 
acute death. 

Of 121 children immunised 74 were done 
with the American toxin-anti-toxin and the re- 

mainder with a supply received from Bur- 

roughs Wellcome and Co. 
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The toxin used was diluted immediately be- 
fore use in the diluent sent out with the toxin ; 
the strength of the dilution being- l!50 of 1 
M.L.D. in 0.2 c.c. 
One c.c. Roux syringes were used with very 

line needles. Both forearms were exposed and 
sterilised with ether, and 0.2 c. c. of the toxin 
injected intradermally into the anterior aspect 
of the right forearm. Assistant Surgeon R. T. 
Sen, L.M.s., assisted the writers in the adminis- 
tration of the injection. 
The same quantity of heated toxin, as a con- 

trol, was similarly injected into the left fore- 
arm. 

Great care was taken that the injections were 
really given intradermally and not subcutane- 
ously. Forty to forty-live cases were dealt 
with at a time, and any diluted toxin left over 
was thrown away. Fresh toxin was used for 
each batch. 
The arms were examined after 2, 3 and 10 

days. 
The appearance of a typical positive reaction 

is quite distinct, and no difficulty was found in 
judging the reaction even in those with a very 
dark skin. 

Unfortunately there were some cases in 
which the reaction was doubtful; and it was 
not found possible, for want of sufficient toxin, 
to retest these. 

Table HI. 
Showing the results of the tests in the three schools. 

Name of 
school. 

St. Edmund's 
College. 

Pinemount 
School. 

Loretto Con- 
vent. 

Total 

? 

143 

49 

79 

271 

2 

Number of pseudo- 
reactions 

Positive 

125 

Negative. 

14 

39-9 

42-8 

59-5 

46 -1 

Table IV. 
Showing the number of positive Schick reactions 

and pseudo reactions according to age. 

Age. 

1 to 5 years 

5 to 10 years 

10 to 15 years 

Over 20 years 

Total 

No. test- 
ed 

11 

97 

137 

6 

271 

No. posi- Percentage 
tive. positive. 

6 

50 

125 

54-5 

51-5 

41-6 

66-6 

No. of 
pseudo 

reactions. 

46-1 

0 

3 

5 

2 

12 

Owing to the small numbers tested these per- 
centages are not of much \altie. 
The pseudo-reactions were more common 

among the older children, 15 per cent, giving- a 
pseudo-reaction above the age of 15 as compared 
with 3 per cent, below that age. This is in 
accordance with general experience. 

Effect of Consanguinity on the 
Schick Test. 

Of 4 families of 4 children each :? 
In 2 families 3 were positive and 1 negative. 
In 2 families 2 were positive and 2 negative. 

Of 4 families of 3 children each :? 
In 2 families all 3 were negative. 
In 1 family all 3 were positive. 
In 1 family 2 were positive and 1 negative. 

Of 23 families of 2 children each :? 
In 9 families both were negative. 
In 7 families both were positive. 
In 7 families 1 was positive and 1 negative. 

Zingher(l), after an analysis of 93 groups, 
came to the conclusion that members of the 
same family are likely to give the same positive 
or negative reaction. 

T ox i n-Anti-tox i x\t I m muni sat io n . 

Of 125 children found to be positive, 121 
were inoculated with toxin-anti-toxin, and 3 

owing to want of material, and one owing to 

the refusal of the parents,. were not immu- 
nised. 
Each child received three injections of 1 c.c. 

at weekly intervals. 
After the first injection, 18 of the older 

children above 12 years of age had a severe 

reaction, shown by a rise of temperature to 

between 101? and 103?F and a painful local 
reaction. 

14 others had a moderate reaction, with a 

temperature up to 100?F. The others, which 
included all the younger children, suffered no 
inconvenience. The second and third injec- 
tions caused no local or general reaction, ex- 
cept in those who reacted severely to the first 
injection in whom the subsequent injections 
caused a lesser degree of inconvenience. 
Two months after the last injection, thirteen 

of the children who had shown a typical posi- 
tive Schick reaction were retested, and all gave 
a definitely negative reaction. 

Results. 
In the largest of the three schools, contain- 

ing 144 boys, all were tested with the excep- 
tion of one, and out of 57 who were positive, 
56 were immunised. The 57th boy was not 
immunised owing to the refusal of his parents. 
This boy developed diphtheria, but made a 

satisfactory recovery. 
At a later date, a boy who had given a 

negative Schick reaction developed a mild 
attack of sore throat and virulent diphtheria 
bacilli were isolated from the swab. We con- 
sider that this case may either have been one 
of septic sore throat in a healthy contact car- 
rier or of modified diphtheria in an immune 

subject. This case was very mild, the throat 
clearing up in a day or two after a very small 
dose of anti-toxin. 
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Such cases have been met with in America 
and do quite well without treatment with anti- 
toxin. In this -case virulent diphtheria bacilli 
persisted in his throat after recovery and 
resisted all attempts at sterilisation for some 
months. He was therefore present through- 
out the season as a carrier, despite which only 
one other case of diphtheria occurred, which 
by a curious coincidence, was in the person of 
the one boarder, who by oversight, had not 
been tested by the Schick test. 
No cases of diphtheria occurred in the other 

two schools. 
Thus out of 265 children and 6 adults who 

were running a risk of diphtheria during the 

term, there were three cases :?? 

(1) A case of diphtheria in a Schick posi- 
tive case. 

(2) A case of septic throat with virulent 

diphtheria bacilli present in a Schick negative 
case. 

(3) A case of diphtheria in a non-immunised 
boy whose Schick reaction was unknown. 

Conclusions. 
In so far as is known, this is the first attempt 

to make use of the Schick reaction and toxin- 
anti-toxin immunisation in India, and our ex- 

perience seems to indicate that the toxin for 
the Schick test and the toxin-anti-toxin mix- 
ture can, although not always, retain its 

potency after a journey to India during the hot 
weather months and give similarly useful 
results in India to those reported in Europe 
and America. 
Thanks are due to the Irish Christian 

Brothers who run the School (St. Edmund's) 
in which these measures were initiated, for 
their enlightened confidence and cordial co- 

operation in new?and in India untried?measures 
of prevention and prophylaxis, and also to the 
Head Mistress of Pinemount School and the 
Mother Superior of Loretto Convent School for 
following the lead thus given by St. Edmunds. 
It is satisfactory to record that, as a result of the 
confidence inspired by these measures, on the 

opening of the session, all new pupils are now 
being tested and immunised. 
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