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ASSESSMENT OF BCG VACCINATION IN INDIA

Second Report

WHO TUBERCULOSIS RESEARCH OFFICE *

SYNOPSIS

A second assessment of the mass BCG-vaccination campaign in
India is described in this report. Data were collected to corroborate
the findings of the first assessment and to study certain aspects of the
problems they posed.

Sample retesting of children vaccinated in the mass campaign
reveals a higher and less variable allergy than that reported from
the preliminary assessment work. The results indicate that a uniform
and reasonably high level of allergy has been induced in Indian
schoolchildren vaccinated in the campaign period assessed and that
deficiencies in the tuberculin test by which the allergy was measured
rather than defects of vaccine or vaccination technique were re-
sponsible for the disappointing variability initially reported.

Testing of unvaccinated village populations in Madras and
Mysore confirms previous observations that low-grade, non-specific
tuberculin sensitivity is widely prevalent in South India, making it
virtually impossible to separate the infected from the uninfected with
the tuberculin tests in use today. The development of new techniques
for use in areas where the low-grade, non-specific sensitivity is wide-
spread is discussed.

In January 1954 the first of the WHO/UNICEF regional BCG assess-
ment teams went to India to collect data for the assessment of the mass
BCG-vaccination programme in progress there. The team spent nine
months in India, and a report was subsequently issued describing its
findings.6 Two points of considerable practical importance emerged: the
level of post-vaccination allergy was found to be variable and sometimes
very low, and non-specific tuberculin sensitivity was widespread and
differed in intensity by geographic area-in some areas it seriously reduced
the efficiency of the pre-vaccination tuberculin test in separating tuberculosis-
infected from uninfected children.

The team was assigned to India for a second visit from February to
June 1955 to corroborate the findings of the initial assessment work and

* 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 Sch0ning Clausen
and Solveig Midtgaard, under the leadership of Johannes Meijer. Lydia B. Edwards and J0rgen Nyboe
were responsible for planning the work, and Jon Thillemann, Stig Andersen and Joyce Kizer prepared this
report.
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to study certain aspects of the problems they posed. The second assessment
-as the first-was done in co-operation with the Indian Council of Medical
Research and under the technical direction of the WHO Tuberculosis
Research Office (TRO).

Scope and Extent of Work

The assessment team collected data on tuberculin sensitivity in vaccinated
and unvaccinated groups and conducted a number of special investigations.
Details of the character and extent of the work are given in the appendix
table (see page 221), and the places where it was carried out are shown
in Fig. 1.

Twenty-four groups of vaccinated schoolchildren who had been
tuberculin-tested by the team in 1954 were retested again in 1955; 15 of
these groups had been vaccinated by the team and 9 in the mass campaign.
These 24 groups were selected to represent some of the lowest and highest
levels of allergy found at the initial post-vaccination testing and, also,
as many different vaccine lots as practicable. In addition, the team tested
16 groups of schoolchildren and general population who had been vacci-
nated within the past ten months and who had not yet been tested for post-
vaccination tuberculin allergy.

In an attempt to throw some light on the factors responsible for the
variable and sometimes unsatisfactory results of the mass campaign
vaccinations, a series of small-scale vaccine studies was carried out.
These studies, dealing with certain aspects of the vaccination technique
and the potency of the Madras (mass campaign) vaccine, were done in
28 schools in Dholpur and Kotah, Rajasthan.

To obtain further information on the problem and prevalence of
non-specific tuberculin sensitivity, the pattern of naturally acquired tuber-
culin sensitivity was investigated in seven unvaccinated village populations
in Mysore and Madras, adjacent states to Travancore-Cochin, where
the highest and most disturbing prevalence of non-specific sensitivity
had previously been found. Village populations rather than schoolchildren
were selected for these investigations in order to make it possible to assess
the prevalence of specific and non-specific tuberculin sensitivity at different
ages. In one village different doses of tuberculin and a different tuberculin
product were used for the testing, to see whether by such modifications
a more efficient test could be developed.

The selection of groups for the 1955 programme was made by the
team leader, TRO staff in India and the director of the Indian BCG
campaign. Close contact on technical matters was maintained with TRO,
and the completed records were sent to this office for processing and
analysis.
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FIG. 1. LOCALITIES VISITED BY WHO/UNICEF BCG ASSESSMENT TEAM IN INDIA,
FEBRUARY-JUNE 1955

Techniques and Material

The techniques of tuberculin-testing and vaccination were, with one
exception, identical to those used during the first visit. The intradermal
5 TU tuberculin test was used in all groups; a second test with 100 TU
was given in one village to persons with small reactions (9 mm or less
of induration) to the 5 TU test. Tests were given on the dorsal surface
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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 tests were read after 3-4 days, the transverse
diameter of the induration being measured. No attempt was made to
classify the reactions as " positive " or " negative ". The tuberculin used
for testing was PPD batch RT XIX-XX-XXI, prepared at the Statens
Seruminstitut, Copenhagen.

One important modification was introduced into the tuberculin-testing
technique. Investigations made by TRO had shown that the potency of
a tuberculin dilution may vary markedly from bottle to bottle and tends
to be lower in a partially filled than in a completely filled bottle.2 4
Accordingly, the team was instructed to use four bottles of tuberculin
in rotation on each testing day and to use only two-thirds of the contents
of each bottle.

In the vaccinations done by the team, regular lots of BCG vaccine
from the King Institute of Preventive Medicine, Madras, and the Statens
Seruminstitut, Copenhagen, were used. Both vaccines were prepared to
contain 0.075 mg (moist weight) of bacilli per 0.1-ml dose. The vaccines
were kept cold and protected from light until use. The criterion for
vaccination was a reaction of 9 mm or less to the 5 TU test.

Special measures were taken to ensure unbiased observations and
statistically valid comparisons. Unvaccinated children, for example, were
included in the post-vaccination testing programme, and the observer
reading the reactions was not allowed to know which children had been
vaccinated and which had not. In the studies where different products
or techniques were compared they were applied alternately (or in rotation)
within the same schools, so that the groups given each product would be
comparable.

Results

Post-vaccination tuberculin sensitiv,ity

Results of retesting groups of schoolchildren who had already been
tested for post-vaccination allergy one year previously are shown in Table I.
The level of allergy observed in each group of children is characterized
by the mean size of the reactions. Data are given separately for children
vaccinated in the mass campaign and by the assessment team and separately
for children tested twice and children tested only once.0

The level of allergy observed in 1955 is higher than that found in 1954;
the mean size of reactions among all persons tested in 1955 is 13.1 mm,
whereas in 1954 it was 11.3 mm. Further analysis of the data in Table I,
however, reveals that the highest allergy attained in 1955 is observed

a In this programme there were inevitably some children absent from school during one of the team's
visits, so there are two groups of children who were tested only once, either in 1954 or in 1955.
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in persons who had been tuberculin-tested the previous year. The mean
reaction size among children who were tested for the second time in 1955
is 13.4 mm, as compared with only 11.4 mm among children tested for the
first time in 1955. This difference in reaction size between the children
who had had a previous test and those who had not is consistent in all
groups where the number of observations is sufficient and indicates, in
conformity with other findings, that repeated tuberculin-testing may itself
preserve or even increase the allergy induced by BCG vaccination.3' a

The effect of repeated tuberculin-testing cannot, however, entirely
explain the discrepancy between the results observed in 1954 and in 1955,
particularly among the mass-campaign vaccinated children. The results
obtained in 1955 are characterized by much less variation, as illustrated
in Fig. 2, which shows distributions by size of reactions observed both
years among children vaccinated in the mass campaign and children
vaccinated by the assessment team. In the campaign-vaccinated groups
the reactions recorded in 1954 are spread over a wide range on the size
scale, while the reactions observed in 1955-among the same children
and among children tested for the first time alike-show much less variation
and are distributed more compactly around a central mean. This difference
is detailed in Table I: the mean reaction sizes among all children tested
in the school groups range, in 1954, from 6.1 mm to 14.9 mm; while the
range in 1955 is only half as broad, from 10.8 mm to 14.8 mm. In the groups
vaccinated by the assessment team, a rather uniform allergy was recorded
in 1954 and this uniformity was maintained in 1955.

Even groups vaccinated with the same lot of vaccine showed widely
different results in 1954. In two school groups in the Punjab, for example,
both vaccinated in the mass campaign with Madras vaccine lot 400, the
mean reaction sizes were 8.8 mm and 14.5 mm, respectively. Lot 401 gave
equally divergent results in two groups in Patiala and East Punjab States
Union (PEPSU): 9.0 mm and 14.4 mm. Yet the mean reaction sizes among
the children retested one year later were 13.5 mm and 14.8 mm for lot 400,
and 12.7 mm and 14.1 mm for lot 401.

The technique of post-vaccination tuberculin-testing was the same
both years except for the modification introduced to reduce the effect
of variations in the potency of the tuberculin, and indeed the 1955 results
suggest that instability of the tuberculin and not a defect in the vaccine
or vaccination technique was responsible for the lowest results recorded
during the 1954 assessment. The excessive variation in the 1954 results
might well be explained by variation in the potency of the tuberculin
used to assess the allergy induced, all the more so as significantly less
variable results were obtained when deliberate precautions were taken
to reduce the effect of variations in the tuberculin.

a See article by Magnus on page 249 of this number of the Bulletin.
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TABLE I. MEAN SIZES OF REACTIONS TO INTRADERMAL
RETESTED IN 1954 AND 1955,

Retest

tested and read
1954 and 1955

number (mm)

results in 1954 among children

not tested tested but not read
1955 1955

number (mem) number (mem)n

Delhi Narela

Narela

M 325

M 325

70

99

8.3

6.0

49

55

7.9

5.9

Vaccinated in the

4 9.8

8 9.2

Punjab Patto Hira Sing M 400 77 8.7 34 9.4 11 7.7

Patto Hira Sing M 400 18 15.0 8 13.2 - -

Sathiala M 398 68 15.0 28 14.5 6 15.5

PEPSU Bakhat Gash M 401 69 9.1 28 9.5 4 5.5

Chanan Wala M 401 50 14.6 28 14.4 4 12.8

Bhagta M 397 118 10.1 38 9.1 12 8.1

'Kotha Guru M 397 51 11.2 20 11.4 3 8.3

Sub-total ............. . 620 10.1 288 9.7 52 9.3

Vaccinated by the

Ajmer C 1081 45 12.2 27 12.6 2 9.5

Kekri M 397 49 10.6 24 10.1 5 9.6

M 398 41 10.8 38 11.3 1 12.0

C 1081 40 13.2 39 11.6 13 13.3

Bijainagar M 398 46 11.5 47 11.5 7 9.7

M 399 52 10.7 39 10.5 5 9.4

Rajasthan C 1081 46 14.1 30 14.6 1 16.0

Alwar M 399 44 12.1 33 12.2 2 11.5

M 400 41 13.3 32 13.0 1 13.0

C 1085 43 15.1 28 14.1 3 15.7

Bharatpur M 400 42 12.3 34 14.0 7 12.7

M 401 43 12.0 33 12.0 1 13.0

C 1085 27 14.2 30 15.4 6 14.3

Bharatpur M 401 33 11.5 29 12.9 12 12.2

M 402 37 12.1 32 12.6 5 11.6

Sub-total ............... 629 12.3 495 12.5 71 J 12.1

Grand total ............... 1249 11.2 [ 783 11.5 123 10.9

a PEPSU = Patiala and East Punjab States Union
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5 TU TEST IN GROUPS OF BCG-VACCINATED SCHOOLCHILDREN
BY LOCALITY AND VACCINE LOT

mass campaign

assessment team

15.5 5

12.9 3

14.5 3

b M = Madras vaccine, King Institute of Preventive Medicine; C = Copenhagen vaccine, Statens Seruminstitut
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FIG. 2. DISTRIBUTIONS BY SIZE OF REACTIONS TO INTRADERMAL 5 TU TESr
AMONG BCG-VACCINATED CHILDREN RETESTED BOTH IN 1954 AND IN 1955

AND RETESTED IN 1955 ONLY
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Further indication that instability of the tuberculin used in 1954 may
be responsible for the variability observed is found in the retest results
for the groups vaccinated by the assessment team. Study of the mean

reaction sizes reported in 1954 shows that there is a marked difference
between the groups tested in Ajmer (mean reaction sizes ranging from
10.4 mm to 12.5 mm) and those tested in Rajasthan (12.0-14.8 mm).
When the team moved from Ajmer into Rajasthan a new dilution of
tuberculin was used (a fresh tuberculin dilution was prepared and bottled
every month): the testing in the two states in 1954 thus represents two
different dilutions of tuberculin. Yet no difference in the level of allergy
was observed between Ajmer and Rajasthan at the retesting in 1955.

Results for the schoolchildren and general population groups tested
for post-vaccination tuberculin sensitivity for the first time in 1955 are

shown in Table II. They reflect the same trends apparent in the results
for the groups retested for the second time in 1955. The levels of allergy
are higher and less variable than those reported in 1954. The groups
vaccinated in the mass campaign all show intermediate levels of post-

NUMBER: 91I
MEAN:. I 1.3

S 20 24
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vaccination allergy, the mean size of the reactions ranging from 9.9 mm
to 12.5 mm. In the groups vaccinated by the assessment team with
Copenhagen vaccine the allergy is consistently higher, the mean sizes of
reactions being between 12.5 mm and 15.5 mm.

Five special studies designed to investigate the factors responsible
for the consistently lower results of mass-campaign vaccinations were

included in the assessment work. The directions for mass-campaign field

TABLE II. MEAN SIZES OF REACTIONS TO INTRADERMAL 5 TU TEST IN
GROUPS OF BCG-VACCINATED SCHOOLCHILDREN AND GENERAL POPULATION

TESTED FOR THE FIRST TIME IN 1955

State Locality Vaccine
lot a

Mean size
Number of reactions
tested (mm)

Vaccinated in the mass campaign

Mysore Malur

Malur

Malur

Malur

Bangarpet

Bangarpet

M 444

M 431

Total

81

113

57

13

136

99

499

12.2

12.0

10.4

12.5

9.9

10.9

11.1

Vaccinated by the assessment team

Mysore

Travancore-Coc hi n

Iloor

K.G. Doddy

P.B. Doddy

T.G. Doddy

Hallimala

Sakthi ku langara

Sakthi ku langara

Sakthikulangara

Sakthikulangara

Neendakare

C 1149

,,

,.

,.

C 1113
,.1

Total.

Grand total ......................

92

65

77

49

38

41

40

76

65

301

844

1 343

15.1

14.5

15.5

14.5

14.7

13.5

14.7

13.9

13.6

12.5

13.8

12.8

a M = Madras vaccine, King Institute of Preventive Medicine
C = Copenhagen vaccine, Statens Seruminstitut
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TABLE III. RESULTS OF SPECIAL INVESTIGATIONS ON VACCINES
AND VACCINATION TECHNIQUES

Subject of study

Comparison of
assessment team
and mass-cam-
paign team vac-
cination tech-
niques

Comparison of
different syringes
and needles and
effect of flaming
the needles

Effect of speed of
injection

Effect of storage
on Madras
vaccine

Comparison of
ampoules from a
single lot of
Madras vaccine
(no. 456)

Details of vaccines and
vaccination techniques

Vaccinated by assessment-team vac-
cinator with technique prescribed for
WHO/UNICEF assessment teams

Vaccinated by mass-campaign vaccina-
tor with technique prescribed for mass
campaign teams

Syringe Needle

long, 1 ml, all- platinum
glass, pretested
for tightness

Flaming

quick,
needle
only

1 ml Record platinum quick,
needle only

1 ml Record platinum longer,
needle and
end of
syringe

1 ml Record steel quick,
needle only

Vaccine injected slowly

Vaccine injected rapidly

Vaccine lot Weeks of storage

456

456

453

453

451

451

4

6

6

8

Ampoule no.:

2

3

4

6

7

8

10

11

212

Number
tested
with
5 TU

Mean size
of

reactions
(mm)

13.1

13.1

69

74

Study
no.

II

11

Ill

IV

V

IV

60 16.0

54 15.1

53 15.5

56

52

54

65

95

71

93

76

86

40

42

24

21

47

31

33

33

34

34

33

15.8

15.5

16.1

16.8

15.7

15.7

14.1

14.0

12.7

15.0

15.6

14.6

15.2

14.6

15.8

14.8

15.0

14.7

15.4

14.4
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procedures were followed throughout in these studies, except when the
vaccines and vaccination techniques were deliberately changed for the
purposes of the investigations. Thus the tuberculin-testing and vaccination
techniques, the criterion for vaccination and the vaccine were those used
in the mass campaign; further, mass-campaign technicians were attached
to the team to give and read the pre-vaccination tuberculin tests and-
in one study-to perform the vaccinations. Children in 28 schools in
two towns in Rajasthan were tested and vaccinated in February and
retested in April 1955. The results of these studies are given in Table III.

None of the variations introduced into the vaccination technique
significantly affected the allergy production. The mean size of the reactions
was the same whether the children were vaccinated by a mass-campaign
technician using his own equipment and methods or by an assessment-
team nurse using the vaccination technique prescribed for assessment
teams; and variations in type of syringe and needle, flaming time and speed of
injection did not produce significant variations in post-vaccination tuber-
culin allergy. Earlier TRO studies in Denmark had shown that variations
in vaccination technique are of little consequence so long as the vaccine
is potent,' and the present studies, carried out under field conditions and
with mass-campaign vaccine and techniques, would seem to confirm
these findings.

And, in fact, the only factor which resulted in a significantly reduced
allergy production was prolonged storage of the vaccine. In study IV,
schoolchildren in ten Dholpur schools were vaccinated with three lots
of Madras vaccine- lots 451, 453 and 456-prepared one, four and six
weeks previously. The three vaccines were given in rotation, i.e., the first
child eligible for vaccination was given lot 451, the second lot 453, the
third 456, the fourth 451, etc. The study was repeated in five Kotah schools
two weeks later when the three lots were three, six and eight weeks old.
Storage of the vaccine was the responsibility of the Rajasthan campaign
organization: the vaccines were stored under refrigeration according to
normal campaign procedures.

The effect of storage on these vaccines is shown in Fig. 3, where distri-
butions by size of post-vaccination reactions are given for each of the
different periods of storage. This figure also shows, for comparison,
distributions of reactions among children previously found " positive "
in the same schools. It is clearly seen that the potency of the vaccine
diminishes with increasing length of storage: the mean size of the post-
vaccination reactions falls by more than I mm for every two weeks' storage.
None of the vaccinated children attained a degree of allergy as strong
as that induced by natural infection, but the allergy obtained with the
freshest vaccine was nearly as strong, and certainly the allergy induced
by vaccines stored for four weeks or less must be considered satisfactory.
There was little variation in potency among these three vaccine lots: they
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FIG. 3. DISTRIBUTIONS BY SIZE OF REACTIONS TO INTRADERMAL 5 TU TEST
AMONG SCHOOLCHILDREN IN DHOLPUR AND KOTAH, RAJASTHAN, VAC-
CINATED WITH 3 LOTS OF MADRAS VACCINE STORED FOR 1-8 WEEKS AND
AMONG SCHOOLCHILDREN PREVIOUSLY FOUND " POSITIVE " TO 5 TU TEST

IN THE TWO TOWNS
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all became attenuated with increasing length of storage but produced
approximately the same degree of allergy when stored for the same period.
Reduced potency of the vaccine due to prolonged storage cannot account
for the intermediate results of the mass-campaign vaccinations, however,

40 STORED Fi
I WEEK

OR
VACCINE

NUMBER: I
MEAN:

65
16.8

NUMI
ml
BER: 9 5
EAN 15.730

201

IC

0

4C

3C

' aqq IC

QztAi0
X 40
Q.

30

201

10

C

MEA:NI: 15.7

STORED FOR
4 WEEKS

STORED FOR
6 WEEKS

mlEAN: 14D

40

214

2fM

----

3a

2c

IC

Ammdzm_j. 12 16 20 24 2



ASSESSMENT OF BCG VACCINATION IN INDIA 215

as in most of the groups retested the vaccine was used within two weeks
of production and only exceptionally was as much as four weeks old.

The fifth study was planned to investigate the variability in potency
among different ampoules of Madras vaccine. Table III gives the mean
sizes of post-vaccination reactions for eleven ampoules of a single lot
of Madras vaccine (no. 456). The vaccination results are reasonably
stable and would indicate a uniformity in allergenic potency from one
ampoule to another.

Pre-vaccination tuberculin sensitivity

Data collected during the first visit of the assessment team revealed
a very high prevalence of non-specific tuberculin sensitivity among school-
children in the low, humid areas of Assam and in Travancore-Cochin,
so high that the 5 TU test was virtually ineffective in these areas for
separating infected from uninfected children. During the second visit
further investigations of naturally acquired tuberculin sensitivity were
therefore made in the states of Madras and Mysore, bordering Travancore-
Cochin, to determine whether the area of non-specific sensitivity extends
northwards across the border. General population groups in villages were
chosen for these studies so as to obtain a picture of specific and non-
specific tuberculin sensitivity in different age-groups.

Tuberculin-test results for 2615 unvaccinated villagers in Madras and
Mysore states are shown by age in Fig. 4, the reactions to the 5 TU test
on the left and those to the 100 TU test on the right.a Clearly here too
the 5 TU test fails to separate the population into two distinct groups
of reactors and non-reactors. Strong, specific sensitivity to tuberculin
can be seen in the youngest age-group, and the proportion of infected
persons increases with age, as is evidenced by the increasing percentage
of large-sized reactions to the 5 TU test, but the specific reactions cannot
be distinguished from the small and intermediate-sized reactions except
in the youngest age-groups. The small reactions to 5 TU increase in size
with age, indicating an increase in non-specific sensitivity, and this is
reflected in the distribution of 100 TU reactions by age. Of the villagers
presumably uninfected with tuberculosis-i.e., those with small reactions
to 5 TU (0-9 mm)-nearly all gave strong reactions to the 100 TU test
from the age of 15.

In an effort to find a more efficient tuberculin test, studies comparing
different tuberculin products and doses were included in the testing pro-
gramme in Peedampalli village, Madras. A single Mantoux test with
5 TU (0.0001 mg) has been recommended for mass-campaign work by
the WHO Expert Committee on Tuberculosis,5 and TRO has used one

a The 100 TU test was given in only one village, Ramanagaram, in Mysore.
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standard test (5 TU of RT XIX-XX-XXI from the Statens Seruminstitut,
Copenhagen) as a matter of routine in all its work. In the first study,
including 492 villagers, 5 TU of RT XIX-XX-XXI, 10 TU of RT XIX-
XX-XXI and 5 TU of another purified tuberculin, the international
standard tuberculin PPD-S, were given in rotation to determine whether

FIG. 4. DISTRIBUTIONS BY SIZE OF REACTIONS TO INTRADERMAL 5 TU TEST
AND TO 100 TU TEST (GIVEN TO PERSONS REACTING WITH 9 mm OF INDURATION
OR LESS TO 5 TU) AMONG UNVACCINATED POPULATIONS OF 7 VILLAGES IN

MYSORE AND MADRAS STATES, BY AGE
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FIG. 5. DISTRIBUTIONS BY SIZE OF
REACTIONS TO INTRADERMAL TESTS
WITH 5 TU OF RT, 10 TU OF RT AND 5 TU
OF PPD-S AMONG UNVACCINATED
PERSONS IN PEEDAMPALLI VILLAGE,

MADRAS

FIG. 6. DISTRIBUTIONS BY SIZE OF
REACTIONS TO INTRADERMAL TESTS
WITH 5 TU OF RT IN DIFFERENT VOLUMES
OF DILUENT-0.05 ml, 0.1 ml AND 0.2 ml-
AMONG UNVACCINATED PERSONS IN

PEEDAMPALLI VILLAGE, MADRAS
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a stronger dose or another product would effect a better separation of
the population into two groups. The distributions of reactions among

the villagers tested with 5 TU of RT, 10 TU of RT and 5 TU of PPD-S
are shown in Fig. 5. In all three distributions there is a large proportion
of intermediate-sized reactions merging with the large specific reactions
and almost no zero or small reactions; evidently neither a doubling of
the dose nor the use of PPD-S instead of RT XIX-XX-XXI results in a

clearer separation of the tuberculosis-infected from the uninfected persons.

In another study the same dose of tuberculin (0.0001 mg or 5 TU
of RT XIX-XX-XXI) was given to everyone, but the volume of diluent
was varied. Each villager was tested with 5 TU in either the usual volume
of diluent (0.1 ml), half the usual volume (0.05 ml) or twice the usual
volume (0.2 ml), the three test variants being given in rotation. The results
are shown in Fig. 6. From the distribution of the reactions it would seem

that a slightly better separation of infected and uninfected is obtained
by increasing the volume of diluent. The results of this small study, though
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not conclusive, are promising, and further investigations along this line
would seem indicated.

Conclusions

A second assessment of the Indian mass BCG-vaccination campaign
has shown that the mass-campaign vaccinations have produced a uniform
and reasonably high level of allergy among Indian schoolchildren, and
that the variable and sometimes low levels of allergy reported in 1954
are seemingly due to a deficiency in the test with which the allergy was
measured rather than to defects of vaccination.

Although the results of the mass-campaign vaccinations are much
better than the data from the initial assessment led one to expect, the
levels of allergy obtained are still slightly lower than those that can be
achieved under controlled conditions: the assessment team vaccinating
with Copenhagen vaccine consistently produced post-vaccination reactions
that were about 2 mm larger. An explanation of this difference is not
entirely apparent. Retesting the groups of schoolchildren in which the
allergy-producing effects of Madras and Copenhagen vaccine lots were
compared confirmed the initial finding that the Madras vaccine used
in January-February 1954 was somewhat less potent than the corresponding
lots of Copenhagen vaccine. A direct comparison of the two vaccines
has not been made since then, and it is therefore not possible to determine
whether the somewhat lower results observed in the groups vaccinated
in the mass campaign during September-December 1954 are due to a
reduced potency of the Madras vaccine or to factors in handling and
storage of the vaccine in the field that impair the potency. It should be
pointed out, however, that the more recent lots of Madras vaccine (produced
in February 1955) used by the assessment team in the special vaccine
studies give an allergy comparable to that induced by Copenhagen vaccine,
at least at the first month after vaccination.

Analysis of post-vaccination testing results is, in general, seriously
complicated by the instability of tuberculin dilutions. Measures taken
to reduce variation in the potency of the tuberculin in the 1955 Indian
assessment work seem to have been effective in that the results are consider-
ably more uniform. But variations may remain, and further studies on
the stability of the tuberculin test are essential to effective BCG assess-
ment work.

The studies on natural tuberculin sensitivity carried out in Mysore
and Madras show, as was previously demonstrated in Travancore-Cochin,
that the routine 5 TU test cannot effectively separate the tuberculosis-
infected from the uninfected in these areas: the widespread prevalence
of non-specific reactions virtually destroys the efficiency of the 5 TU test
and probably any of the tuberculin tests in use today. This disturbing
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situation is not peculiar to South India-indeed, the ineffectiveness of the
tuberculin test has been observed in many other tropical areas: Burma,
Indonesia, the Philippines, Thailand, Viet Nam, the Sudan, East Pakistan,
Mauritius and Nigeria (TRO 7-10 and unpublished data for Nigeria).
This inadequacy of the tuberculin test is a serious drawback in the tuber-
culosis control programmes of all these lands, in diagnostic as well as in
epidemiological applications.

The practical implications of a high prevalence of non-specific tuberculin
sensitivity were discussed in detail in the previous report.6 In practice,
the problem can be at least partially solved by raising the limit of a
"positive " reaction to the 5 TU test, and this has in fact been done in
several international vaccination campaigns. But raising the limit of the
" positive " tuberculin reaction is only a preliminary solution of the
problem. With a higher limit, a larger proportion of the uninfected persons,
including many of those with non-specific sensitivity, will be included
in the vaccination programme-as, however, will more of the infected
persons.
A more satisfactory solution would be to develop a more specific

tuberculin test for use in these populations. It may be possible to fractionate
tuberculin into components that are specific for infection with Myco-
bacterium tuberculosis and components that are responsible for the non-
specific reactions. If this can be done, a tuberculin could be made available
that would not elicit non-specific reactions, and studies are now in progress
with various protein fractions to investigate this possibility.

REtSUMIE
Le deuxieme rapport sur les resultats de la vaccination par le BCG dans l'Inde

complete le premier, paru en 1955, et aborde en outre divers problemes poses par cette
vaccination.

Vingt-quatre groupes d'ecoliers vaccines ont et soumis a nouveau en 1955 au test
tuberculinique qu'ils avaient dejA subi en 1954. Ils representaient des niveaux d'allergie
parmi les plus bas et les plus 6leves, d6termines lors du premier examen, et la plupart
avaient ete vaccines avec des lots de vaccin differents. D'autre part, des etudes A plus
faible 6chelle ont et entreprises dans 28 ecoles, en vue de preciser le role de certains
d6tails techniques et de l'activite du vaccin dans les campagnes de masse. La sensi-
bilite non specifique a la tuberculine a ete etudiee dans sept villages non vaccines ou
le pourcentage le plus eleve de sensibilite non specifique avait e observe.

Les conclusions du rapport indiquent, d'apres la deuxieme evaluation des resultats
de la campagne, que les vaccinations systematiques ont produit un niveau d'allergie
uniforme et satisfaisant chez les ecoliers. Bien que superieurs A ce que laissait prevoir
le premier examen, les niveaux d'allergie atteints sont inferieurs A ceux obtenus dans
des essais contr6ls, plus restreints (dans ce dernier cas, les reactions ont environ 2 mm
de plus). L'analyse des tests postvaccinaux est compliquee par l'instabilite des dilutions
de tuberculine. L'emploi, en 1955, de dilutions dont l'activite etait plus constante semble
avoir conduit A des resultats plus uniformes. I1 est essentiel de poursuivre l'etude de cette
question si l'on veut obtenir une evaluation plus precise des resultats des vaccinations
par le BCG.
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Dans les regions telles que Mysore et Madras oui intervient la sensibilite non speci-
fique a la tuberculine, le test de 5 UT ne permet pas de distinguer les sujets infectes de
ceux qui ne le sont pas. I1 est meme possible que cette sensibilite invalide tous les tests
tuberculiniques. Ce probleme genant n'est pas propre a l'Inde meridionale. I1 se pose
en Birmanie, en Indon6sie, aux Philippines, au Viet-Nam, au Soudan, au Pakistan
oriental, A l'ile Maurice et au Nigeria. L'inefficacite des tests tuberculiniques dans ces
contrees est un serieux obstacle au developpement des programmes de lutte, qu'il
s'agisse de diagnostic ou d'evaluations epidemiologiques. Elever les normes caracterisant
une reaction <(positive)) n'est qu'une solution provisoire. I1 vaut mieux chercher un
test tuberculinique plus precis. I1 se peut que l'on parvienne A fractionner la tuberculine
en divers composants, les uns specifiques de l'infection par le bacille tuberculeux, les autres
responsables des reactions non specifiques. Les recherches se poursuivent dans cette
direction.
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APPENDIX TABLE (concluded)
Investigations on Naturally Acquired Tuberculin Sensitivity

Number tested with

5 TU 100 TU

305

135

168

155

71

1 262

519

724

224

C.

State

Mysore

Madras

Number
of

groups
Locality

Ijoor

K.G. Dcddy

P.B. Doddy

T.G. Doddy

Hallimala

Ramanagaram

Peedampal Ii

Date of
testing
(1955)

2 May

2 May

3 May

3 May

4 May

12and 21 May

30 May

Number
vaccinated

163

97

105

93

58

831

273

Total 2615 724 1 620

1

1

1


