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possibility can scarcely be excluded that some other
pathological process than tuberculosis caused some
of the " cases " classified as probably tuberculous;
also, such non-tuberculous disease would tend to
swamp the possible effect of vaccination.

Statistical significance of results
Attention must finally be invited to the fact that

the study population is rather too small to allow any

definite conclusions to be drawn. Even if the rates
of 9 cases among the vaccinated for 4300 person-
years and 7 cases among the unvaccinated for 4900
person-years are taken at their face value, these
results are compatible with a moderate amount of
protection, as a random outcome in a too-small
study population.
For the above reasons no conclusions can be

drawn from the BCG trial in Madanapalle.

A Reply to a Critical Examination of a Study of Tuberculosis
in Madanapalle, South India

by J. FRIMODT-M0LLER, dr. med., Research Director, Madanapalle Tuberculosis Research Unit,
Madanapalle, South India

Dr K. S. Ranganathan has in the preceding note a
drawn attention to certain findings relating to the
BCG control trial conducted at Madanapalle b
(referred to hereafter as " the Report " in the interests
of brevity), which in his opinion render questionable
the validity of the trial and the conclusions drawn
from it regarding the effect of the BCG vaccine. His
main concern is with the very low post-vaccination
allergy reported, the apparent difficulty by means of
the tuberculin test of separating persons eligible for
vaccination from persons not eligible, the uncertainty
in diagnosing tuberculosis by X-ray readings and the
smallness of the material. I am grateful to the World
Health Organization for inviting me to reply to
Dr Ranganathan's observations and for giving me
an opportunity further to discuss the Madanapalle
findings.

It should be clear from the Report that our findings
at Madanapalle have caused me no less concern than
they have caused Dr Ranganathan, and much
thought has been given to an elucidation of causes of
the unexpected results. Nearly all the objections
raised by Dr Ranganathan have already been met
and dealt with in the Report itself; and in addition
there is the recent report by Dr Kul Bhushan,C
dealing with results of the mass BCG vaccination
campaign in India from 1955 to 1958, and certain

a See the note on page 871 of this issue.
b Frimodt-M0ller, J. (1960) Bull. Wld Hlth Org., 22, 61.
c Kul Bhushan (1960) Indian J. med. Res., 48, 407.

new observations made at Madanapalle since the
submission of the Report for publication in 1958,
I fully share Dr Ranganathan's implicit anxiety that.
in a matter of such great importance as the usefulness
of BCG vaccination in countries where tuberculosis
is still rampant, reports casting doubt on its efficacy
should not be made if they are not scientifically well
grounded. However, for reasons already given in the
Report and for reasons here stated, it is my opinion
that the Madanapalle trial-apart from being the
only investigation in this part of the world today of
the protective value of BCG-is of great value as it
deals with the effect ofBCG vaccination in a tropical
population where "non-specific" tuberculin sen-
sitivity is highly prevalent. Given a sufficiently long
period of follow-up, it is likely to yield valuable
information on the interrelationship of BCG-
induced immunity and a possible immunity afforded
by the agents responsible for the " non-specific "
allergy. This type of allergy is important in our
quest for a proper understanding of the many factors
which bear upon the epidemiology of tuberculosis in
this part of the world.
Dr Ranganathan rightly implies that the Madana-

palle trial would be of no value if it could be proved
that the vaccine had been seriously impaired or
rendered ineffective before the vaccination took
place. Since retests at Madanapalle have given con-
siderably smaller mean indurations than reported
elsewhere, there is ground to suspect such impair-
ment. However, as shown below, the main reason
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for the small size of post-vaccination indurations
lies in a difference in measuring the diameters of the
indurations. This is borne out (a) by an experiment
carried out at Madanapalle to test whether the
vaccine was damaged in transit between Madras and
Madanapalle, (b) by comparison of readings by
various readers, and (c) by a study of the pattern of
frequency distributions of tuberculin reactions at
Madanapalle and elsewhere.

Possible impairment of the vaccine

By courtesy of Dr D'Silva, Director, BCG Vaccine
Laboratory, Madras, two batches of vaccine were
sent in April 1959 to Madanapalle (a distance of
160 miles, or 250 km), one batch by train in the usual
heat-insulated packing-case, and another batch
placed on ice in a vacuum flask and dispatched
by car. The two batches of vaccine were given to
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CORRELATION TABLE BY SIZE OF INDURATION OF MANTOUX REACTIONS TO I TU (RT 23+TWEEN 80)
IN SCHOOLCHILDREN AT MADANAPALLE, AS READ BY A TRO-TRAINED NURSE AND BY A DOCTOR

OF THE MADANAPALLE RESEARCH UNIT
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children with indurations of 9 mm or less to 1 TU
(RT 23+Tween 80): 38 had the vaccine sent by train,
48 the vaccine sent by car and 38 were not vaccinated.
Retests were done in August 1959. The readings were
done independently the same morning by three
readers: one WHO nurse who had been trained by
the WHO Tuberculosis Research Office (TRO) and
for several years had been occupied almost entirely
with readings of tuberculin tests, and two doctors of
the Madanapalle Research Unit. The three readers
were asked to re-read the reactions in the afternoon
in order to measure the consistency with which they
read. The readings by the two doctors were very
similar but they noted smaller reactions than the
nurse. The mean sizes of indurations as found by the
nurse and one of the doctors were as follows:

Vaccine transported Unvaccinated
By train By car controls

Number children tested
and read . . . . . . 26 32 19

Mean indurations:
WHO nurse . . . . 10.4 mm 10.9 mm 6.9 mm
Madanapalle doctor . 4.9 mm 5.3 mm 3.0 mm

The vaccine sent by train produced, therefore, the
same size of reactions as the one sent on ice by car.
Further, bacillary counts of viable units in the
ampoules used for inoculation of the children were
made by inoculating graded doses of suspensions of
BCG vaccine on Lowenstein-Jensen tubes and
counting the colonies later on. They too showed no
significant difference in bacillary content. It is
therefore not likely that our routine method of
transport of the vaccine can be held responsible for
the low retest results noted in the past.

Comparison of readings by specially trained personnel
and by Madanapalle readers
As is already evident from the mean size of in-

durations just mentioned, there was a marked differ-
ence between the readings of the TRO-trained nurse
and the local Madanapalle reader. Correlation
studies between the first and second readings by each
one of the three readers showed that the nurse was
remarkably consistent with herself, while the two
Madanapalle readers read very similarly but both
readers recorded smaller reactions along the whole
range of reactions than the TRO-trained nurse.
Table 1 shows the correlation between the readings
by the nurse and by one Madanapalle reader.
Although there is a strong positive correlation, the
readings by the nurse lie systematically at a higher
level than those by the doctor. The mean difference

FIG. I
DIFFERENCE IN DIAMETER OF MANTOUX REACTIONS
TO I TU AS READ BY A TRO-TRAINED NURSE AND A

DOCTOR OF THE MADANAPALLE TUBERCULOSIS
RESEARCH UNIT, GROUPED ACCORDING TO SIZE OF

REACTIONS
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between their readings varies generally between
5 mm and 8 mm (Fig. 1).

It could be said that the readings by the Madana-
palle readers represent a gross under-reading. It
could also be said that their readings were normal
and the readings by the nurse were over-readings, or
that the one was an under- and the other an over-
reading. It is irrelevant how it is expressed-the
main point is that there can be considerable differ-
ences in the manner in which tuberculin tests are
read. It is therefore not justifiable to draw any
sharp conclusions from the absolute readings of two
different readers unless it is known that they follow
the same standard. It is also unjustifiable to argue
that a post-vaccination allergy producing mean
indurations around 6-8 mm must necessarily indicate
a failure of the BCG vaccine as compared with
observations in another place with mean indurations
around, for instance, 12 mm. The vaccine might have
set up the same allergy in the two places, and only
the readings may be different.

Comparison with BCG allergy elsewhere
Kul Bhushan c draws attention to the fact that

allergy produced by BCG vaccine and measured by
the size of post-vaccination tuberculin indurations
must necessarily fall between two extremes: the
upper one corresponding to the allergy produced by
natural infection with tubercle bacilli, the lower one
corresponding to that found in persons not infected.
If the BCG allergy is as strong as that produced by a
natural infection the indurations in vaccinated

fmm

876 NOTES

..



REPLY TO A CRITICAL EXAMINATION OF A TUBERCULOSIS STUDY IN SOUTH INDIA 877

persons will be of the same size as those found in
tuberculous patients or in naturally "positive "
reactors. If the BCG allergy is lower, the indurations
will be smaller; and if the vaccine has been very weak
the indurations may approach those found in non-
infected persons. If " non-specific " sensitivity is
also prevalent, it may raise the lower limit of size of
indurations and the difference between indurations
of this type and BCG indurations may be small. If
there is doubt about the standard of readings by a
particular reader it is advisable to determine how he
or she had read reactions representing the allergy of
naturally " positive " or of tuberculous patients, and
also to determine the size of indurations in persons
probably not infected with tubercle bacilli.

TABLE 2

MEANS (OR MODES) OF FREQUENCY DISTRIBUTIONS
OF DIAMETERS (mm) OF INDURATIONS

TO MANTOUX 5 TU a

Non-
specific Naturally Vacci-

Country sensitivity BCG posi- nators b
or non- tive"
infected

Cyprus 2-3 16C 19 AT
Cyprus 2-3 12 d 19 AT

Libya 2-3 9-12 d 19-20 MC

Iraq-Jordan-
Lebanon 2 12-16 21 AT

Iraq-Jordan-
Lebanon 2 6-14 21 MC

Iran 3 14 19 AT
Iran 3 6-12 19 MC

Sudan 2-9 1315 c 18-20 AT
Sudan 2-9 10d 18-20 AT

Pakistan 1415 c 18-20 AT
West Pakistan 3-4 5-11 e 18-20 MC
East Pakistan 4-5 10-12 e 16-17 MC

Burma 5-7 8-12 17-19 MC

Indonesia 4-6 7-14 18-21 MC

Philippines 5-8 5-12 18-19
5-8 10 18-19 MC

Taiwan 4-6 8-14 19-21 MC

Thailand 6-7 8-11 15-18 MC

Viet Nam 5 13-16 19 MC

a Data taken from unpublished reports by the WHO Tubercu-
losis Research Office on tuberculosis surveys and BCG vaccine
assessment studies carried out in the countries shown.

b AT = Assessment team. MC = Mass campaign team.
c Danish vaccine.
d Egyptian vaccine.
e Pakistani vaccine.

In Table 2 are listed the findings in a number of
countries. They are results of tuberculin tests carried
out by special BCG assessment teams,d trained by the
WHO Tuberculosis Research Office to follow the
same technique and standard of reading. Tuberculin
tests of persons previously classified as " tuberculin
positives " show mean indurations about 18-20 mm.
Indurations obtained in persons presumably un-
infected with tubercle bacilli vary between 2 mm
and 9 mm. The mean indurations found in the
vaccinated all lie between these two points on the
scale of indurations, most of them around 10-12 mm,
i.e., 8-10 mm below those found in the " naturally
positive" and 5-8 mm above those found in the
non-infected. In most of the countries listed, the
BCG mean indurations are about half the size of
those of the " naturally infected "; notable exceptions
are Cyprus and Iran.
As mentioned by Dr Ranganathan, the two

reports e, f based upon the findings of the WHO
South East Asia Regional BCG Assessment Team
in India in 1954 and 1955 showed mean indurations
to 5 TU varying in 1954 from 6-15 mm with a general
mean of 9.3 mm and in 1955 from 11-17 mm with a
general mean of 13.6 mm (with an improved tuber-
culin testing technique). The indurations obtained
in persons previously classified as " tuberculin
positive" measured about 18-20 mm. The BCG
mean indurations are about 4-9 mm smaller.
Dr Kul Bhushan,c who was himself a member of

the WHO assessment team in India and was trained
by it, obtained an over-all mean induration after
BCG of 12.5 mm, while finding indurations of
18-19 mm among the previously " positive ", i.e.,
a difference of 6-7 mm. It is unfortunate that Dr Kul
Bhushan in his analysis has been able to include
only a very few unvaccinated " tuberculin negatives "
(54 only among a total of 19 235 children tested, or
one child per 5 schools examined) so that the de-
monstration of 6-7 mm as the mean size of indura-
tions among the unvaccinated is based upon a very

d Reported in the following unpublished documents of
the WHO Tuberculosis Research Office: Data for the assess-
ment of naturally acquired tuiberculin sensitivity in seven
countries of Asia, 1955; Tuberculin survey in the Sudan, 1955;
Assessment of BCG vaccinationi in seven countries of Asia,
1956; BCG assessment in Pakistan, 1956; Report on BCG
assessment work in Libya, 1956; Tuberculin survey in Cyprus,
1956; Tuberculin survey in Iran, including assessment of mass
BCG vaccination, 1956; BCG assessment in Iraq, Jordan and
Lebanon, 1957.

e WHO Tuberculosis Research Office (1955) Bull. Wld
Hlth Org., 12, 101.

f WHO Tuberculosis Research Office (1957) Bull. Wld
HIth Org., 17, 203.
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unrepresentative material. However, accepting this
as the only available indication of the lower limit, it
is stated by Kul Bhushan that the BCG-induced
allergy produces indurations to tuberculin midway
between the upper and lower limits possible. To
summarize, the findings of the WHO assessment
teams and of Dr Kul Bhushan show that BCG-
induced allergy is generally on a lower level than the
allergy found in persons presumed to be naturally
infected with tubercle bacilli, and in many countries
the mean size of the indurations is about half that
of the maximum obtainable.
Adopting the same line of reasoning the allergy

produced in the vaccinated persons participating in
the Madanapalle BCG trial may be compared with
that in persons thought to be naturally infected.
Fig. 2 shows the distributions of such " initially

FIG. 2
FREQUENCY DISTRIBUTIONS OF INDURATION
TO MANTOUX TESTS WITH 5 TU AT RETESTS

OF PERSONS AT MADANAPALLE WHO WERE TESTED
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positives " (at Round I) when retested at Rounds It,
III and IV respectively (cf. Fig. 17 and Tables 12-14
in the Report). The distribution at Round II
appears to be bimodal with one mode at 4-5 mm
and another at 12-13 mm. The former distribution
represents persons who originally had small reactions
at 5 mm and just above (4 mm and less to S TU being
the criterion for vaccination). They are likely to
represent persons who had " non-specific " allergy.
The other distribution around the mode at 12-13 mm
represents the mean level of reactions in persons
presumably infected with tubercle bacilli. The
difference between this and the mean of 5.5 mm as
found in the vaccinated is 6-7 mm (cf. Fig. 17 in the
Report). The retest results at Rounds III and IV are
similar. Here too the BCG-induced allergy is
represented by indurations about half the size of
those in the naturally " positive ".

Comparison ofIndian and Danish vaccine
As mentioned in the Report and by Dr Ranga-

nathan, there is a discrepancy between the size of
post-vaccination indurations obtained in an ex-
periment conducted by us in collaboration with the
TRO to compare the strength of Indian and Danish
vaccines and the average size of indurations obtained
in the Madanapalle BCG trial. The following
observations suggest that this discrepancy is also due
mainly to readers' differences. The results of the
original experiment have been reported by Edwards
et al. g and by Frimodt-M0ller.h
The experiment was carried out in February 1951

in schools in Chittoor and Punganur (at a distance
of 60 and 15 miles-about 95 km and 25 km-
respectively from Madanapalle). The first retest took
place 6 weeks after the vaccination. The findings
given in the original reports, and quoted in Table 3,
refer to readings by a TRO-trained nurse who came
to Madanapalle especially to ensure similarity
between the readings in India and in Denmark. The
children were retested again after one, two and
three years; the results are given in Table 3. The
dose of tuberculin used for the pre-vaccination test
and the following three retests was 10 TU (not 5 TU
as used in the Madapanalle BCG trial), and 5 TU at
the third-year retest. At the first retest (at 6 weeks)
only the vaccinated were given retests. At the

D Edwards, L. B., Palmer, C. E. & Magnus, K. (1953)
BCG vaccination, Geneva (World Health Organization:
Monograph Series, No. 12).

h Frimodt-Moller, J. (1953) In: Tuberculosis Association
of India, Proceedings of the Tenth Tuberculosis Workers'
Conference, held in Mysore, New Delhi, p. 40.
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TABLE 3
COMPARISON BETWEEN DANISH AND INDIAN BCG VACCINE USED AT CHITTOOR AND PUNGANUR

Danish BCG a Indian BCG a

Test Date Tuberculin 1:1 1:10 1:100 1:1 1:10 1:100 Readerdose
75 7.5 0.75 50 5 0.5
,ig Mg MAg Mg Lg MAg

Pre-vaccination Feb. 1951 10 TU 2.0 2.0 2.0 1.9 2.1 2.2 Local
6-week retest April 1951 10 TU 14.8 b 12.9 b 9.0 b 14.0 b 9.8 b 7.8 b TRO nurse
One-year retest March 1952 10 TU 16.2 12.7 9.5 13.5 11.0 9.3 Local
Two-year retest Feb. 1953 10 TU 12.6 9.6 7.7 11.0 C 8.5 7.4 Local
Three-year retest March 1954 5 TU 5.7 3.5 1.8 4.1 c 2.5 1.5 Local

a Results expressed as mean size of induration in mm.
b Figures taken from Edwards, L. B., Palmer, C. E. & Magnus, K. (1953) BCG vaccination, Geneva(World Health Organization: Mono-

graph Series, No. 12).
c See also Fig. 3.

FIG. 3
FREQUENCY DISTRIBUTIONS OF MANTOUX REACTIONS AT RETESTS OF SCHOOLCHILDREN

AT PUNGANUR AND CHITTOOR WHO WERE TESTED INITIALLY IN FEBRUARY 1951
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one-year retest the non-vaccinated were also tested
but they were given 1 TU as the first test, followed
by 10 TU if they had reactions of less than 5 mm. It
is therefore not possible to compare the distribution
of reactions in the non-vaccinated with that of the
vaccinated who were tested with 10 TU only. At
the last two retests all were tested with the same dose
-at the second-year retest with 10 TU and at the
third-year retest with 5 TU. The results are shown
in Fig. 3. At the second-year retest the children who

previously had reactions of 5 mm or more now
showed a distribution which suggests bimodality
with one mode at 6-7 mm and another at 14-16 mm.
The mean of the indurations in the vaccinated falls
between these two. At the third-year retest the non-
vaccinated again showed a broad frequency distribu-
tion; there is no clear suggestion of bimodality but
it is quite certain that these "initially positive "
children have a mean which is considerably higher
than that found among the vaccinated.
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To conclude: (1) the first retest differed from the
retests carried out in the Madanapalle BCG trial by
the test dose being 10 TU and not 5 TU, by the period
after vaccination being only 6 weeks and not
1-4 years, and by the reader being a nurse specially
trained and used to record large reactions; (2) a
comparison between the mean size of induration in
the vaccinated and the non-vaccinated who were
presumably naturally infected previously indicates
that the allergy induced by the BCG was lower than
the allergy found in the "positive "; (3) there is
therefore no reason to assume that the vaccination
given at Chittoor and Punganur produced allergy
essentially different from that produced in the
Madanapalle BCG trial.

Recent retests
In March 1961 retests were carried out in the

secondary schools in the Madanapalle area. Children
vaccinated in Round I-i.e., 10-1 lyears earlier-now
showed reactions of 9-10 mm (to 5 TU of RT 19-
20-21), while non-vaccinated children showed a clear
bimodality with separation of the two distributions

FIG. 4
FREQUENCY DISTRIBUTIONS OF MANTOUX REACTIONS
AT RETESTS IN MARCH 1961 OF SCHOOLCHILDREN IN
VAYALPAD (NEAR MADANAPALLE) WHO WERE TESTED

INITIALLY BETWEEN 1950 AND 1955
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at 10 mm (Fig. 4), the distribution of large reactions
having a mode of 16-17 mm and the distribution of
small reactions a mode of 3-4 mm. The position of
the distribution of the vaccinated in relation to the
two distributions presented by the non-vaccinated

corresponded closely to that found by the WHO
assessment teams in India and other countries as
listed above.
To sum up, further consideration of the findings in

the Madanapalle BCG trial indicates that the low
post-vaccination allergy reported by the writer
in 1960 is likely to be due to a low standard of
measuring indurations rather than to damage
suffered by the vaccine. The relationship or pattern
of distributions of indurations by size in the
vaccinated as well as the non-vaccinated persons,
presumably infected with tubercle bacilli, is similar
to that observed elsewhere in India and other tropical
countries.

Selections ofpersons for the trial
Dr Ranganathan believes that a number of po-

tential cases of tuberculosis could have been wrongly
included in the trial owing to the " consistent under-
estimation of the degree of tuberculin allergy ". It
may, however, be noted that only persons with
reactions of 4 mm or less (to 5 TU) were eligible for
the trial. This limit is so low that it is not likely that
many persons with " specific " sensitivity would have
been included. It is more likely that a number of
persons who did not possess any " specific " tuber-
culin sensitivity-i.e., true " negatives "-have been
excluded from the trial and wrongly included in the
group of " initially positive ". The accumulation of
persons with small reactions in the range of 5-7 mm
at the retest in Round II (Fig. 2) seems to confirm
this.
As mentioned by Dr Ranganathan and already

pointed out in the Report, the pre-vaccination
tuberculin test is not very effective in separating
persons infected from persons not infected. How-
ever, it appears that Dr Ranganathan does not
recognize that this is due not so much to the lower
standard of the Madanapalle reader recording
tuberculin tests as compared with the TRO standard
as to the widespread prevalence of low-grade " non-
specific" allergy. The Madanapalle BCG trial
happened to take place in an environment which put
many obstacles in the way of an easily conducted
trial. It would be of little use to recommend that
such a trial should not be carried out there because
conditions are not as ideal as they may be in Euro-
pean countries where non-specific sensitivity does not
exist or in places where it is rare. Such an attitude
would imply that BCG vaccination should auto-
matically be withheld from populations infested with
the agent causing " non-specific " tuberculin sen-
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sitivity, thus depriving them of the possible benefits
of BCG vaccination.

Incidence of tuberculous cases

In his discussion of the incidence of tuberculosis
Dr Ranganathan repeats most of the arguments
given in the Report to explain the unexpected
similarity of incidence in the vaccinated and un-

vaccinated groups. His insistence that the cases

showing X-ray lesions on the first picture taken
during Round I should have been excluded from the
trial appears rather contrived in view of the fact that
they have already been clearly indicated in the Report
and the effect on the incidence of their inclusion or

exclusion has been discussed. Dr Ranganathan
seems entirely to have missed the point that the
control group of non-vaccinated persons had also
acquired a considerable degree of tuberculin allergy
at the time of retesting-presumably of the " non-

specific" type-so that the allergy presented by
them was not much lower than that found in the
vaccinated group (cf. Fig. 17 in the Report). It is
quite conceivable as suggested in the Report that the
control group may also possess a c-rtain degree of
acquired immunity which might offer some protec-
tion in the same manner, but not so strongly, as the
immunity induced by the BCG. Instead of assuming

that the cases encountered in the two groups either
would be of a non-tuberculous nature (due to wrong
diagnosis) or had slipped into the two groups owing
to a mistake in the pre-vaccination test, it could as
well be argued that, owing to the development of
" non-specific' sensitivity in the non-vaccinated,
the two groups have become so much alike that the
incidence in them would be so similar that in a small
material such as the present, with only a short ob-
servation period, it would be difficult to demonstrate
any significant difference.
The writer shares Dr Ranganathan's insistence

upon a larger material before coming to definite
conclusions, and he expects to be able to present a
second report before long, based upon a follow-up
for another four years. The size of the material
under analysis now is several times larger than that
presented in the first Report.

It is now more than ten years since the Madana-
palle trial began. The losses of persons allocated to
the trial are not many. As the children then vacci-
nated have reached or have passed the age when the
risk of infection with virulent bacilli is highest, it
should soon be possible to have enough data to make
it possible to arrive at definite conclusions with
regard to the effect of BCG vaccination in this
population.
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