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A PRELIMINARY ASSESSMENT OF BCG
VACCINATION IN INDIA

WHO TUBERCULOSIS RESEARCH OFFICE *

SYNOPSIS

A new assessment activity in relation to the WHO/UNICEF BCG
vaccination programme is described in this report: according to a
detailed plan special field teams collect data on tuberculin sensitivity
to determine how efficiently children are being selected for vaccina-
tion and to appraise the allergy produced by the mass vaccinations.
Results of nine months' work in India have important implications
for the practical BCG work.

Testing of unvaccinated groups of schoolchildren shows that the
pattern of tuberculin sensitivity differs in different parts of India.
Specific tuberculin sensitivity is found in all areas, as evidenced by
strong reactions to the 5 TU test. Many children had a low-grade
non-specific sensitivity, evidenced by small reactions to 5 TU and
large reactions to 100 TU. This non-specific tuberculin sensitivity
was less frequent at high altitudes, and most common in low-lying
humid areas : in all areas it was more prevalent than specific sensi-
tivity.

In some areas non-specific tuberculin sensitivity is so strong that
it cannot be effectively distinguished from specific sensitivity:
consequently, many children not infected with tuberculosis are
undoubtedly being excluded from vaccination.

Sample retesting of children vaccinated in the mass campaign
revealed variable levels of allergy, in many instances much lower than
had been expected. These results cannot be explained by a native
incapacity of the Indian children to develop strong allergy-nor
presumably by the vaccine used. Impairment of the vaccine by
exposure to light could be no more than a contributory factor. The
marked variability of the campaign results suggests that some
factor connected with the handling or application of the vaccine
(or possibly of the tuberculin) is involved.

In 1954, in answer to a long-felt need, WHO and UNICEF assumed
the task of assessing certain aspects of the worldwide BCG vaccination
programmes carried out under their auspices. It would obviously be
desirable to assess these programmes in such a way as to show the extent
to which tuberculosis is being prevented; but this would be a long-range
task-too difficult and too expensive to be feasible, and it may never be
known how much these programmes may have contributed to the present,

* This work was sponsored by the Government of India and supported by UNICEF. The field work
was done by the WHO South East Asia Regional BCG Assessment Team, composed of Ingrid Schoning
Clausen, Minna Madsen, and Solveig Midtgaard, under the leadership of Johannes Meijer. A broad outline
was suggested by Carroll E. Palmer and Johannes Holm, and Lydia B. Edwards and J0rgen Nyboe were
responsible for planning the work, analysing the data, and preparing this report.
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almost universal fall in tuberculosis. The more modest task assumed is the
assessment of the technical procedures in use in the campaigns and the
immediate effects of BCG vaccination, undertaken not so much to docu-
ment what has been accomplished in the past as to guide future work.

The WHO/UNICEF vaccination programmes operate on the premise
that only children not already infected with tuberculosis should be vac-
cinated. One of the most important aspects of an assessment of the pro-
grammes therefore is to determine how efficiently uninfected children are
picked for vaccination and infected children are excluded from vaccination.
A further premise of the programmes is that vaccination to be effective
must induce tuberculin sensitivity in the vaccinated; and the degree of
allergy induced is taken as the guide-however imperfect-to the effective-
ness of BCG vaccination. The tuberculin test thus becomes the principal
tool with which to assess the campaign work.

The assessment work undertaken by WHO and UNICEF involves two
types of activity: one, the collection, according to a carefully designed
plan, of precise observations on pre- and post-vaccination tuberculin
sensitivity; the other the analysis, integration, and interpretation of the
observations according to recognized scientific principles. To collect the
data, specially selected and trained field teams have been assigned, as BCG
assessment teams, to the WHO Regional Offices in South East Asia, the
Eastern Mediterranean, and the Western Pacific. The WHO Tuberculosis
Research Office is responsible for the technical direction of the teams, it
prepares the plans and evaluates the results. Administratively, the assess-
ment teams are under the WHO Regional Offices and their expenses are
paid by UNICEF.

The first regional BCG assessment team began work in India in
January 1954. At that time the Indian mass vaccination programme had
covered more than 20 million persons and was proceeding at a rate of
nearly 1 million pre-vaccination tests and half a million vaccinations per
month. The comprehensive task of assessing this programme is being
done in co-operation with the Indian Council of Medical Research.

The present report gives a preview of the data collected by the team
during its first nine months in India. It shows that the high prevalence of
non-specific tuberculin sensitivity in many areas seriously reduces the
efficiency of the pre-vaccination test in separating infected from uninfected
children, and that post-vaccination tuberculin sensitivity is lower than
was expected and than can be attained by Indian schoolchildren.

Scope and Extent of Assessment Team Work

The assessment team collected information on tuberculin sensitivity in
unvaccinated groups, in groups vaccinated in the mass campaign, and
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material for a number of special investigations as well. A detailed descrip-
tion of the work is given in the appendix table, and where it was carried
out is shown in fig. 1.

FIG. 1. AREAS COVERED BY BCG ASSESSMENT TEAM IN INDIA,
JANUARY-SEPTEMBER 1954
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The purpose of studying naturally acquired tuberculin sensitivity was
not to determine the frequency of positive reactors, but to obtain informa-
tion on the pattern of tuberculin sensitivity in order to determine the effi-
ciency of the tuberculin test in selecting non-infected persons for vaccination.
Groups of unvaccinated schoolchildren were selected for testing in different
parts of the country and at different altitudes :a in the plains, in four

a In a previous study 1 the pattern of tuberculin sensitivity was found to vary with altitude.
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towns in Rajasthan and Ajmer and in two villages in Delhi (at about
500-1,000 feet (150-300 m) above sea level); in the Himalaya hills, in two
villages in Uttar Pradesh (altitude 7,000-7,500 feet (2,130-2,280 m)) and
in the town of Shillong, Assam (altitude 5,900 feet (1,800 m)); in the town
of Gauhati in Assam (altitude 600 feet (180 m)) and in three villages in
Travancore-Cochin (altitude 70 feet (20 m)).

The assessment team devoted a major part of its time to retesting
sample groups of the children vaccinated in the mass campaign. Careful
selection of the groups was required to obtain the widest possible geographic
coverage and, at the same time, a reasonably representative sample of the
different batches of vaccine used during the campaign. Practical considera-
tions, such as availability and completeness of the vaccination files, also
influenced the selection. Altogether 75 groups of children were selected
for retesting in nine of the 25 States covered by the mass campaign. They
had been vaccinated two months to four years earlier with 30 of the 275
regular lots of vaccine used in India up to April 1954. Fig. 2 shows the
lots of vaccine selected in relation to the total number of vaccinations
given in the mass campaign.

The special investigations included comparisons of different doses of
tuberculin and different tuberculin products, revaccination, testing with
histoplasmin, etc. The results of only one of these investigations are in-

FIG. 2. VACCINE LOTS SELECTED FOR RETESTING AND NUMBER OF PERSONS
VACCINATED IN THE MASS CAMPAIGN, BY 3-MONTH PERIODS
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cluded in this report: a comparison of Danish and Indian vaccines. This
investigation was carried out to compare the allergenic potency of the two
vaccines in Indian children and to determine whether Indian children
differed from those in other countries in their response to the same (Danish)
vaccine.

Before the field work began the team leader, with the assistance of the
national health authorities and the WHO Senior Adviser to the Indian BCG
programme, selected places for the work, made arrangements with the
local authorities, and prepared detailed time schedules. Constant and close
contact on technical matters was maintained with the Tuberculosis Research
Office, and as the records were completed they were sent to this office for
processing and analysis.

Techniques and Material b

In general, the techniques of tuberculin-testing employed by the team
were in line with those used in the mass campaign in India. Certain planned
deviations were, however, included to provide additional information and
to obtain unbiased observations.

Unvaccinated children, for example, were included in the groups given
post-vaccination tests so that in reading the reactions, the staff would not
know which children had been vaccinated and which had not. When
different tuberculins or vaccines were being compared, they were given
alternately (or in rotation) within the same schools so that the groups given
each product would be comparable.

The 5 TU intradermal tuberculin test was the one in routine use for both
unvaccinated and vaccinated groups; in general, unvaccinated children who
did not react with at least 8 mm of induration were given a further test with
100 TU. The tuberculin used for the testing was PPD batch RT XIX-XX-
XXI, prepared by the Statens Seruminstitut, Copenhagen; this batch was
used in many of the early international BCG campaigns and is in routine use
for all TRO work. Tests were given on the dorsal surface of the forearm,
0.1 ml of the appropriate dilution being measured as exactly as possible
according to the markings on the barrel of syringes pre-tested for leakage.
The 5 TU tests were read at 3 days and the 100 TU tests at 4 days by
measuring the transverse diameter of the induration. No attempt was made
to classify the reactions into " positive " and " negative ".

Vaccinations done by the assessment team were given with regular lots
of Indian vaccine from the King Institute, Madras, and Danish vaccine
from the Statens Seruminstitut, Copenhagen. Both vaccines are prepared
to contain 0.075 mg moist-weight bacilli per 0.1 ml dose. The vaccines
were kept cold and protected from light until use. The criterion for vacci-
nation was the same as for giving the 100 TU test.

b For more detailed information on testing and vaccination technique, see BCG vaccination, pp. 17-38.4
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Results

Pre-vaccination tuberculin-testing

Results of the tuberculin tests given to more than 5,000 unvaccinated
schoolchildren are shown in fig. 3, the reactions to the .5 TU test on the left,
those to the 100 TU test on the right. c

The distributions by size of reactions to the 5 TU test in the hill areas of
Assam (Shillong) and Uttar Pradesh show two clearly defined groups, one
centring at about 20 mm, the other at 3-4 mm with few reactions in the
intervening zone. In Ajmer and Rajasthan essentially the same pattern is
found, but the right-hand group is shifted a little to the left, centring at
16-18 mm, with the result that the two groups are less clearly separated.
The tuberculin sensitivity of the children in the right-hand group in each of
the four areas is, we believe, the kind of sensitivity that represents infection
with Mycobacterium tuberculosis. In these areas, the 5 TU test separates
with reasonable efficiency the group of presumably infected from the group
having small reactions, presumably uninfected with tuberculosis.

In the lower two sections of fig. 3, showing the results for Travancore-
Cochin and Assam (Gauhati), two separate concentrations of reactions can
no longer be distinguished. If we assume that the same two groups found
in the other areas are also present in these areas, we may suppose that the
left-hand concentration of reactions has moved to the right to centre at
6-7 mm instead of at 3-4 mm, and possibly that the right-hand group has
shifted a little farther to the left: the two groups overlap and merge into
each other.

A better understanding of the 5 TU results is obtained from the results
of the 100 TU test, given to children reacting with less than 8 mm to the
5 TU test and presumably uninfected. In the top four sections of fig. 3 the
distributions of 100 TU reactions show a concentration around 12 mm,
though the proportion of children having such reactions varies, being
lowest in the hills of Uttar Pradesh and Assam, and highest in Rajasthan.
Some of the children in each area, however, have almost no reaction or
very small ones. In contrast, the distributions for Travancore-Cochin and
the lowland of Assam show almost all the children to have large reactions
to the 100 TU test : the reactions centre at 16-18 mm and very few are
smaller than 8 mm. It would thus seem that the left-hand concentration
of reactions in the 5 TU distributions, which appears as a single group of
reactions, may actually represent two groups: one having essentially no
tuberculin sensitivity (as evidenced by failure to react to the 100 TU test),
and one with a low-grade sensitivity brought out as large reactions to 100 TU.
Both these groups are represented, though in different proportions, in the

c Results are not shown for groups tested in Delhi State, where the 1 DO TU test was not given.
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FIG. 3. DISTRIBUTIONS BY SIZE OF REACTIONS TO INTRADERMAL
5 TU AND 100 TU TESTS AMONG UNVACCINATED SCHOOLCHILDREN

IN DIFFERENT PARTS OF INDIA*
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FIG. 4. DISTRIBUTIONS BY SIZE OF REACTIONS TO INTRADERMAL
5 TU AND 100 TU TESTS AMONG UNVACCINATED SCHOOLCHILDREN,

ACCORDING TO AGE, IN THREE AREAS OF INDIA*
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,top four sections of the figure; only the group with low-grade sensitiv'ity
is found in the bottom two sections.

This low-grade tuberculin sensitivity has been found in other parts of
the world, as discussed elsewhere (see page 63). It is related, not to other
evidence of tuberculosis, but to place of residence, and has been designated
as non-specific, meaning that it is not specific for tuberculous infection.

Age changes in the pattern of tuberculin sensitivity are shown in fig. 4
for the groups in the hills of Uttar Pradesh, in the plains in Ajmer and
Rajasthan, and near sea level in Travancore-Cochin.d In all areas, the 5 TU
frequency curves show an increase with age in the proportion of children
highly sensitive to tuberculin and a relative decrease in those with little or

d Tabulations by age are available for only three of the four schools in this area.
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no sensitivity. This is the pattern one would expect, depicting the increase
with age in the percentage of infected children.

There is also an increase with age in the prevalence of low-grade sensi-
tivity among the children in the hills and the plains. This is most clearly
seen in the distribution of reactions to 100 TU in Ajmer and Rajasthan; the
frequency of children presenting small or no reactions diminishes with age
as the number with fairly large reactions increases. It may, however, also
be seen in the pattern of reactions to 5 TU: with the older children, the
left-hand concentration of the 5 TU distribution clearly shifts to the right,
the mode moving from 2-3 mm in the youngest age-group to 4-5 mm in
the oldest.

In Travancore-Cochin there is little change with age in the distribution
of the 100 TU reactions: almost all the children have strong reactions by the
time they are 6 years old.

In summary, the testing of groups of unvaccinated schoolchildren shows
that the pattern of tuberculin sensitivity differs in different parts of India.
In all areas some children have specific sensitivity, as shown by their strong
reactions to the 5 TU test. Many other children have a low-grade non-
specific sensitivity, evidenced by small reactions to the 5 TU test and large
reactions to the 100 TU test. This non-specific tuberculin sensitivity was
found to be least frequent in the groups living at high altitudes and most
common among children living in low, humid areas. The prevalence of both
kinds of sensitivity was found to increase with age, but the non-specific
sensitivity was very much more prevalent than the specific in all school-
age groups; in some areas it was almost universally present even in the
youngest schoolchildren.

Post-vaccination tuberculin-testing

Tuberculin tests were given to a total of 7,634 persons vaccinated up
to four years earlier in the mass campaign. Almost all were children
5-18 years of age, attending schools in various parts of India.

The results of the large FIG. 5. DISTRIBUTION BY SIZE OF
number of post-vaccination REACTIONS TO INTRADERMAL 5 TU TEST
tuberculin tests are shown as AMONG SCHOOLCHILDREN VACCINATED
a single distribution in fig. 5. IN THE MASS CAMPAIGN
The distribution, though skew,
is clearly unimodal in form.
The reactions average 9.3 mm, NUMBER: 7.634
but are spread over a wide 2
range: a few children have
no reaction at all and some
have reactions of more than o aL2
20 mm. INDURATION (mm)
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FIG. 6. DISTRIBUTIONS BY SIZE OF
REACTIONS TO INTRADERMAL 5 TU TEST
AMONG SAMPLE GROUPS OF SCHOOL-
CHILDREN VACCINATED IN THE MASS
CAMPAIGN AND AMONG UNVACCINATED
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The wide spread of reactions is due to the fact that the distribution is a
composite one, representing the combined results for many different
groups with very different levels of allergy. Fig. 6 gives distributions for
samples of the individual groups and, for comparison, a distribution for
unvaccinated pupils-newcomers to the schools where the retesting was
done (at the bottom of the figure). The allergy of the vaccinated groups is
seen to vary widely in degree: the group at the top, for example, has
allergy almost as weak as that found in the unvaccinated children qualifying
for vaccination, while in the group with the strongest allergy the reactions
are almost as large as those among the naturally infected.

FIG. 7. MEAN SIZE OF REACTIONS TO INTRADERMAL 5 TU TEST
FOR SCHOOLCHILDREN VACCINATED IN THE MASS CAMPAIGN,

ACCORDING TO LOT OF VACCINE
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Fig. 7 shows the mean size of the post-vaccination reactions according
to individual lots of vaccine. The most recent lots show the strongest
allergy, from 10 mm to 15 mm in average size: for most of the remaining
ones the mean size of reactions ranges from 7 mm to 11 mm; the earliest
lots, however, have a slightly higher average than the intermediate ones.

Further information on the variability of post-vaccination allergy may
be obtained from table I, which gives an analysis of the retest results by
groups of schools and individual schools.e The variability found among
different batches of vaccine is also found among different groups of children
vaccinated with the same batch, even in the same area. Lot 400, for example,

e Analyses by individual schools are not available for all areas.
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TABLE I. RESULTS OF TESTING CHILDREN VACCINATED
IN THE MASS CAMPAIGN BY INDIVIDUAL SCHOOLS

AND GROUPS OF SCHOOLS

State

Uttar Pradesh
West Bengal
West Bengal
West Bengal
Uttar Pradesh
Mysore
Punjab
Travancore-Cochi n

Travancore-Cochin
Mysore
Punjab
West Bengal
Delhi
Ajmer
West Bengal
Travancore-Cochin
Ajmer
Mysore

Travancore-Cochin
Travancore-Cochin
Mysore
Punjab
West Bengal
West Bengal
Punjab
Travancore-Cochin
Uttar Pradesh
Uttar Pradesh
Uttar Pradesh
Travancore-Cochi n

PEPSU *

Punjab
Delhi
Hyderabad
Punjab
PEPSU
Hyderabad

Post-
vacci na-

tion
interval
(months)

47
49
49
47
36
36
31
23
23
23
19
22
17
17
22
20
14
20

17
17
17
12
13
12
8

11
5
6
5
6
4
4
2
6
3
3
5

Number retested in

all individual
schools schools

202
244
289
219
210
192
291
172
88
139
238
118
287
275
158
197
305
271

111

147
136
385
178
174
364
233
180
127
99

241
243
104
306
253
142
183
133

244
289
219

95; 58; 20; 19
291
172
88
75; 44; 20

80; 38
*163; 124

94; 64
197

88; 81; 38;
34; 30
111

147
64; 42; 30
385
178
174

233
180

241
169; 74
104
162; 144
166; 48; 39
117; 25
101; 82
94; 21; 18

Mean size of 5 TU reactions
(mm induration

all individual
schools schools

8.7
10.3
9.5

11.1

9.9
7.6
7.4
8.0
6.3
9.8
7.6

10.3
7.0
7.6

11.5
7.3
7.3
8.7

7.5
10.8
9.5
8.0
7.3
9.8
9.3
8.8
7.9

10.2
9.3

12.0
10.2
15.0
13.6
10.8
9.7

11.4
10.4

10.3
9.5
11.1

6.6; 9.1; 5.5; 10.2
7.4
8.0
6.3
9.3; 9.9; 11.4

11.5; 7.8
6.2; 8.2

10.9; 12.3
7.3

9.9; 8.4; 7.8;
7.7; 8.0
7.5
10.8
9.6; 7.5; 12.3
8.0
7.3
9.8

8.8
7.9

12.0
9.8; 11.1
15.0
12.4; 14.9
11.0; 10.2; 10.3
8.6; 14.6
8.9; 14.4
11.5; 7.5; 7.8

_ _ __

* PEPSU Patiala and East Punjab States Union

112

Vaccine
lot

(Indian)

196
198
200
209
251
269
269
319
320
322
322
322
325
326
326
333
336
336

347
349
350
350
360
366
367
374
380
382
383
395
397
398
399
400
401
400
405
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was used in two schools in
Punjab with widely divergent
results : an average post-vac-
cination tuberculin reaction
of 8.6 mm in one school
compared with 14.6 mm in
the other. Yet in Hyderabad,
this same lot (400) gave uni-
form results in the three schools
where it was used (11.0 mm,
10.2 mm, and 10.3 mm).

Judging from the small
but widely drawn sample
presented here, the allergy
produced by the mass vaccina-
tion campaign in India appears
to be not only variable but,
on the average, very much
weaker than the allergy result-
ing from natural infection;
indeed, for many groups it is
well below the level considered
desirable.
A possible explanation of

these results is that Indian
children, for some unknown
reason, cannot develop strong
allergy after BCG vaccina-
tion. However, this is belied
by some of the most resent
mass vaccination results, by
a previous TRO vaccination
study in India,3 and by the
work of the assessment team.
Fig. 8 shows the results of
vaccination by TRO-trained
personnel in four other coun-
tries and, in the lower section,

FIG. 8. DISTRIBUTIONS BY SIZE OF
REACTIONS TO INTRADERMAL 5 TU TEST
AMONG SCHOOLCHILDREN VACCINATED
WITH DANISH BCG IN DIFFERENT PARTS

OF THE WORLD

IC

3C

Ic

cCw
4
I- I

2C

IC

3c

IC

C

DENMARK

NJMBER 518
1MEAN: 15.6

DA

NUMBER. III
MEAN. 1S-0

0.* am

TURKEY

SUDAN

NUMBER 198
MEAN 12.6

PHILIPPINES

NUMBER 183
MEAN 12.5

INDIA

NUMBER 380
MEAN. 13.6

0 4
INDURATION (mml

Da_ o0 ...

24 ZO 32

of vaccination by the assessment team in India. All the children received
vaccine prepared by the Statens Seruminstitut, Copenhagen, and were
retested 2-4 months after vaccination. In all five countries the allergic
response to vaccination is very similar: a unimodal, fairly symmetrical
distribution of reactions located at approximately the same place on the
size scale and with most of the reactions grouped rather compactly around
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the mean. The average reaction size is highest in Denmark and Turkey, a
little lower-2-3 mm-in the Sudan, the Philippines, and India. Considering
that the vaccination and retesting were done by different personnel at
different times, the differences between the results for schoolchildren in
the five countries are too small to be taken as proof of real differences in
their ability to develop allergy. However, it is interesting that the strongest
post-vaccination allergy is found in Turkey and Denmark, where there is
little or no non-specific tuberculin sensitivity, and the lower degrees are
obtained in countries where non-specific sensitivity is highly prevalent.
Without asserting that Indian children can develop the same high degree
of post-vaccination allergy as children in some other countries, one can
certainly conclude that a strong allergy may be produced in Indian children
-a native incapacity to develop allergy can be discounted as the sole or
even the major cause of the low results in the mass campaign in India.
A second obvious possibility relates to the vaccine used in the campaign,

and fig. 9 shows the results of comparing six currents lots of Indian vaccine
with two of the Danish. Although the results vary for the groups receiving
different lots of vaccine, the variability is much less than was found for the
mass campaign: the mean sizes of the post-vaccination tuberculin reactions
varied from 10.4 mm to 13.1 mm for the children given the Indian vaccine,
and were 13.0 mm and 14.8 mm for the two lots of the Danish. While the
Indian lots were consistently weaker than the Danish they were compared
with, the difference was not great. Unless these recent batches of Indian
vaccine were considerably stronger than the ones used earlier in the cam-
paign, the vaccine alone would not account for the mass campaign findings.

Earlier work of TRO 2,5 suggested that damage of the vaccine by light
was an important factor contributing to the poor results obtained in some
of the earlier mass campaigns, and the data collected by the assessment
team have been reviewed with this in mind. While in many groups it is not
possible to rule out this factor, in other groups it seems highly improbable
that exposure of the vaccine to light could have played an important part,
at least during vaccination, as the work was done indoors. Moreover,
no improvement in the mass campaign results is seen coincident with the
introduction of measures to protect the vaccine from light during the summer
of 1952.

Finally, a waning of allergy might be considered to explain the results.
Studies on Danish children have shown no waning up to five years after
vaccination (see page 123), but there is not sufficient material available for
drawing conclusions regarding the duration of allergy in tropical countries,
particularly in areas where non-specific tuberculin sensitivity is prevalent.
Fig. 7 shows, however, that, although the recently used lots gave the highest
allergy, there was no continuous downward trend with time after
vaccination.

In summary, sample retesting of children vaccinated in the mass cam-
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FIG. 9. DISTRIBUTIONS BY SIZE OF REACTIONS TO INTRADERMAL 5 TU TEST
AMONG VACCINATED SCHOOLCHILDREN FOR DIFFERENT LOTS

OF INDIAN AND DANISH BCG
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paign in India reveals variable and often low levels of post-vaccination
allergy. No single factor seems to account for these results; they cannot be
explained by a racial incapacity of Indian children to develop strong
allergy nor, presumably, by an intrinsic defect in the vaccine used.
Impairment of the vaccine by exposure to light during vaccination couid
be no more than a contributory factor.
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Practical Significance of the Findings

The work of the assessment team has shown that non-specific tuberculin
sensitivity is widespread in India. In some areas it so distorts the pattern
of reactions to a small dose of tuberculin that the infected portion of the
population cannot be efficiently separated from the uninfected. The extent
to which non-specific sensitivity reduces the efficiency of the tuberculin
test varies with its degree and prevalence, as may be illustrated by intro-
ducing results from two other countries. Fig. 10 gives results of testing un-
vaccinated schoolchildren in Mexico and Turkey, together with the results

FIG. 10. DISTRIBUTIONS BY SIZE OF REACTIONS TO INTRADERMAL
5 TU AND 100 TU TESTS AMONG UNVACCINATED SCHOOLCHILDREN IN AREAS
WITH DIFFERENT DEGREES AND PREVALENCE OF NON-SPECIFIC TUBERCULIN
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for Ajmer and Travancore-Cochin.f In Mexico, where there is little or no
non-specific sensitivity (as evidenced by the absence of large 100 TU reac-
tions), children either react strongly to the 5 TU test or have essentially no
reaction at all. The infected and uninfected groups are widely separated by
a broad intervening zone with very few reactions. Regardless of where the
distribution is divided in this broad interval the two groups would be
effectively separated; even considerable variations in the technique of
tuberculin-testing would have little effect on the results. In Turkey, where
non-specific sensitivity is somewhat more prevalent, the two groups are
still clearly separated but the intervening zone is narrower. In Ajmer,
where the prevalence of non-specific sensitivity is higher, the left-hand
group is clearly shifted to the right, and the interval between the two groups
is very narrow. Minor variations in the way the tests are given or read such
as are unavoidable in practical work will, for an appreciable number of
persons, affect their classification as positive or negative. In Travancore-
Cochin, an area with a very high prevalence of non-specific sensitivity,
the two groups overlap to such an extent that they cannot be effectively
separated regardless of where the borderline between " positive" and
" negative " is drawn.

It is to be expected, therefore, that wherever non-specific tuberculin
sensitivity is widespread many persons who are not infected with tubercu-
losis are now erroneously being called "positive" and excluded from
vaccination. Fig. 1lA shows the distributions of pre-vaccination 5 TU
reactions (shown earlier in fig. 3) for the hills of Uttar Pradesh, an area
with moderate prevalence of non-specific sensitivity, and for Travancore-
Cochin where the prevalence is high. The reactions believed to represent
tuberculous infection are shown in heavy shading, the remainder in lighter
shading. The arrow indicates the limit used in the mass campaign for
separating the " positives ", excluded from vaccination, from the
" negatives ", qualifying for vaccination. In Uttar Pradesh, the spill-over
of the left-hand concentration of reactions beyond the 5 mm limit is small;
in Travancore-Cochin, however, the left-hand group centres at about
6 mm; and the group called " positive " appears to include, in addition to
the infected, about half the children belonging to the uninfected group.
This hypothetical difference in the composition of the groups called
" positive " in different parts of India is found to be reflected in the practical
work. Fig. llB shows distributions for children excluded from vaccination
as " positive " in the mass campaign, and retested by the assessment team.
In the hills of West Bengal, where the prevalence of non-specific tuberculin
sensitivity is similar to that shown for Uttar Pradesh, most of the children
called " positive " in the campaign were found to have strong reactions

f In Turkey and Mexico the criterion for giving 100 TU was a reaction of less than S mm to 5 TU.
For uniformity, therefore, the 100 TU distributions for Ajmer and Travancore-Cochin include only children
fulfilling this criterion.
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FIG. 11. DISTRIBUTIONS BY SIZE OF REACTIONS TO INTRADERMAL
5 TU TEST AMONG SCHOOLCHILDREN IN INDIA
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A = Distributions among unvaccinated schoolchildren in Uttar Pradesh and Travancore-Cochin'
with hypothetical division into those with tuberculous infection (heavy shading) and those without
(light shading)

B = Distributions among schoolchildren previously classified as " positive " in the mass cam-
paign in West Bengal and Travancore-Cochin

to 5 TU when retested, and would again be regarded as presumably infected.
In contrast, many of the children called " positive " in Travancore-Cochin
had small reactions when retested, indicating that they had only non-
specific tuberculin sensitivity. There can be little question, we believe,
that a varying proportion of children who have not been infected with
tuberculosis are being excluded from vaccination in different parts of
India: in the hills of West Bengal and Uttar Pradesh, for example, the
proportion is probably small, while in areas with much non-specific sensitiv-
ity, such as Travancore-Cochin, it may be as high as 500% or even more.

The problem can be only partially solved by raising the limit for what
is to be called a " positive " reaction to the 5 TU test. While a higher limit,
in some areas, would result in a better vaccination coverage of the uninfected
groups, it would probably result also in the vaccination of an increased
number of the infected. Until better techniques are developed to
meet the problem of distinguishing non-specific from specific tuberculin
sensitivity, the decision as to what criterion to use must be based on the
relative importance of vaccinating more of the uninfected on the one hand
and avoiding the vaccination of the tuberculous infected on the other.

One other aspect of the problem must be considered: many of the
children now being vaccinated, indeed in some areas all of them, already
have a low-grade sensitivity to tuberculin. The question arises : Should
they be vaccinated ? One can only speculate on the answer to this problem,
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but the evidence at hand suggests that they probably should. Although
these children have allergy, it is a weak allergy, much weaker than what may
be produced by BCG. And that a high level of BCG-induced allergy may
be desirable is suggested by recent work on animals showing that the
vaccines producing the highest levels of allergy also confer the greatest
degrees of protection against tuberculosis (see page 31). Since the children
with non-specific sensitivity may be vaccinated without undue complica-
tions, it would seem reasonable to regard them as being like the non-
sensitive children for purposes of BCG vaccination.

Following the same line of reasoning, it would seem indicated in future
mass vaccination work to try to obtain stronger allergy than that found
in many groups vaccinated in the Indian campaign. The results of the
assessment work show that the low allergic response to the campaign
vaccinations cannot be explained by a native incapacity of the Indian
children to develop strong allergy, and make it unlikely that it can be
attributed wholly to the vaccine used or to impairment of the vaccine by
exposure to light, though such factors may have contributed to a lowering
of the allergic response. Studies are now under way to obtain more informa-
tion on the stability of allergy after vaccination in areas where non-specific
sensitivity abounds. But the most important clue is the variability demon-
strated in the mass campaign results. This suggests that something happens
to the vaccine (or possibly to the tuberculin) in some places and not in
others: something in the way it is handled or given. It would seem im-
portant to scrutinize with the greatest care what happens to the vaccine from
the time it is prepared until it is given to the children, and to scrutinize with
equal care the technique of its application.

119



120 WHO TUBERCULOSIS RESEARCH OFFICE

APPENDIX TABLE. CHARACTER AND EXTENT OF WORK CARRIED OUT
BY THE REGIONAL BCG ASSESSMENT TEAM IN INDIA,

JANUARY-SEPTEMBER 1954

A. PRE-VACCINATION TUBERCULIN-TESTING

Number Date of Number tested withl Number
State Locality a of testing vacci-

schools (1954) 5 TU 100 TU nated

Ajmer Kekri 3 18 Jan. 576 283 337
Bijainagar 3 20 Jan. 603 - 378

Rajasthan Alwar 2 25 Jan. 608 350 340
Bharatpur 3 1 Feb. 608 - 324
Bharatpur 4 2 Feb. 413 271 261

Uttar Pradesh Ramgarh (Nainital) 4 8 March 218 147 159
Mukteshwar 2 9 March 254 129 114

(Nainital)
Delhi Bankner (Narela) 3 19 April 219 - 171

Bhaktawarpur(Narela) 2 20 April 258 - 189
Assam Gauhati 3 18 May 370 128 -

Shillong 3 24 May 465 193 b -

Travancore-Cochin Chengannor 1 28 June 675 413 430
Sakthikulangara 3 23 Aug. 893 245 390
Neendakare (Quilon) (General 30 Aug. 1,116 408 503

o~~opulation)

Tota 7,276 2,567 3,596

a For communities with less than 3,000 inhabitants, the district is given in parentheses.
b In one school, the 100 TU test was not given.

B. POST-VACCINATION TUBERCULIN-TESTING
(a) Groups Vaccinated by BCG Assessment Team or TRO Team

Date of Number tested
Number Date of Vaccine retest- with 5 TU

State Locality of vacci. lot a in | vacci-gunvaschools nain(1954) naedcnvated

Ajmer Kekri 3 Jan. 1954 397 29 March 232 43
398

D 1081
Bijainagar 3 Jan. 1954 1 398 27 March 288 49

399
D 1081

Rajasthan Alwar 2 Jan. 1954 399 12 April 230 40
1 400
D 1081

Bharatpur 3 Feb. 1954 D 400 10 April 234 39
1 401
D 1085

Bharatpur 4 Feb. 1954 401 14 April 211 39
402

D 1085
Madhya Pradesh Jabalpur 3 March 1953b D 1038 22 March 149 152

Jabalpur 8 March 1953b D 1039 22 March 473 498

Total 1,817

a I = Indian vaccine; D = Danish vaccine
b Vaccinated by TRO team.3

856



PRELIMINARY ASSESSMENT OF BCG VACCINATION IN INDIA 121

B. POST-VACCINATION TUBERCULIN-TESTING
(b) Groups Vaccinated by Mass Campaign Teams

1 1 [~~~Number testedNumber Date of Vaccine Date of with sTUState Locality a of vacci- lot retesting
g rou ps nation (Indian) (1954) vacci- unvac-

I__ I I__ I__ I__ nated Icinated
Delhi Narela (Narela) 2 Aug. 1952 325 5 Jan. 287 234

Mehrauli 2 Feb. 1954 399 7 April 306 121
Ajmer Ajmer 3 b Aug. 1952 326 12 Jan. 275 180

Nasirabad 2 b Nov. 1952 336 13 Jan. 305 136
Punjab Abdullapur 1 July 1951 269 9 Feb. 291 61

Kartarpur 2 July 1952 322 10 Feb. 238 52
Muktsar 1 Feb. 1953 350 16 Feb. 385 36
Ferozepur 2 June 1953 367 15 Feb. 364 79
Sathiala 1 Jan. 1954 398 27 April 104 27
Patto Hira Sing 2 Jan. 1954 400 20 April 142 31

Uttar Kanpur 3 March 1950 196 24 Feb. 202 75
Pradesh Kanpur 3 March 1951 251 23 Feb. 210 67

Bairi (Kanpur) 1 Sep. 1953 380 22 Feb. 180 46
Almora 3 Sep. 1953 382 1 March 127 27
Kausani 3 Oct. 1953 383 2 March 99 45

PEPSU c Bhagta (Barnala) 2 Dec. 1953 397 26 April 243 65
Bakhat Gash (Barnala) 2 Jan. 1954 401 21 April 183 36

West Bengal Mechpara Tea Estate 1 March 1950 198 3 May 244 47
(Kalchini)

Kalchini Tea Estate 1 April 1950 200 10 May 289 42
(Kalchini)

Chuapara Tea Estate 1 June 1950 209 3 May 219 38
(Kalchini)

Sukhia Pokhri 1 July 1952 322 31 May 80 36
(Darjeeling)

Pokhria Bong 1 July 1952 322 1 June 38 24
(Darjeeling)

Darjeeling 1 Aug. 1952 326 1 June 64 38
Darjeeling 1 Aug. 1952 326 2 June 94 77
Bhatkawa Tea Estate 1 April 1953 360 10 May 178 120

(Kalchini)
Raimatang Tea Estate 1 May 1953 366 10 May 174 34

(Kalchini)
Travancore- Chiftur 1 July 1952 319 16 June 172 51
Cochin Chittur 1 July 1952 320 15 June 88 20

Irinjalakuda 1 Oct. 1952 333 15 June 197 39
Karukutty 1 Jan. 1953 347 21 June 111 34
Keezhillam 1 Jan. 1953 349 21 June 147 31
(Kottayam)

Shertallai 1 July 1953 374 22 June 233 55
Edakoli (Kottayam) 1 Dec. 1953 395 23 June 241 33

Mysore Bangalore 5 July 1951 269 13 July 192 33
Mysore 5 July 1952 322 6 July 139 34
Davangere 5 Oct. 1952 336 12 July 271 48
Najangud 3 Feb. 1953 350 5 July 136 42

Hyderabad Faruqnagar 3 Jan. 1954 400 19 July 253 64
Pargi 3 Feb. 1954 405 21 July 133 33

Total 7,634 2,291

a For communities with less than 3,000 inhabitants, the district Is given in parentheses.
b In these schools revaccinations were performed and children retested In March 1954 by the

BCG Assessment Team.
c PEPSU = Patlala and East Punjab States Union
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RItSUM1t

Le present rapport decrit une nouvelle etude des resultats du programme OMS/FISE
de vaccinations par le BCG: des equipes speciales recueillent sur place, selon un plan
soigneusement pr6pare, des donnees relatives a la sensibilit6 tuberculinique pour deter-
miner dans queUe mesure la selection des enfants destin6s a etre vaccines peut etre consi-
deree comme satisfaisante et pour evaluer l'allergie produite par les vaccinations de
masse. Les constatations faites au cours de neuf mois de travail dans l'Inde ont, du point
de vue pratique, une portee considerable en ce qui concerne la vaccination par le BCG.

Les epreuves effectuees sur des groupes d'ecoliers non vaccines ont montr6 que le type
de la sensibilite tuberculinique varie selon les regions de l'Inde. On a observ6, dans toutes
les regions, l'existence d'une sensibilit6 specifique a la tuberculine, qui est attestee par des
r6actions de grand diametre aux epreuves avec 5 UT. En outre, de nombreux enfants
pr6sentent une faible sensibilite non specifique, qui ressort du fait qu'ils reagissent peu
a 5 UT et fortement 'a 100 UT. Cette sensibilite tuberculinique non specifique s'est revel6e
moins repandue aux hautes altitudes et se rencontre le plus souvent dans les zones basses
et humides. Dans toutes les regions, elle l'emporte, en frequence, sur la sensibilite speci-
fique.

Dans certaines regions, l'existence d'une sensibilit6 non specifique 'a la tuberculine
a pour consequence de fausser i tel point le tableau des reactions 'a la dose faible, habituel-
lement utilisee dans l'epreuve prevaccinale, qu'il a ete impossible de se fonder avec une
suffisante certitude sur le diametre de la reaction pour distinguer les enfants infectes de
ceux qui ne le sont pas. I1 n'est guere douteux que, dans les regions en question, un grand
nombre d'enfants qui n'ont pas ete infectes par le bacille tuberculeux, mais qui ont acquis
une sensibilite non specifique, sont ranges parmi les cas < positifs > et ne sont pas soumis
i la vaccination.

De nouvelles epreuves par sondage, effectuees sur des enfants qui avaient ete vaccines
au cours de la campagne de masse, ont montre que le degre de l'allergie post-vaccinale
variait chez eux et que, souvent, il etait notablement inferieur aux pr6visions. Il a ete
impossible de deceler une cause unique qui puisse expliquer ces resultats; ceux-ci ne
peuvent pas provenir d'une inaptitude naturelle des enfants indiens a acquerir une forte
allergie, et, vraisemblablement, ils ne sauraient davantage etre attribues au vaccin utilise.
Une perte d'activite de ce vaccin, par suite de son exposition a la lumiere, aurait pu jouer
tout au plus un role secondaire. Les variations tres accusees que r6v6lent les resultats de
la campagne incitent i croire que la cause doit en etre recherchee dans quelque facteur
inherent a la manipulation du vaccin ou a la technique de vaccination.
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