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Although more than 50 million individuals have received BCG vaccine
since the end of the second World War, 12 the vaccines used have differed
and none may be considered to have been completely uniform or stable.'
In the circumstances, every effort should be made as far as possible to
standardize vaccine preparation and to control its potency. We undertook
to do this in 1946 when BCG vaccine production and distribution were
begun in New York.4 The present report summarizes the preparation,
tests of virulence, and tuberculogenic potency of 144 consecutive lots of
vaccine prepared weekly by our methods.3

1. BCG Cultures

The cultivation and harvesting of BCG cultures have followed methods
already described.3 Determination of pH of the Sauton cultures has been
carried out during the past two years, and of viable elements in each weekly
lot of vaccine for the past three years. Certain technical improvements
have been made in the harvesting device.5

1.1 Semidry and dry weight of 10- to 11-day-old Sauton II BCG cultures
The weight of BCG in a 10- to 11-day-old 160 ml Sauton II culture is

determined in the semidry and dry state. The culture is emptied into a
40-ml Buchner suction filter with a 30 mm medium-porous fritted disc,
which retains the smallest particles of BCG. Suction continues for exactly
10 minutes. After the semidry weight of BCG has been determined, the
filter is placed in a desiccator jar containing calcium chloride and two
Petri-plates filled with potassium pentoxide powder; the jar is tightly
closed by inducing vacuum. The potassium pentoxide powder is changed
daily until the dry BCG presents a constant weight. When the semidry
and dry weights of BCG were grouped together into 36-weekly lots for
the purpose of statistical analysis, the data presented in table I were
obtained. It will be noted that a tolerable stability prevails in the pooled
semidry (general mean X=5.952 g ; standard deviation s'=0.578 g), and dry
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(general mean =1.5X37 g ; standard deviation s'=0.174 g) weights of
BCG throughout the three-year observation period, with one significant
upward deviation in both the semidry and dry weights and one significant
downward deviation in the latter from the general mean weights. It is
interesting to note, however, that the weight curve of BCG shows a slight
upward trend, although the media and cultural procedures have remained
unaltered. The general mean ratio of semidry to dry BCG vaccine is
3.87 :1.

TABLE I. STATISTICAL ANALYSIS OF SEMIDRY AND DRY
WEIGHT (g) OF BCG HARVESTED FROM 160 ml OF SAUTON'S

MEDIUM AFTER 10-11 DAYS' INCUBATION AT 37.50 C

Mean weight of BCG (g)
Weekly lots

of BCG vaccine
semidry dry

1- 36 weeks 5.793 1.479

37- 72 weeks 5.750 1.442*

73 - 108 weeks 6.19ot 1.588

109- 144 weeks 6.094 1.649t

X 5.952 1.537

sI (0.578) (0.174)

H0.01 6.165 1.602

Lo. 01 5.738 1.473

36 consecutive weekly cultures in each group

* Value of the submean is less than L,.o1.
t Value of the submean is greater than Ho. o.

Note: If X represents each observation and N the number of observations, then
XX

X =_-N

2
z (X - X) 2

52 N

(SI) 2 _ (X X) 2 the " optimal estimate" of the variance of X(N-i1)
The notation is essentially the same as that used by Rider 15 and Thompson,16 but
Fisher 10 uses s instead of the present s'. The tau (T) criterion is used as described by
Thompson to test the significance of difference between a submean of k observations
and the general mean X of all N observations. For brevity, let

/ N-k
Tk - (P,N,k) Vk (N-l) T (P, N, 1)

Then the limits (X + s k ) are such that the probability in conventional normal varia-

tion that a submean of k observations will lie above the upper limit (Hp) is 2 and that

it will lie below the lower limit (Lp) is likewise. An example of similar use of the
2

-r criterion is given by Cramer 8 (pages 389, 465).
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Thus for the past three years, each weekly lot of 20 mg/ml vaccine by
semidry weight for transcutaneous vaccination is estimated to contain
about 5 mg dry BCG organisms per ml and the 1 mg/ml vaccine by semi-
dry weight for intracutaneous vaccination about 0.25 mg dry BCG organ-
isms per ml.

FIG. 1. HARVESTING AND DISPENSING APPARATUS FOR BCG VACCINE

Apparatus showing 20 mg/ml BCG vaccine in left cylinder and I mg/ml vaccine in right cylinder,
with motor and diluting-fluid flask in place.

1.2 pH values in 10- to 11-day-old Sauton II BCG cultures
Determination of the pH in 10- to 11-day-old Sauton II BCG cultures

has been made regularly in 106 consecutive weekly lots of cultures. The
Sauton medium is adjusted to pH 7.4 with ammonium hydroxide; after
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autoclaving, the pH is usually reduced to approximately 7.2, which ap-
parently is ideal for maximum growth of BCG during the 10- to 11-day
incubation period. Using colorimetric methods, we have observed no
significant deviations in the pH curves when grouping individual weekly
cultures together in lots of 36. The general mean is pH 7.046 and the
standard deviation 0.248 for the 106-week observation period. This closely
follows our earlier data on pH and growth of BCG in Sauton's medium.2

1.3 Alterations in processing BCG vaccine
The lack of a wholly acceptable vaccine preparation should not prevent

such improvements as are possible within the formula originally established
by Calmette,7 and, with this in mind, efforts to improve the processing of
BCG vaccine have been under way during the past three years. A motorized
grinding-mill (60 revolutions per minute) has been installed in our harvesting
apparatus (see fig. 1). This device assures uniform homogenization of
the vaccine under strictly aseptic conditions within a closed system. The
grinding period is five minutes for the semidry BCG mass and a similar.
period after sufficient diluent fluid is added to cover the steel balls ; at this
time the final amount of diluent fluid is added to make up a 20 mg/ml
vaccine ; suspension and homogenization is continued for two minutes.
This grinding schedule assures a fine suspension of BCG elements without
impairing their viability or tuberculogenic potency.

The diluent recommended by Calmette consists of one part Sauton's
medium (containing 7.5% glycerol by weight) and three parts distilled
water. We have observed that this fluid exerts a slight bactericidal action
on BCG during storage, due to its glycerol content. After numerous
trials, Calmette's diluent has been replaced by a solution containing one
part Sauton's medium without glycerol and three parts phosphate buffer
solution pH 7.2. This exerts little or no vitiating action on BCG during
the prescribed 10-day period of the vaccine's usefulness-provided the
vaccine is kept at 20-40 C-and is, moreover, better tolerated during the
intracutaneous inoculation in man than the hypotonic diluent recommended
by Calmette.

For the purpose of controlling contaminations with Gram-positive and
certain Gram-negative micro-organisms during repeated aspirations of
vaccine from the same vial, 20 units of sodium penicillin per ml of vaccine
were added. This does not affect BCG's viability or tuberculogenic potency.

1.4 Viability of BCG vaccine
Microscopic examination of the 20 mg/ml and 1 mg/ml BCG vaccines

reveals small clumps of bacilli mixed with the more uniformly dispersed
ones. Attempts to assess the actual number of viable individual BCG
organisms per ml of vaccine suspension would, therefore, seem futile by
cultural methods. For comparative purposes, however, such standardized
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procedure will yield parallel counts of colonies from lot to lot. The number
of viable aggregates of BCG in each weekly lot of vaccine is determined
by serial tenfold dilutions of the freshly prepared 1 mg/ml BCG vaccine
in physiological saline solution. One ml from each of the 10-6 and 10-7
dilutions is seeded out in 0.2 ml aliquots on five tubes of Lowenstein's
egg medium. The cotton-plugged tubes are incubated at 37.50 C in the
horizontal position to ensure even distribution of the liquid during the
4- to 5-hour drying period. The tubes are then sealed with rubber stoppers
and inverted to prevent scattering of eventual growing colonies by droplets
of condensation water settling on the medium. Final reading of colonies
is made two months later. Table II summarizes the number of BCG
colonies cultured from 1 ml of the 10-6 dilution of 144 consecutive weekly
lots of the 1 mg/ml BCG vaccine. It is noted that a tolerable stability
prevails in the mean number of BCG colonies for groups of 36-weekly
lots of vaccine, with a general mean of 43,868,000 viable aggregates of
BCG and a standard deviation of 8,603,000 colonies per mg of semidry
vaccine during the three-year observation period.

TABLE II. STATISTICAL ANALYSIS OF
NUMBER OF COLONIES CULTURED ON

LOWENSTEIN'S MEDIUM FROM 10"
SUSPENSION OF I mg/ml BCG VACCINE
SUSPENDED IN PHYSIOLOGICAL SALINE

SOLUTION

Weekly lots Mean number
of BCG vaccine of colonies

1 - 36 weeks 43.95

37 - 72 weeks 47.81t

73 - 108 weeks 40.58*

109 - 144 weeks 43.14

X 43.868

sI (8.603)

Ho.01 47.046

Lo. 01 40.690

360 cultures in each group

* Value of the submean is less than Lo,,.1
t Value of the submean is greater than Ho.o,.
See note to table 1, page 228.

The survival-rate of BCG vaccine stored at 20-40 C has been determined
by the same procedure.6 Approximately 90% of the BCG aggregates
remained viable in 3-day-old vaccine, 80% in 1-week-old vaccine, 50%
in 3-week-old vaccine, and 30% in 6-week-old vaccine, while 2% survived
for 1 year.
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2. Tuberculogenic Potency and Virulence Tests in Animals

Tuberculogenic potency has been determined in guinea-pigs using both
intracutaneous and transcutaneous (multiple puncture) inoculations.
Challenge with tuberculin has followed accepted methods. The animals
were also used to determine the capacity of the vaccine to induce tuber-
culous hyperplasia in selected organs and tissues. This was done by
determining the weight of the spleen, liver, and lungs, and various lymph-
nodes including the groups adjacent to the site of the inoculum. In addi-
tion, reports have been received from physicians who have used the vaccine
in more than 10,000 individuals, and these data supply corroborative
evidence regarding the activity of the various lots of vaccine in man.

TABLE 1II. AVERAGE MAXIMUM DIAMETERS OF SKIN LESIONS OR PAPULES
AFTER INJECTION OF GRADED DOSES OF BCG VACCINE

Average maximum diameter* of skin lesion or papule (mm)
Dose of vaccine

(mg)
after one week after three weeks

0.1 5.62 ± 0.51 6.53 ± 0.51
(central necrosis) (increased central necrosis

and pus formation)

0.01 4.20 ± 0.57 5.24 ± 0.46
(irregular central necrosis) (central necrosis and

pus formation)

0.001 2.64 ± 0.42 3.32 ± 0.43
(no ulceration)

20/mI 1.85 0.26 2.75 + 0.29
(multiple puncture) (no central necrosis) (no ulceration)

* The number after a mean value and the + sign represents the "optimal estimate" s' of the
standard deviation.

2.1 Intracutaneous and transcutaneous skin reactions
Jensen's technique13 for determining BCG's tuberculogenic potency

in guinea-pigs inoculated intracutaneously with graded doses of vaccine
has been supplemented with transcutaneous inoculation, using 20 mg/ml
BCG vaccine. The average maximum diameters of skin lesions induced
after one week and three weeks in the course of 144 consecutive weekly
inoculations are given in table III. The regional lymph-nodes in the groin
and axilla became markedly enlarged during the second week after inocula-
tion, but at no time broke down with ulceration. When respective measure-
ments were grouped together into 36-weekly lots, for the purpose of
statistical analysis, it was observed that their variations appeared tolerable
and within the range of biological variation. It is apparent, therefore,
that BCG's tuberculogenic potency, as determined by intracutaneous and
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transcutaneous skin lesions with graded doses of vaccine, is relatively stable
for vaccine produced by our standardized methods.

2.2 Growvth of BCG-inoculated animals
For every lot of BCG vaccine prepared weekly during the past three

years, two tuberculin-negative guinea-pigs were each injected subcutane-
ously in the left hind leg with 0.5 ml of the 20 mg/ml vaccine, or 10 mg
semidry weight of BCG. The average weight of these animals, destined
to be killed three months after inoculation, was 344 ±31.45 g, and of those
to be killed six months after inoculation, 343 ± 29.05 g. When the animals
were pooled into groups of 36 for statistical analysis, no significant devia-
tions in mean body weight were seen during the period of observation.
The general mean body-weight of animals killed three months after inocula-
tion was 654.156 + 64.382 g, and of animals killed six months after inocula-
tion, 796.424±78.302 g. It may be concluded, therefore, that the infection
induced in normal guinea-pigs with 10 mg BCG vaccine does not interfere
essentially with the animals' growth curves.

2.3 Tuberculin hypersensitivity in BCG-inoculated animals
The degree of tuberculin hypersensitivity induced in guinea-pigs injected

subcutaneously with 10 mg BCG vaccine was determined with 10 mg
Old Tuberculin (OT) suspended in 0.1 ml phosphate buffer solution and
injected intracutaneously in the shaven belly. Reading of induration was
done 48 hours later. One month after BCG inoculation, the average
maximum diameter of induration was 335 ± 89.21 mm2; three months
after, 385 ± 90.41 mm2, and six months after, 343 ± 76.33 mm2. Tuberculin
hypersensitivity is regularly present one month after BCG inoculation,
its maximum intensity is reached in approximately three months, and it
remains almost stationary up to six months after inoculation. It is apparent
that each lot of vaccine prepared during the past three years possesses
similar allergenic potency since no significant deviations in the 36-week
mean measurements of induration induced by a standard dose of tuberculin
were observed.

2.4 Volume ofBCG inoculum abscess
A cold abscess develops regularly at the site of the BCG inoculum in

the guinea-pig's left thigh. This abscess usually remains intact until the
animal is killed. Occasionally it fistulates through the overlying skin;
after its caseonecrotic content is evacuated, the local lesion heals completely.
The size of the BCG inoculum abscess varies from that of a small pea to
a pigeon's egg; its average volume was 3.08±2.02 ml in animals killed
three months after inoculation, and 2.54±2.84 ml in animals killed six
months after. The volume of the largest BCG inoculum abscess observed
measured 22.15 ml. Caseous material nearly always yields a sparse crop
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of BCG colonies when cultured on Lowenstein's egg medium. Repeated
reinoculation of these cultures into normal guinea-pigs has failed to show
any enhanced virulence.

2.5 Volume of regional lymph-nodes in BCG-inoculated animals
Tuberculous hyperplasia invariably occurs in the chain of lymph-nodes

which drain the BCG inoculum abscess in the guinea-pig's left thigh, while
distantly located lymph-nodes are rarely involved. In animals killed three
months after inoculation, the left superficial and deep inguinal and the para-
iliac lymph-nodes presented a general mean volume of 0.1912±0.1097 ml,
0.0425±0.0321 ml, and 0.1522+0.0781 ml respectively during the three-
year observation period. The data given in table IV show, in the groupings
for 36-weekly lots of vaccine, a trend towards significant increments in the
volumes of the left deep inguinal and the para-iliac lymph-nodes.

TABLE IV. STATISTICAL ANALYSIS OF VOLUME OF LYMPH-NODES ADJACENT
TO BCG FOCUS IN LEFT HIND-LEG OF GUINEA-PIGS KILLED THREE MONTHS

AFTER SUBCUTANEOUS INOCULATION WITH 10 mg OF BCG

Mean volume of lymph-nodes (ml)

Weekly lots of BCG vaccine
Left superficial Left Left

inguinal deep inguinal para-iliac

1 - 36 weeks 0.1519 0.0200* 0.1139*

37 - 72 weeks 0.1681 0.0353 0.1292

73-108 weeks 0.2189 0.0522 0.1839t
109-144 weeks 0.2258 0.0625 t 0.1819 t

X 0.1912 0.0425 0.1522

s' (0.1097) (0.0321) (0.0781)

H0..1 0.2317 0.0544 0.1811

Lo o1 0.1507 0.0307 0.1234

36 animals in each group

* Value of the submean is less than L0.o1.
t Value of the submean is greater than Ho.o1.
See note to table 1, page 228.

In animals killed six months after inoculation, these lymph-nodes
presented general mean volumes of 0.2091 ±0.1002 ml, 0.0424±0.0395 ml,
and 0.1619 ±0.1037 ml respectively. When the mean volumes of these
lymph-nodes are pooled into groups for 36-weekly lots of vaccine, as shown
in table V, a similar trend towards increasing hyperplasia is observed in
these three sets of regional lymph-nodes.

This trend towards increasing tuberculous hyperplasia in lymph-nodes
draining the BCG inoculum abscess would probably not have been detected
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TABLE V. STATISTICAL ANALYSIS OF VOLUME OF LYMPH-NODES ADJACENT
TO BCG FOCUS IN LEFT HIND-LEG OF GUINEA-PIGS KILLED SIX MONTHS AFTER

SUBCUTANEOUS INOCULATION WITH 10 mg OF BCG

Mean volume of lymph-nodes (ml)

Weekly lots of BCG vaccine
Left Left Left

superficial inguinal deep inguinal para-iliac

1 - 36 weeks 0.1625* 0.0253* 0.1119*

37- 72 weeks 0.1550* 0.0203* 0.1450

73 - 108 weeks 0.2419 0.0514 0.1911

109 - 144 weeks 0.2772 t 0.0728 t 0.1997

X 0.2091 0.0424 0.1619

s' (0.1002) (0.0395) (0.1037)

H0.1L 0.2462 0.0570 0.2002

Lo. 01 0.1722 0.0278 0.1236

36 animals in each group
* Value of the submean is less than L,.,,.
t Value of the submean is greater than Ho.ol.
See note to table 1, page 228.

save for the volumetric measurements of individual lymph-nodes. It is
important to note, however, that during the three-year observation period
no significant deviations have been observed in the weight of the total
pooled lymph-nodes enumerated in my previous paper.3 Data are already
available on 46 successive weekly lots of vaccine and these suggest that a
regression is taking place in the volume of the above-mentioned three sets
of regional lymph-nodes (see fig. 2). Dry glucose BCG vaccine is also
available from the first weekly lots, which about four years later had been
recultured and which is now in process of in vitro and in vivo comparison
with current subcultures of BCG. Thus it is hoped eventually to be able
to ascertain whether or not the trend, observed in successive lots of vaccine,
towards the induction of significant increments of lymphonodular hyper-
plasia in regional nodes is a transitory phenomenon. It should be empha-
sized, however, that cultures recovered from the involved lymph-nodes have
failed consistently to produce progressive tuberculosis upon reinoculation
into normal guinea-pigs.

2.6 Weight of the spleen, liver, lungs, and total pooled lymph-nodes in
BCG-inoculated animals

Although it is believed that a generalized dissemination of BCG
elements follows parenteral inoculation, our study has shown that macro-
scopic tuberculous lesions are effectively localized in the regional lymph-

8
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FIG. 2. MEAN VOLUME OF LEFT SUPERFICIAL, DEEP INGUINAL, AND PARA-ILIAC
LYMPH-NODES OF GUINEA-PIGS KILLED THREE AND SIX MONTHS AFTER
SUBCUTANEOUS INJECTION IN LEFT HIND-LEG WITH 10 mg OF 144 CONSECUTIVE

WEEKLY LOTS OF BCG VACCINE

VOLUME OF LYMPH-NODES

A

B

C

BCG LOTS 1-12 24 36 48 60 72 84 96108120132144
AFTER 3 MONTHS

1-12 24 36 48 60 72 84 96 108120132144 WEEKS
AFTER 6 MONTHS

A Left superficial inguinal nodes
B = Left deep inguinal nodes
C Left para-iliac nodes
* Average 0 Sigma

TABLE VI. STATISTICAL ANALYSIS OF WEIGHT/BODY-WEIGHT PERCENTAGE
OF THE SPLEEN, LIVER, AND LUNGS OF GUINEA-PIGS KILLED THREE MONTHS

AFTER SUBCUTANEOUS INOCULATION WITH 10 mg OF BCG

Weight/body-weight percentage

Weekly lots of BCG vaccine
spleen liver lungs

1 - 36 weeks 0.1099 4.4186* 1.0321 t

37 - 72 weeks 0.1204 5.1471 t 0.9599

73-108 weeks 0.1157 5.0261 0.8856

109 - 144 weeks 0.1091 4.4763 0.8543 *

X 0.1138 4.7670 0.9330

s' (0.0243) (0.8698) (0.2011)

H0.01 0.1228 5.0883 1.0073

Lo 01 0.1048 4.4458 0.8587

36 animals in each group
* Value of the submean is less than L0.01.
t Value of the submean is greater than Ho.o1.
See note to table 1, page 228.
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nodes which drain the BCG inoculum site. To detect hyperplastic changes
in the viscera of the inoculated animals, we have followed the procedure
of weighing the spleen, liver, lungs, and the pooled lymph-nodes, and
converting these weights into percentages of the animal's body-weight.
These data are presented in tables VI and VII and in fig. 3.

TABLE VIl. STATISTICAL ANALYSIS OF WEIGHT/BODY-WEIGHT PERCENTAGE
OF THE SPLEEN, LIVER, AND LUNGS OF GUINEA-PIGS KILLED SIX MONTHS

AFTER SUBCUTANEOUS INOCULATION WITH 10 mg OF BCG

Weight/body-weight percentage

Weekly lots of BCG vaccine
spleen liver lungs

1 - 36 weeks 0.1007 4.2438 0.9179 *

37- 72 weeks 0.0949 4.6756 0.9163 t

73 - 108 weeks 0.0943 4.6876 0.7739

109 - 144 weeks 0.0932 4.2664 0.7029*

X 0.0958 4.4684 0.8278

st (0.0252) (0.7953) (0.1949)

H0.01 0.1051 4.7621 0.8996

Lo. 01 0.0864 4.1746 0.7558

36 animals in each group
* Value of the submean is less than L0.01.
t Value of the submean is greater than Ho.ol.
See note to table 1, page 228.

In animals killed three months after inoculation, the general mean
weight of the spleen was 0.1138+0.0243%, the liver, 4.7670±0.8698%,
the lungs, 0.9330±0.2011 % and the pooled lymph-nodes (data for which
are not given in tables VI or VII), 0.1809±0.0532% of the animal's body-
weight. It will be noted in table VI that the variations from this general
mean percentage for each respective organ are tolerable throughout the
three-year period of observation.

In animals killed six months after inoculation, the general mean weight
of the spleen was 0.0958 ±0.0252%, the liver, 4.4684± 0.7953 %, the lungs,
0.8278±0.1949%, and the pooled lymph-nodes, 0.1683±0.0211% of the
animal's body-weight. Again, although considerable variation was observed
in the mean percentages of these organs throughout the three-year period
of observation, it seems that this may be considered tolerable.

Among a total of approximately 500 guinea-pigs employed in this study
for the determination of BCG's relative avirulence, progression of the
inoculum tuberculous process to the internal organs and lymph-nodes was
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FIG. 3. MEAN WEIGHT OF SPLEEN, LIVER, AND LUNGS OF GUINEA-PIGS KILLED
THREE AND SIX MONTHS AFTER SUBCUTANEOUS INJECTION IN LEFT HIND-

LEG WITH 10 mg OF 144 CONSECUTIVE WEEKLY LOTS OF BCG VACCINE

WEIGHT OF ORGANS
0.20-
0.15 SPLE EN
IO010 l l

0.0

UJ

3: L I V ER

4.-

0

BCGLOTS l-12 24 3648 60 72 84 96108120132144 -12246 48^60728496 10812013 94 WEEKS
AFTER 3 MONTHS AFTER 6 MONTHS

observed in three animals, respectively inoculated with vaccine lots A-5Sl,
A-60, and B-86. Each of these animals suffered with sub-acute or chronic
staphylococcus or streptococcus respiratory infections which produced
progressive malaise and general wasting. Microscopic sections revealed
epithelioid tubercles with or without caseation necrosis in the spleen, liver,
lungs, and distant lymph-nodes. Sub-inoculation of recovered acid-fast
bacilli into normal guinea-pigs failed to produce progressive tuberculosis.
Similar progressive lesions have been produced under laboratory conditions
when BCG vaccine was injected in sufficient amounts into mice maintained
on deficient diets,9 into guinea-pigs whose tissue reaction had been altered
by inhalation of quartz particles,17 and into hamsters.11 Otherwise, no
macroscopic tuberculous lesions have been observed in the spleen, liver,
lungs, or distant lymph-nodes of the remaining animals employed in this
study. It is apparent, therefore, that the regional lymph-nodes which drain
the BCG inoculum abscess are able to localize the rather large inoculation
of 10 mg vaccine which contains approximately 45 million living aggregates
of acid-fast micro-organisms at the time of inoculation.

3. BCG's Tuberculogenic and Allergenic Potency in Man

From January 1947 to January 1951 the Division of Tuberculosis
Control in the New York State Department of Health has received 11,479
official records of completed BCG vaccination, post-vaccination tuberculin
control, and, in most instances, chest x-ray examination in New York State.
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Whenever possible, all BCG-vaccinated persons will be followed-up for at
least five to ten years with half-yearly chest x-ray examination and annual
tuberculin-tests. Repetition of the tuberculin-tests at yearly intervals
enables those who revert from a positive to a negative status to be identified
and revaccinated.

The vaccine prepared for intracutaneous injection contains 1.0 mg/ml
BCG, and the vaccine used for multiple puncture contains 20 mg/ml BCG.
Both types of vaccine are prepared every Monday, and are distributed gratis
the following day after the vaccine has passed all purity tests. It is recom-
mended that the vaccine should not be used later than ten days after its
preparation.

For the present, BCG vaccine is distributed within New York State to
local full-time health departments, medical colleges and teaching hospitals,
superintendents of public tuberculosis hospitals, and directors of tuber-
culosis clinics. It is also distributed to additional hospitals and institutions
with specially trained physicians who have been designated by the State
Commissioner of Health to administer BCG vaccine.

The vaccine is recommended for use in selected groups as follows
negative reactors to 0.0002 mg purified protein derivative (PPD) or 0.1 mg
Old Tuberculin (10 TU): (a) in groups occupationally exposed, such as
nurses, medical students, and hospital personnel ; (b) in population groups
with high tuberculosis morbidity- and mortality-rates ; (c) where there has
been a known exposure to tuberculosis or where an exposure is likely to
occur, as in households of patients returning from hospitals or sanatoria.

The local reactions following the intracutaneous vaccination method
with 0.1 mg BCG and the multiple puncture method with 20 mg/ml BCG
have varied within one group of vaccinated persons, doubtless because of
the age of the vaccine, and variations in the skin and in the depth of
inoculation. Local adenopathies and suppurating abscesses rarely occur
unless the vaccine is injected subcutaneously, when more-severe local
reactions may result. On the whole, the same remarkable regularity in
local skin reactions to BCG vaccination occurs in man as was observed,
and is detailed above, in the experimental animal. General reactions, such
as fever and malaise in connexion with a strong local reaction, are rare
and seem to be unimportant. During the past four years of BCG vaccine
distribution, we have received no valid clinical proof to support the conten-
tion that our vaccine is harmful in man. Several cases of primary tuber-
culosis have been reported in individuals who doubtless were vaccinated
with BCG during the pre-allergic phase. Cultures from the expectoration and
gastric lavage of such cases have killed guinea-pigs but not rabbits with
generalized tuberculosis. The finding ofhuman tubercle bacilli is not in itself
proof that the concurrent vaccination with living BCG micro-organisms
could not have exacerbated and aggravated the virulent infection. It does ex-
onerate the,BCG vaccine, however, as the cause of the tuberculous pathology.
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The average tuberculin conversion rate after a successful BCG vaccina-
tion, performed by either the intracutaneous or multiple puncture methods,
is above 90% within two to three months after vaccination. In view of
the fact that the degree of tuberculin sensitivity induced by BCG in man is
approximately 10 times less than that induced by a spontaneous virulent
infection,14 we have recommended 0.1 mg Old Tuberculin (10 TU) or
0.0002 mg PPD as pre- and post-vaccination test material. Interpretation
of the test should be made between 48 and 72 hours afterwards, and a
reaction to tuberculin should not be interpreted unless there is a definite
induration or oedema present of at least 6-8 mm diameter, regardless of
whether or not redness is present.
A sample of the BCG work in New York State reported to the Division

of Tuberculosis Control between 1 July 1950 and 28 February 1951 is given
in table VIII according to institutions, and in table IX according to BCG
vaccine lot numbers. Of those tested before BCG vaccination, one-third
were tuberculin positive. Because of the incompleteness in reporting, the
true proportion of negative and positive reactors may have been different
from that indicated. Of the 2,324 negative reactors 2,306, or 99.20%, were

TABLE Vil. BCG WORK REPORTED IN NEW YORK BETWEEN 1 JULY 1950
AND 28 FEBRUARY 1951, ACCORDING TO INSTITUTIONS

Tuberculin re- Tuberculin reaction
action before after vaccinationvaccination Number afevcinto

Institution vacci -

posi- nega- nated posi- nega- % posi-
tive tive tive tive tive

Albany Hospital ..... ...... 0 121 121 96 9 91.4
Amsterdam City Hospital ....... 18 21 21 17 2 89.5
St. Jerome Hospital ..... . . . . . 0 12 12 12 0 100.0
Montefiore Hospital for Chronic Diseases 0 18 18 10 2 83.3
Edward J. Meyer Memorial Hospital 10 60 60 59 1 98.3
Central Islip State Hospital . 10 9 7 2 0 100.0
Adelphi College ..... . . . . . 0 9 9 8 1 88.9
Hermann M. Biggs Memorial Hospital 78 109 109 91 0 100.0
Our Lady of Victory . 10 24 24 20 4 83.3
Mount Morris Tuberculosis Hospital 0 15 15 15 0 100.0
New Rochelle Hospital .... . . . . 0 24 24 19 3 86.4
Bellevue Hospital ..... . . . . . . 54 100 96 65 30 68.4
Brooklyn Hospital ..... . . . . . . 4 41 41 20 21 48.8
Columbia University ..... . . . . . 83 151 140 101 38 72.7
Harlem Health Center .... . . . . . 501 377 377 292 0 100.0
Manhattan State Hospital .... . . . 17 21 21 5 0 100.0
State University Medical Center 0 41 41 39 2 95.1
Homer Folks Tuberculosis Hospital 0 115 115 68 13 84.0
Hudson River State Hospital ..... 47 55 55 46 6 88.5
Highland Hospital ..... . . . . . . 0 13 13 10 3 76.9
Rochester General Hospital .... 5 34 34 34 0 100.0
Strong Memorial Hospital .... 68 98 98 98 0 100.0
Trudeau Sanatorium . 0 8 8 7 0 100.0
Grasslands Hospital . 0 33 33 32 1 97.0
Wassaic State School .... . . . . . 0 671 671 617 12 98.1
Pilgrim State Hospital .... . . . . . 9 15 15 10 2 83.3
Sunny Acres Sanatorium . 190 129 128 118 5 95.9

Total . 1,104 2,324 2,306 1,911 155 92.5
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TABLE IX. BCG WORK REPORTED IN NEW YORK BETWEEN 1 JULY 1950
AND 28 FEBRUARY 1951, ACCORDING TO BCG-VACCINE LOT NUMBERS

Tuberculin reactionf
Tuberculin reaction
before vaccination

positive negative

21

5

72

56

0

10

0

38

0

93

10

29

60

40

93

26

28

17

42

12

24

29

35

21

11

26

68

36

7

22

35

12

118

8

1,104

20

34

84

38

24

35

13

84

18

26

24

27

74

51

90

14

49

18

69

23

19

21

21

54

7

91

80

60

10

99

815

57

169

6

Number
vaccinated

16

34

74

37

24

35

13

83

18

26

24

27

74

51

90

14

49

18

69

23

19

21

21

54

7

91

80

60

10

99

813

57

169

6

Tuberculin reaction after
vaccination

positive negative % positive

3

34

51

32

19

32

10

68

11

26

20

25

57

40

86

4

39

12

62

5

16

21

11

44

7

61

67

8

10

87

738

54

146

5

13

0

23

5

3

0

3

9

7

0

4

0

14

1
0

0

3

0

4

0

0

0

0

4

0

30

6

0

0

3

22

0

0

2,324 2,306 1,911 155 92.5

BCG
lot

number

B - 64

A - 72

A - 75

A - 77

B - 77

A - 81

B - 81

A -82

A - 84

B-84

A - 85

B - 85

A - 86

B - 86

A- 87

B - 87

A - 88

B-88

A - 89

B - 89

A- 90

B - 90

A - 91

B -91

A - 92

B - 92

A - 93

B - 93

A- 94

B - 96

A - 97

B - 97

A - 98

A -100

18.8

100.0

68.9

86.5

86.4

100.0

76.9

88.3

61.1

100.0

83.3

100.0

80.3

97.6

100.0

100.0

92.9

100.0

93.9

100.0

100.0

100.0

100.0

91.7

100.0

67.0

91.8

100.0

100.0

96.7

97.1

98.2

100.0

100.0

Total



K. BIRKHAUG

BCG-vaccinated. The reaction to a tuberculin-test was indicated in 2,066,
or 89.6% of those vaccinated. To what extent the difference of 10.4%
is due to persons dropping out of the programme, or to incompleteness in
reporting, cannot be determined. Of the 2,066 whose tuberculin reaction
after vaccination is indicated, 1,911, or 92.5%, were positive and 155, or
7.5 %, negative. It may be reasonably assumed that if all persons vaccinated
had been retested and their reactions noted, the percentage of positive and
negative reactors would not have been greatly different from that shown
above.

Besides supplying the New York State demands for BCG vaccine, the
Division has furnished vaccine to several projects conducted by the United
States Public Health Service in the Philippine Islands, Puerto Rico, the
USA, and the Virgin Islands. It is roughly estimated that approximately
one million persons have already been vaccinated in these various regions
with our vaccine which is sent abroad by air-mail in thermos containers
at 20-40 C. Viability tests performed regularly in Manila on each lot of
vaccine at arrival prove that very little reduction in living organisms takes
place during the three to five days' transit. The local vaccination reactions
and the tuberculin conversion rates have also closely followed those reported
in New York. No untoward reactions suggesting an enhancement in
BCG's avirulence have been reported to date from any of these mass
vaccination projects outside the USA.
A detailed analysis of the New York State BCG-vaccination programme

will in time be published by the Division of Tuberculosis Control which
is planning, whenever possible, to follow-up each vaccinated person for
at least five to ten years.

SUMMARY RI2SUMJ2

Consecutive weekly lots of BCG vaccine
produced in the New York State Depart-
ment of Health by uniform methods have
been assayed over three years for stability
and effectiveness. The results have been
analysed statistically.

By weighing BCG cultures grown on
Sauton's medium it has been estimated
that each weekly lot of 20 mg/ml vaccine
(semidry weight) for transcutaneous vac-
cination contains about 5 mg dry BCG
organisms per ml, and of 1 mg/ml vaccine
(semidry weight) for intracutaneous vac-
cination about 0.25 mg dry BCG organisms
per ml. Efforts have been made to improve
methods of processing BCG vaccine.

La stabilite et la vitalit6 de vaccins BCG
prepares par lots hebdomadaires au
New York State Department of Health,
selon des m6thodes uniformes, ont et6
mises a l'epreuve durant trois ann6es. Les
resultats ont fait l'objet d'une analyse
statistique.
La pesee de cultures de BCG developpees

sur milieu de Sauton a montre que le vaccin
a 20 mg/ml (poids mi-sec) pour vaccina-
tion par piquires multiples contient environ
5 mg de BCG sec par ml; le vaccin a
1 mg/ml (poids mi-sec) contient environ
0,25 mg de BCG sec par ml. Des efforts
ont ete faits pour ameliorer les procedes
de fabrication du BCG. Un des change-
ments apportes consiste 'a remplacer le
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Among the alterations introduced was the
replacement of Calmette's diluent by a
solution composed of one part Sauton's
medium without glycerol and three parts
phosphate buffer solution pH 7.2. Deter-
mination of the survival-rate has shown that
approximately 90% of the BCG bacillary
aggregates remain viable in three-day-old
vaccine, 30% in six-week-old vaccine and
2% after one year.
BCG tuberculogenic potency and virul-

ence, as determined by skin lesions in
guinea-pigs inoculated intracutaneously
and transcutaneously with graded doses
of vaccine, are relatively stable. The
average weight of guinea-pigs killed three
and six months after inoculation showed
that the infection induced in normal
animals with 10 mg BCG vaccine (semidry
weight) does not interfere essentially with
the animals' growth curves. Each lot
of vaccine prepared weekly over three
years possessed similar allergenic potency,
as appears from measurements of the
induration induced by a standard challenge
dose of tuberculin. Repeated reinocula-
tions of cultures from caseous material
taken from the abscess at the inoculum
site failed to show any enhanced virulence.
A trend towards significant increments in
the volume of the left deep inguinal and
the para-iliac lymph-nodes in guinea-pigs
inoculated with 10 mg of BCG has been
observed in the weekly lots of vaccine;
the cultures recovered from these nodes
have, however, failed consistently to
produce progressive tuberculosis upon
reinoculation into normal guinea-pigs.
An experimental comparison of current
subcultures with dry glucose BCG vaccine,
recultured after about four years, may
show whether or not this trend towards
lymphonodular hyperplasia is a transitory
phenomenon.

The spleen, liver, lungs, and pooled
lymph-nodes of BCG-inoculated guinea-
pigs have been weighed and the results
converted into percentages of the animals'
body-weight, to show possible hyperplastic
changes in the viscera. The variations
from the mean percentage for these
organs may be considered tolerable.

diluant de Calmette par une solution com-
posee d'une partie de milieu de Sauton
(sans glycerine) et de trois parties de
solution-tampon de phosphate, pH 7,2.

I1 a ete demontr6 que 90% des agregats
bacillaires restent vivants dans un vaccin de
trois jours, 30% dans un vaccin de six
semaines et 2% dans un vaccin age
d'une annee.

L'activite tuberculogenique et la viru-
lence, evaluees d'apres les lesions cutanees
du cobaye inocule par piqures multiples
ou par voie intracutanee avec des doses
croissantes de vaccin, se sont montrees
relativement stables. Le poids moyen de
cobayes sacrifi6s trois ou six mois apres
inoculation indique que l'infection pro-
voquee chez des animaux normaux par
injection de 10 mg de BCG (poids mi-sec)
n'a pas de repercussions profondes sur la
courbe de croissance des animaux. Les
lots de vaccin prepares chaque semaine
durant trois ans possedaient a peu pres
le meme pouvoir allergenique, ainsi que
le montrent les dimensions de l'induration
produite par une dose d'6preuve determi-
nee de tuberculine.
Des reinoculations repetees de cultures

de materiel caseeux preleve dans les abc6s
au point d'inoculation n'ont montre
aucune exaltation de la virulence du BCG.
Une tendance 'a 'augmentation de

volume des ganglions inguinaux profonds
gauches et para-iliaques s'est manifestee
chez les cobayes inocules avec 10 mg de
BCG. Les cultures provenant de ces gan-
glions, inoculees a des cobayes normaux,
n'ont cependant jamais produit de tuber-
culose progressive chez ces animaux. Les
experiences seront r6p6tees avec du BCG
sec glucose, remis en cultures apres
quatre ans environ; elles montreront si
la tendance 'a l'hyperplasie ganglionnaire
est un phenomene passager.
On a pese la rate, le foie, les poumons,

l'ensemble des ganglions de cobayes
inocules par le BCG et exprime les resul-
tats en pour-cent du poids du corps de
l'animal, afin de mettre en evidence
d'eventuelles modifications hyperplasiques
des visckres. Les variations autour du
pourcentage moyen, qui ont 6te observees,
peuvent etre consid6r6es comme accep-
tables.

243



244 K. BIRKHAUG

BCG's tuberculogenic and allergenic
potency in man has been assessed from
more than 11,000 official records, received
by the Division of Tuberculosis Control,
New York State Department of Health,
giving complete data on BCG vaccination
and post-vaccination tuberculin control,
and, in most instances, chest x-ray exami-
nation. On the whole, the same remark-
able regularity in local BCG-vaccination
skin reactions occurs in man as has been
observed in the experimental animal. No
valid clinical proof has been received to
support the contention that the vaccine
has been harmful to man.

L'activite tuberculogenique et allerge-
nique du BCG chez l'homme a ete evaluee
d'apres plus de 11.000 rapports officiels
regus par la Division of Tuberculosis
Control, New York State Department of
Health, donnant tous les renseignements
sur la vaccination au BCG, la reaction
postvaccinale A la tuberculine et, dans la
plupart des cas, l'examen du thorax aux
rayons X.
On a constate, d'une fagon generale,

une regularite remarquable dans les reac-
tions cutanees locales chez 1'homme,
comme chez l'animal d'experience. Aucune
preuve clinique valable n'a et fournie, qui
permette de conclure a la nocivite du BCG
pour l'homme.
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