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TABLE 9
RADIOLOGICAL AND BACTERIOLOGICAL RESULTS,

BY THE ATTEMPT AT WHICH THE TUBERCULIN TEST
WAS DONEa

Attempt at which
the tuberculin test was done:

Persons with 4th
1 st 2nd 3rd and Total

more

Radiological evidence
of active lung disease 57 7 1 0 65

Positive smear 11 3 0 0 14

a These data correspond to the clusters in which radiolo-
gical (7,11) or bacteriological (3, 8,11) examinations were carried
out. The results for cluster 11 became available just as this
paper was completed and have been included.

problem of coverage in a subsequent public health
programme. For instance, it has been shown that
refusal to be examined is connected, at least partly,

with factors that cannot be changed arbitrarily,
such as the influence of the chief and the size of the
village. It has been shown also that adult males
default from examination more frequently than
other population segments, and that many of those
absent at the first visit may be examined at a second
visit, while subsequent visits to a village yield rapidly
diminishing returns. It may be concluded in this
particular case that, for a BCG campaign aimed
mostly at the child population, a high coverage
might be expected even with a single visit, while,
for a case-finding programme aimed mainly at
adults, two visits to each village might be desirable
if economically feasible.
More generally, it is probably always worth

examining the response of a population to any
survey or pilot programme in public health, not
just through a report on the general impressions
obtained by the field personnel, but also by a detailed
numerical analysis of the data contained in the
field records.

Assay in Man of Different BCG Products*

by J0RGEN NYBOE, Senior Statistician, Danish Tuberculosis Index, Copenhagen, Denmark, and
KIRSTEN BUNCH-CHRISTENSEN, Chief, BCG Department, Statens Seruminstitut, Copenhagen, Denmark

At the request and with the financial support of the
World Health Organization, the Danish Tuberculosis
Index and the Statens Seruminstitut, Copenhagen,
have for some years carried out assays in human
beings of BCG vaccines from different production
centres. Two categories of vaccine have been included
in the assays-namely, vaccines submitted for testing
by interested governments with the agreement of
WHO and vaccines submitted for testing by WHO
with a view to advising UNICEF on vaccines suitable
for use in UNICEF-supported campaigns.

In these assays no attempt was made to evaluate
the immunity conferred by the various vaccines; only
the degree of tuberculin sensitivity and the size of the
vaccination lesions were dealt with. The studies were
carried out among schoolchildren. During an initial
session the children to be included in the study were
selected and vaccinated; the evaluation of tuberculin

* A contribution from the Danish Tuberculosis Index
and the WHO International Reference Centre for BCG Seed
Lots and Control of BCG Products.

sensitivity and a preliminary evaluation oflesions was
done 8-10 weeks later, but the final evaluation of the
lesions was postponed until 8-12 months after vacci-
nation, when they were all healed.
The studies were planned with special emphasis on

the securing of objective and reliable data. All re-
cordings were made by secretaries and during the
evaluation the observers were not allowed to see the
record cards, so they could not-consciously or un-
consciously-favour certain vaccines at the expense
of others. A different code number was used for each
ampoule of vaccine and, as more than 100 ampoules
were used in each assay, it was practically impossible
for the observer to know which vaccine had been
given to a child even if, by mistake, she happened to
see the child's record card.
The field staff had been specially trained and had

had more than 10 years of experience in studies of
BCG vaccination and tuberculin testing.
The assay reported here was initiated in the school

year 1963-64 and was completed in 1964-65.
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NOTES

Study population
The study was carried out among children in the

first form in some 20 schools in the County of
Copenhagen. The children, who were about 7 years
of age, were included only if they fulfilled the follow-
ing conditions: they had not previously been BCG-
vaccinated, they were tuberculin-negative, and their
parents had given written permission for vaccination
with BCG. Information about previous vaccination
was obtained partly by asking the parents, partly by
examining the shoulders of the child for vaccination
scars. In order to ascertain that the children were
tuberculin-negative, Moro patch tests were made.
As a result of this screening, more than half of the

children were excluded from the study, the great
majority because they had been vaccinated before
entering school. A total of 1175 children were vacci-
nated; data on post-vaccination tuberculin sensitivity
are available for 1039 (88 %), whereas measurement
of the vaccination scar was made on 1051 children.
Among Danish schoolchildren, low-grade tuber-

culin sensitivity is practically non-existent and high-
grade sensitivity due to infection with tubercle bacilli
is relatively rare (the annual infection rate is less
than 1 .). Therefore, when such a population is
screened by tuberculin testing before vaccination,
practically all the tuberculin sensitivity found at the
evaluation will be due to the vaccination.

Vaccines tested

10 BCG products were included in the assay. Pre-
vious investigations had shown that the dried vaccine
lots prepared by the Japan BCG Laboratory from
strain No. 172 (which in 1965 was adopted as the
International Reference Preparation of BCG) and
the dried vaccine batch F 10 from Glaxo Laboratories,
London, give stable and satisfactory results in humans
and it has been planned to include these two lots in
all assays in order to facilitate comparison between
results obtained in different years; these products will
therefore in these assays be referred to as " reference
products ". Details of the vaccines used in 1963-64
were as follows:

Description Short nameDescripto used in tables

International Reference Preparation of BCG
Japan BCG Laboratory, Tokyo Inter-
Dried vaccine prepared from strain No. 172 national
Lots A, B, C, D and E Reference
Glaxo Laboratories, London Glaxo,
Dried vaccine batch F 10 dried,
Sub-lots A, B and C reference

Description

BCG Laboratories, Goteborg
Dried vaccine lots 137, 138 and 140
Statens BCG Laboratorium, Bergen
Dried vaccine lots 110, 153 and 166
Glaxo Laboratories, London
Dried vaccine lots 626, 628 and 629
BCG Vaccine Laboratory, Guindy,
Madras

Dried vaccine from Japan, strain lots 96,
113, 115, 117, 127 and 129

BCG Vaccine Laboratory, Guindy, Madras
Dried vaccine from Denmark, strain lots,

119, 120, 121, 123, 128 and 130
BCG Laboratory, Prague
Liquid vaccine
Statens Seruminstitut, Copenhagen
Liquid vaccine
Statens BCG Laboratorium, Bergen
Liquid vaccine

Short name
used In tables

Swedish.
dried
Norwegian,
dried
Glaxo,
dried

Indian,
dried (J)

Indian,
dried (D)

Czechoslo-
vak, liquid
Danish,
liquid
Norwegian,
liquid

The vaccines were forwarded to the BCG Depart-
ment, Statens Seruminstitut, Copenhagen, where they
were stored at 4°C until they were used. The liquid
vaccines should normally be used within a few weeks
after preparation and as the vaccinations in this assay
were made over a period of three months, several lots
had to be used: in fact, 10 or 11 lots of each of the
three liquid vaccines. For the dried vaccines there
was no necessity to include several lots, but neverthe-
less three to five lots were used for each vaccine; this
was done to avoid drawing conclusions from a single
lot that might have been unrepresentative.

Methods of vaccination

BCG ampoules containing 2 ml or more of vaccine
were used for seven vaccinations, whereas 1-mi
ampoules were used for six vaccinations only. Before
the work began all the ampoules to be used in the
study were arranged in random order and then pro-
vided with consecutive numbers. These numbers were
written on labels covering the original labels and
served as code numbers. It was planned to vaccinate
the same number ofchildren with each vaccine, except
that the two Indian vaccines were to be given to 20%,/o
more children.
The vaccine ampoules were used in the order of the

code numbers, the six or seven vaccinations from
each ampoule being given in succession. The vacci-
nations were given in the deltoid region of the left
shoulder, 0.1 ml of vaccine being injected slowly and
very superficially. All-glass syringes calibrated to
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FIG. 1

PERCENTAGE DISTRIBUTION BY SIZE
OF POST-VACCINATION TUBERCULIN REACTIONS

FOR EACH OF TEN BCG VACCINES
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The arrows indicate the mean diameter of induration for
each vaccine.

1/100 ml and gauge-26 platinum needles ½/2-in or
3¾-in (1.27 cm or 1.90 cm) long were used. Syringe
and needle were not used with a second vaccine
ampoule until they had been cleaned and sterilized.

Methods of evaluation
To evaluate the tuberculin sensitivity caused by

vaccination, each child was given a Mantoux test
8-10 weeks after vaccination: 2 TU of the tuberculin
product RT 23 (Statens Seruminstitut) was used in a
dilution containing 0.05 per mille of Tween 80. A

FIG. 2
PERCENTAGE DISTRIBUTION BY SIZE OF VACCINATION

LESIONS FOR EACH OF TEN BCG VACCINES
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The arrows Indicate the mean scar diameterfor each vaccine.

small volume (0.1I ml) of this tuberculin dilution was
injected intradermally into the dorsal aspect of the
lower right arm. The injection was made with all-
glass syringes, which were regularly checked for
tightness, or with Omega Microstat a syringes, which
are completely tight when used for intradermal
testing. Three or four days later the result of the test
was obtained by measuring the largest transverse
diameter of induration to the nearest millimetre.
During one of these visits the vaccination lesion was

a Omega Precision Medical Instrument Co. Inc., Passaic,
N.J., USA.



NOTES

TABLE 1

DISTRIBUTION BY SIZE OF TUBERCULIN REACTIONS AMONG SCHOOLCHILDREN
8-10 WEEKS AFTER VACCINATION WITH BCG VACCINE

Number of children with induration of stated diameter previously vaccinated with

Inter- Glaxo GI
national dried driedReferencel reference dried

2

2

8

6

10

17

21

10

7

2

6

94

18

112

2
1

1

2

1 3

3 3

6

2 2

4 4

6 5

8 8

1 1 19

8 13

9 6

13 12

16 14

8 5

1 5

3 3

4

1

98 116

9 11

107 127

17.3 15.0 14.6

2.6 3.9 4.2

Indian
dried
(D)

6

2

3

7

9

4

7

9

8

17

9

8

12

13

3

1

16

13

138

Indian
dried
(J)

3

4

2

4

3

13

5

9

14

16

6

12

16

4

2

4

4

125

19

144

Nor- SwdizshCzech | Danish Nor-
wegian Swdried liquad wegian
dried d re liudliquid liquid

2

5

1

2

4

5

9

7

14

15

8

8

4

2

3

91

15

106

12.9 12.9 15.7

3

2

2

2

4

4

10

13

13

6

16

2

4

101

13

114

13.8

2

4

16

5

5

2

5

5

4

3

8

6

6

8

4

4

5

6

3

104

9

113

9.4

4.5 4.8 3.6 4.4 6.0

2

I

4

4

4

11

13

22

12

11

4

4

95

14

109

17.6 18.2

3.2 2.7

Diameter of
induration
(mm)

0

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

> 25

Total tested

Not tested

Total vaccinated

Mean size of
reactions (mm)

Standard
deviation (mm)

2

6

2

9

19

16

15

5

6

6

2

3

93

12

105
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TABLE 2
DISTRIBUTION BY SIZE OF VACCINATION LESIONS AMONG SCHOOLCHILDREN

8-10 MONTHS AFTER VACCINATION WITH BCG VACCINE

Number of children with scar of stated diameter previously vaccinated with

of scar Inter-
in

Glaxo al| Indian Indian Nor- Swedish Czecho- Danish Nor-
omm) national dried Glaxo dried dried wegian dried slovak liquid wegian

Reference reference dried (D) (J) dried liquid liquid

0 2 11 3

1 2 3 2 7

2 1 3 13 10 4 22 3

3 1 11 26 23 27 1 6 21 2 3

4 5 27 36 26 29 6 17 27 14 1

5 19 30 24 39 35 15 30 16 34 17

6 40 10 7 17 29 11 24 6 26 19

7 22 9 5 7 6 31 14 3 9 24

8 9 3 1 18 3 5 20

9 2 11 2 2 3

10 1 2 1

> 1 2 2

Total examined 99 95 116 124 133 97 97 105 92 93

Not examined 13 12 11 14 11 9 17 8 17 12

Total vaccinated 112 107 127 138 144 106 114 113 109 105

Mean size of
scars (mm) 6.1 4.7 3.9 4.4 - 4.6 6.9 5.4 3.4 5.5 6.5

Standard
deviation (mm) 1.2 1.4 1.4 1.4 1.4 1.6 1.4 1.6 1.2 1.7

also inspected, but the results of this examination are
not given here.

Eight months to one year after vaccination the
children were seen again. On this occasion the largest
transverse diameter of the scar was measured.

Results

Data on the post-vaccination tuberculin sensitivity
are given in Table 1, which shows the distribution by
size of the tuberculin reactions for each vaccine. A
detailed analysis of the results for each vaccine lot
has shown that there were no significant differerences
between the lots of the vaccines, except for the Indian
vaccine prepared from the Japanese strain: of the six
lots of this vaccine used, one gave considerablylower
results than the other five. The percentage distri-
butions, by size, of the post-vaccination tuberculin

reactions to each of the ten vaccines used are shown
graphically in Fig. 1.
Most of the dried vaccines produced a high level

of tuberculin sensitivity, only the vaccines prepared
in Madras from Danish and Japanese strains giving
somewhat lower results. Among the liquid vaccines
assayed, that from Czechoslovakia showed very low
tuberculin sensitivity as compared with the Danish
and Norwegian vaccines.
Data on the vaccination lesions are given in Table 2

and are illustrated graphically in Fig. 2. Practically
all the vaccinated children, including those who
received vaccines giving low tuberculin sensitivity,
had a vaccination scar; on the other hand, very few
children had scars measuring 10 mm or more.
However, there were distinct differences between the
vaccines in relation to the resulting scar size, the mean
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NOTES

MEAN SIZE OF SCARS (mm)

size of scars ranging between 3.4 mm for the Czecho-
slovak liquid vaccine and 6.9 mm for the Norwegian
dried vaccine.
There was a definite correlation between the degree

of tuberculin sensitivity and the size of vaccination
lesions produced by these vaccines. This is seen from

FIG. 3

CORRELATION BETWEEN MEAN SIZE
OF VACCINATION SCARS AND MEAN
SIZE OF TUBERCULIN REACTIONS
(INDURATIONS) FOR TEN
BCG VACCINES

Fig. 3, which relates the mean size of tuberculin
reactions (from Table 1) and the mean size of
vaccination scars (from Table 2) for each vaccine.
Broadly speaking, the vaccines giving the highest
tuberculin sensitivity also gave the largest vacci-
nation scars.
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