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SYNOPSIS

Tuberculin is known to be adsorbed to containers and syringes.
In the present paper, the adsorption which takes place in the am-
poules has been studied in relation to the diluent for the tuberculin.

Adsorption was most evident in dilutions prepared with saline or
with phosphate buffer containing dextran. The inclusion in phos-
phate buffer diluent of small amounts of proteins or synthetic surface-
active agents decreased or prevented adsorption. A boric-acid sodium-
borate diluent containing gum arabic, previously recommended for
the preparation of stabilized tuberculin dilutions, was found to be
ineffective.

The most suitable diluent for the preparation of stable tuberculin
dilutions was a 0.0501oo solution of Tween 80 in phosphate-buffered
saline; this diluent appeared to prevent adsorption under a variety
of experimental conditions.

The inclusion of Tween 80 in the diluent had little or no effect on
the general storage stability of purified tuberculin.

Sensitization experiments in guinea-pigs, rabbits and humans
showed that no sensitization against Tween 80 need be feared when
a 0.0501oo solution of Tween 80 in phosphate buffered saline is used
in the preparation of tuberculin dilutions.

It has been shown that tuberculin, even when highly diluted, remains
fairly stable during storage. A solution of purified tuberculin containing 5
tuberculin units (TU) per 0.1 ml was observed to lose no more than 25% of
its activity when kept for 1 /2 years at 40C.1 However, variations in the
potency of tuberculin dilutions have been demonstrated (Guld, Magnus &
Magnusson, 1955; Magnus et al., 1956).2 For instance, when filled into
containers of various forms or materials, tuberculin dilutions have been
found to vary in potency (Magnus et al., 1956). Even when filled into
uniform ampoules, variations in potency have been observed between one
ampoule and another.' This instability is most evident in tuberculin from

I See article on page 765 of this number of the Bulletin.
'See article on page 783 of this number of the Bulletin.
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800 K. MAGNUSSON AND OTHERS

partially filled ampoules; tuberculin from completely filled ampoules is
consistently more potent than tuberculin from partially filled ampoules
(Guld, Magnus & Magnusson, 1955; Magnus et al., 1956).1 When partially
filled ampoules are shaken before testing, however, the potency of the
tuberculin is considerably increased.'

It has already been demonstrated (Magnus et al., 1956) that this insta-
bility is due to adsorption of the tuberculin to the surface of the container,
tests having shown that tuberculin can be removed from the container by
elution, and that there is a negative correlation between the amount re-
moved and the activity of the original material.'

The purpose of the present work is to elucidate the role played by the
diluent in this adsorption, and efforts have been directed especially towards
finding stabilizing diluents which are suitable for practical purposes.

Materials and Methods

The tuberculin dilutions to be tested were usually kept in brown am-
poules made of Jena glass, with a capacity of 23 ml and fitted with a rubber
cap. The ampoules were filled with 20 ml or 2 ml of tuberculin dilution and
kept at 2-4°C in a horizontal position until the contents were tested.

Tuberculins
RT 19-21. A purified tuberculin prepared at the Statens Seruminstitut

according to the method described by Lind (1947, 1948). 0.00002 mg of
RT 19-21 corresponds to 1 TU.

RT 22. A purified tuberculin prepared at the Statens Seruminstitut
according to the same method. 0.000013 mg of RT 22 is equal to 1 TU.

RT 23 and RT 23p. Purified tuberculin prepared at the Statens Serum-
institut, as described by Magnusson & Bentzon2 0.00002 mg of RT 23
(RT 23p) is equal to 1 TU.

PPD-S. The International Standard for the Purified Protein Derivative
of Mammalian Tuberculin. 0.000028 mg of PPD-S is equal to 1 TU.

OT. The International Standard for Old Tuberculin, which contains
100 000 TU per ml.

Diluents
Saline. Physiological saline.
Phosphate buffer. Isotonic phosphate buffer, pH 7.38 (1 litre of sterile

buffer contains 1.45 g of KH2PO4, 7.60 g of Na2HPO4, 2H20 and 4.8 g of
NaC1). 0./loo Chinosol is added to the buffer as preservative.

See article on page 783 of this number of the Bulletin.
See article on page 829 of this number of the Bulletin.



DILUENTS FOR STABILIZATION OF TUBERCULIN

Boric-acid sodium-borate buffer. Palitzsch buffer, prepared according to
Gottschall & Bunney (1938) as follows: M/20 sodium borate solution con-
taining 19.108 g of Na2B407, 10 H20 in 1 litre and an M/5 boric-acid sodium-
chloride solution containing 12.404 g of H3BO3 and 2.925 g of NaCl in
1 litre. Nine parts of the boric-acid sodium-chloride solution are added to
one part of the borate solution. pH, 7.2-7.4. Sterilization in an autoclave
at a pressure of 15 pounds per square inch (p.s.i.)-l kg per cm2 -for
20 minutes.

Gottschall & Bunney stabilizing diluent. Palitzsch buffer with 0.4 /00 gum
arabic. A 4% solution of gum arabic is prepared and autoclaved at a
pressure of 15 p.s.i. for 20 minutes. For preparing the diluent, 100 ml of
5 % phenol and 10 ml of the 4% gum arabic solution are added to 890 ml of
the borate buffer.

Stabilizing agents

Agar. Bacto agar (Difco).
Cetyltrimethylammonium bromide (CTAB). Cetavlon (Imperial Chemi-

cal (Pharmaceuticals) Ltd., Manchester, England).
Dextran. " DRJ 204" (Pharmacia, Copenhagen).
Gelatine. Bacto Gelatine (Difco).
Gum arabic. Powdered.
Human albumin. Prepared at the Statens Seruminstitut, according to the

method of Cohn, with minor modifications.
Peptone. Bacto peptone (Orthana, Copenhagen).
Sodium laurylsulfate (SLS). Hopkins & Williams, Chadwell Heath,

Essex, England.
Tween 80. Polyoxyethylene derivative of sorbitan mono-oleate (Atlas

Powder Company, Wilmington, Del., USA).

Determination of biological activity

The biological activity of the tuberculins was determined by intra-
cutaneous tests on white BCG-vaccinated guinea-pigs.

Animals weighing 400-450 g were vaccinated intracutaneously on the
abdomen with 0.1 ml of BCG vaccine containing 7.5 mg of BCG per ml.
Testing was carried out 4-11 weeks after vaccination.

Each animal received 8-10 test injections (of 0.1 ml), distributed at
random among the various injection sites on the sides and back of the
animal. The animals were clipped before injection and depilated before
their reactions were read.

The reading was done after 24 hours. Longitudinal and transverse
diameters of erythema and induration were measured with a ruler. The

4
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802 M. MAGNUSSON AND OTHERS

figures given in this study are based on the average of the induration measure-
ments. By using special suitable statistical designs, it was possible to correct
the results for individual variations in the sensitivity of the animals. A more
detailed description of the principles of these designs is given by Waaler
et al.1

Experimental Studies

Stabilization of tuberculin dilutions

Studies on stabilization of 5 TU dilutions of purified tuberculin

Screening experiment. Diluted protein solutions are usually stabilized
with other proteins, e.g., gelatine, egg albumin, etc. (Adams, 1948). As
regards tuberculin, Gottschall & Bunney (1938) tested the stabilizing effect
of a number of compounds and found that, in addition to proteins, the
polysaccharides gum arabic and agar were effective.
A fairly broad screening experiment was therefore carried out to com-

pare the stabilizing effect of proteins, polysaccharides, surface-active com-
pounds, etc. 5 TU dilutions of RT 19-21 were used, since this preparation is
known to be very easily adsorbed (Magnus et al., 1956). Dilutions with the
various agents were filled into ampoules to capacity (20 ml) and to one-
tenth of capacity (2 ml), and stored for one day at 2-4°C before the activity
was measured. The results are shown in Table 1.

As mentioned previously, the instability of a tuberculin dilution will
manifest itself as a reduction in the activity of the tuberculin in the partially
filled ampoules as compared with the full ampoules.

Some of the compounds tested prevented the adsorption of tuberculin
and, hence, the reduction in potency. Tween 80 seemed to be the most
efficient in that it acted in a dilution of 0.01 0/0/. The two other synthetic
surface-active compounds (CTAB and SLS), the proteins gelatine and human
albumin, and peptone were all effective at a concentration of 1 0/00, but had
hardly any effect at the lower concentration (0.01 0/0/). Gum arabic (1 0/0o),
agar (1 0/0/) and ethanol (10 °/n) also had some stabilizing effect, but were
not as effective as the agents mentioned above.

Dextran (1 I/0o) and glycerol (10 0/0) showed no such effect; on the con-
trary, they seemed to increase the adsorption in the full ampoules. That
this is really the case has subsequently been shown in elution experiments
(unpublished observations).

Of the compounds found effective in the present experiment, four were
selected for further study-namely, Tween 80, gelatine, human albumin
and gum arabic. The object of this study was to compare the efficiency of
these agents under various experimental conditions.

1 See article on page 783 of this number of the Bulletin.



DILUENTS FOR STABILIZATION OF TUBERCULIN

TABLE 1. MEAN SIZE OF REACTIONS (mm) IN BCG-VACCINATED
GUINEA-PIGS TO INTRADERMAL TESTS WITH 5 TU DILUTIONS,

CONTAINING VARIOUS AGENTS IN DIFFERENT CONCENTRATIONS,
FROM COMPLETELY AND PARTIALLY FILLED AMPOULES

Stabilizing agent
|Coc -Full One-tenth

Concentra- ampoules, ampules
Group Type tion apl

No addition 10.6 5.2

Gelatine 1 12.8 11.3
0.01 12.1 7.1

Proteins

Human albumin 1 12.0 11.8
0.01 11.8 4.7

Polypeptide Peptone 1 12.2 10.0
0.01 10.5 4.2

Tween 80 1 13.2 13.6
0.01 12.6 12.1

Surface-
active Sodium laurylsulfate 1 14.1 13.6
compounds 0.01 11.6 7.6

Cetyltrimethylammonium bromide 1 12.6 13.4
0.01 11.5 7.3

Gum arabic 1 12.4 9.0
0.01 11.1 5.5

Polysac- Agar 1 11.7 8.9
charides 0.01 10.4 5.0

Dextran 1 9.3 4.1
.1 .0.01 10.2 4.5

Glycerol 100 8.5 6.7
1 11.4 4.0

Alcohols

Ethanol 100 11.3 8.6

1ach 11ibsontssTstdrditnft mass.1 mm 4.6

Each mean is based on 6 tests. The standard deviation of the means is 0.4 mm.
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Further experiments with selected stabilizing agents. In two experiments
the diluent of Gottschall & Bunney (0.4 0/00 solution of gum arabic in borate
buffer) was compared with phosphate buffer with 1 0/00 gelatine, with 1 0/0/
human albumin and with 0.2 0/0/ Tween 80. As controls, unstabilized 5 TU
dilutions of RT 19-21, made up with phosphate buffer and boric-acid
sodium-borate buffer, were included.

In the first experiment, the tuberculin dilutions were filled into ampoules
to capacity and to one-tenth of capacity, as in the screening experiment
described above, and were stored for 7 days at 2-4°C before being tested for
activity. The results of the experiment are shown in Table 2.

TABLE 2. MEAN SIZE OF REACTIONS (mm) IN BCG-VACCINATED
GUINEA-PIGS TO INTRADERMAL TESTS WITH 5 TU DILUTIONS,
PREPARED WITH VARIOUS DILUENTS, FROM COMPLETELY AND

PARTIALLY FILLED AMPOULES

Fi rst Second
experiment * experiment **

Buffer Stabilizing agent Not shaken Not shaken Shaken ***

20 ml 2 ml 20 ml 2 ml 20 ml1 2 ml

Boric-acid None 9.7 4.4 11.1 5.4 10.6 7.3
sodium-borate

Gum arabic, 0.4°/oot 10.7 5.9 11.4 6.2 11.6 9.9

None 9.8 4.6 9.7 5.2 11.6 9.0

Tween 80, 0.20/oo 11.4 11.0 12.2 12.1 12.3 11.8
Phosphate

Gelatine, 1O/oo 10.9 10.4 12.0 10.4 12.4 11.5

Human albumin,1 O/oo 9.9 8.2 10.5 9.2 11.1 9.1

* Each mean is based on 8 tests. The standard deviation of the means is 0.4 mm.
** Each mean is based on 6 tests. The standard deviation of the means is 0.5 mm.
*** The ampoules were shaken vigorously for 20 seconds before testing.
t Gottschall & Bunney's diluent.

The control dilutions prepared with phosphate buffer and boric-acid
sodium-borate buffer were both quite unstable, and the same was true of
the dilutions prepared with the Gottschall & Bunney diluent. Human
albumin had a pronounced stabilizing effect, but was not quite as effective as
either Tween 80 or gelatine, both of which gave full stability.

In the second experiment, the dilutions were treated in the same way as
in the first experiment, except that half the ampoules were shaken vigorously
for 20 seconds before the activity was measured. The results of this experi-
ment are also shown in Table 2.

The unshaken ampoules gave similar results to those obtained in the
first experiment.
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DILUENTS FOR STABILIZATION OF TUBERCULIN 805

As found in other experiments,' shaking increased the potency of the
non-stabilized dilutions in partially filled ampoules. However, such dilu-
tions did not show the same activity as the dilutions from the completely
filled ampoules. Apparently only part of the adsorbed tuberculin is liber-
ated by shaking. Further, it was observed that shaking had no effect on the
stabilized dilutions containing Tween 80.

Gum arabic did not appear to be as effective for stabilization of tuber-
culin dilutions as Tween 80, gelatine or human albumin. Subsequent
experiments were therefore limited to these three compounds, with particular
emphasis on Tween 80.

Effect of Tween 80 on variations in potency of tuberculin from different
containers. As mentioned previously, the biological activity of a tuberculin
dilution may vary according to the containers used (Magnus et al., 1956).
Two experiments were performed to find out whether the addition of Tween
80 to the diluent would eliminate these variations. Dilutions of RT 19-21
containing 5 TU per 0.1 ml were prepared with phosphate buffer alone and
with phosphate buffer containing 0.2 0/0/ Tween 80. The dilutions were
distributed into Erlenmeyer flasks of sizes varying from 50 ml to 4 litres.
After storage for one day (in the second experiment, two days) at 2-4°C,
some of the tuberculin from each flask was filled into ordinary ampoules.
After storage for a further day (in the second experiment, two days) at
2-4°C, the activity of the tuberculin from the Erlenmeyer flasks and from
the ampoules was determined. The results are shown in Table 3.

Statistically significant variations were found between the tuberculin
dilutions from the various containers when phosphate buffer alone was
used as diluent, but no variations were observed between the dilutions
prepared with phosphate buffer containing Tween 80.

As mentioned above, the contents of different ampoules filled with the
same dilution may vary in potency, even when the ampoules have been
prepared at the same time and subjected to uniform cleaning and sterilizing
procedures.2 In order to study this inter-ampoule variation and the possible
effect of Tween 80 on it, a 5 TU dilution of RT 19-21 with 0.2 0/00 Tween 80
in the buffer diluent and a 5 TU dilution of RT 19-21 without Tween 80 in
the buffer diluent were prepared at the same time. Two experiments were
carried out, with an interval of 1 1/2 months between them, in which random
samples of 10 ampoules were taken from the two dilutions and the potency
of their contents estimated.

The results are given in Table 4. The ampoules are arranged according
to the size of the reaction to their contents. The variation in potency for
ampoules without Tween 80 is much larger than for those with Tween 80.
In the first experiment, the mean reaction size can be seen to range from

1 See article on page 783 of this number of the Bulletin.
See article on page 765 of this number of the Bulletin.



806 M. MAGNUSSON AND OTHERS

TABLE 3. MEAN SIZE OF REACTIONS (mm) IN BCG-VACCINATED
GUINEA-PIGS TO INTRADERMAL TESTS WITH 5 TU DILUTIONS,

PREPARED WITH PHOSPHATE BUFFER ALONE AND WITH PHOSPHATE
BUFFER CONTAINING TWEEN 80 AND STORED IN VARIOUS CONTAINERS

First experiment* Second experiment**

Primary Buffer alone Buffer Buffer alone +0.2/ Tween 80
container: +0.20/oo Tween 80 Bufe aon Bfer
Erlenmeyer Syringe filled from Syringe filled from

Erlenmeyer Ampoule Erlenmeyer Ampoule Erlenmeyer Ampoule Erlenmeyer Ampouleflask flask moe flask flask Amoe

4 litres 9.3 9.4 11.6 11.7 10.8 10.1 11.3 11.3

1 litre 10.2 9.5 11.8 11.6

500 ml 10.1 11.2

300 ml 10.3 9.9 12.0 11.8

50 ml 9.7 8.5 11.6 11.7 10.0 9.7 11.9 11.7

* Each mean is based on 16 tests. The standard deviation of the means is 0.1 mm.
** Each mean is based on 8 tests. The standard deviation of the means is 0.3 mm.

TABLE 4. MEAN SIZE OF REACTIONS (mm) IN BCG-VACCINATED GUINEA-PIGS
TO 5 TU FROM 10 RANDOMLY SELECTED AMPOULES OF DILUTIONS

WITH TWEEN 80 AND WITHOUT TWEEN 80

First experiment * Second experiment **
Ranking order
of ampoules
according Dilution without Dilution with Dilution without Dilution with
to potency Tween 80 Tween 80 Tween 80 Tween 80

First sample First sample Second sample Second sample
of ampoules of ampoules of ampoules of ampoules

2

3

4

5

6

7

8

9

10

5.6

6.3

8.0

8.2

8.2

8.2

8.3

8.4

8.5

9.2

10.1

10.2

10.4

11.0

11.1

11.1

11.1

11.3

11.3

11.4

9.6

10.0

10.1

10.2

10.2

10.3

10.3

10.6

10.8

11.1

11.5

11.5

11.7

12.1

12.1

12.2

12.2

12.2

12.2

12.5

* Each mean is based on 10 tests. The standard deviation of the means is 0.4 mm.
** Each mean is based on 10 tests. The standard deviation of the means is 0.3 mm.
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5.6 to 9.2 mm for the ampoules without Tween 80 and from 10.1 mm to
11.4 mm for the ampoules with Tween 80. In the second experiment the
variations are smaller and not significantly different for the two dilutions,
although the same tendency can be observed. It is characteristic of these
ampoule variations that they occur very irregularly; in some instances it
has not been possible to demonstrate them at all. However, where their
existence has been proved and " Tween ampoules " have been tested
simultaneously, it has been found that the addition of Tween 80 reduces the
variation considerably.

It should be pointed out that the variations discussed above are possibly
caused in part by variations from one syringe to another, as has been seen in
other (unpublished) experiments.

It is not possible to say whether the addition of Tween 80 to the diluent
completely eliminates the variations; however, if such variations still exist,
they will presumably be insignificant.

Storage experiment with tuberculin dilutions prepared with phosphate
buffer alone and with phosphate buffer containing 0.2 0/00 Tween 80. Studies
of the stability of 5 TU dilutions of RT 19-21, prepared with phosphate
buffer as diluent, have, as mentioned earlier, been reported by Magnus et
al.1 These studies showed very little reduction in the potency of the dilu-
tions, even after storage for 1 1/2 years at 2-4°C. However, the accuracy of
the experiment was diminished because of unsystematic variations between
various dilutions and between various ampoules.

A storage experiment was carried out on 5 TU dilutions of RT 19-21,
prepared with phosphate buffer alone and with phosphate buffer containing
0.2 0/00 Tween 80. The experiment had two purposes: first to ascertain
whether variations between dilutions and between ampoules were eliminated
by the addition of Tween 80 to the diluent; and, secondly, to find out
whether the general storage stability of the 5 TU dilutions of purified
tuberculin was changed by the inclusion of Tween 80 in the diluent.

Dilutions of 5 TU of RT 19-21 were prepared with the two diluents at
monthly intervals over a period of 15 months and stored at 2-4°C, 20°C and
37°C. The activity of all these dilutions was compared with that of fresh
dilutions prepared with the two diluents on the day of testing. Two am-
poules were taken from all the stored preparations and four from the two
fresh preparations and two tests were performed with the contents of each
ampoule. For details of the experiment, see Appendix Tables 1 and 2. The
results are shown in Fig. 1.

The effect of storage on the dilutions without Tween 80 can hardly be
assessed. Owing to large unsystematic variations between ampoules from
the same dilution and between different dilutions, the curves are very

'See article on page 765 of this number of the Bulletin.



808 M. MAGNUSSON AND OTHERS

irregular. It is evident, however, that an immediate drop in potency occur-
red during storage at 37°C, since the reactions obtained were consistently
about 2 mm smaller than those obtained after storage at 2-40C and 200C.

When Tween 80 is added to the diluent, the regularity of the curves does
not seem to be distorted by unsystematic variations. Furthermore, the

FIG. 1. MEAN SIZE OF REACTIONS IN BCG-VACCINATED GUINEA-PIGS
TO INTRADERMAL TESTS WITH 5 TU DILUTIONS PREPARED WITH
BUFFER ALONE AND WITH BUFFER CONTAINING 0.2 /oo TWEEN 80,
ACCORDING TO DURATION AND TEMPERATURE OF STORAGE

DILUTIONS IN BUFFER I DILUTIONS WITH TWEEN 80
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DILUENTS FOR STABILIZATION OF TUBERCULIN

TABLE 5. REGRESSION ANALYSIS OF SIZE OF REACTIONS (mm) TO 5 TU IN
BCG-VACCINATED GUINEA-PIGS, ACCORDING TO DURATION OF STORAGE

AT VARIOUS TEMPERATURES

Dilutions in bufferDilutions in buffer alone with 0.20/oo Tween 80

2-40C 200C * 37C 2-4 C 200C * 37

Regression coefficient 0.04 -0.13 0.05 -0.03 0.00 -0.28
(mm per month)

Variance of regression 0.0077 0.0072 0.0144 0.0022 0.0074 0.0039
coefficient

Probability (P) that regression 90 %<P<95 % P>99.5 %
coefficient <0

Variance about the empirical
regression line (s,'). Source of 11.04 4.75 8.73 1.94 5.16 2.32
variations: dilutions

Degrees of freedom 15 14 14 15 14 14

Variance within sets (s,2) 5.04 5.29 2.37 2.41 2.14 3.08
Source of variations: ampoules

Degrees of freedom 19 16 16 19 16 16

*The regression coefficients are estimated from the reactions after storage for from 1 to
15 months and do not include the initial drop in potency during the first month.

potency of the dilutions is increased. No statistically significant reduction
in potency is demonstrable after prolonged storage at 2-4°C and 20°C.
At 37°C there is a decrease of about 3 mm in the size of the reactions after
storage for one year.

The analysis of the results is shown in Table 5. It will be seen that the
variations between dilutions (s22) and between ampoules (s12) are smaller
for the dilutions containing Tween 80 than for the dilutions without
Tween 80.

Thus, it can be concluded that the addition of Tween 80 to the diluent
has a stabilizing effect as regards the above variations. With regard to the
general storage stability, this seems to be either unaffected or enhanced by
the addition of Tween.

Minimum effective concentration ofstabilizing agents. In the experiments
just described, Tween 80 at a concentration of 0.2 /00 was found to be
effective for the stabilization of 5 TU dilutions of RT 19-21 under various
experimental conditions.

It is preferable, for many reasons, to use stabilizing agents in as low
concentrations as possible. In an earlier experiment (Magnus et al., 1956),
the stabilizing effect on 5 TU dilutions of RT 19-21 of various concentra-
tions of Tween 80, gelatine and gum arabic was measured. The agents were
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FIG. 2. MEAN SIZE OF REACTIONS IN BCG-VACCINATED GUINEA-PIGS
TO INTRADERMAL TESTS WITH 5 TU DILUTIONS OF RT 19-21 CONTAINING

STABILIZING AGENTS, ACCORDING TO DEGREE OF FILLING OF THE AMPOULES
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z
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20 2 20 2 20
VOLUME OF DILUTION IN THE AMPOULES (ml)
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The standard deviation of the means is 0.4 mm.

tested in ten-fold dilutions, ranging from 0.001 0/00 to 10 0/00. Full stability
was obtained with 10 0/0o gum arabic, with 0.1-1 0/0o gelatine, and with
0.01-1 0/00 Tween 80.

In the present study, the stabilizing effects of five-fold dilutions of human
albumin, gelatine and Tween 80 were compared. It was expected that
Tween 80 would be more effective than the proteins, and this substance was

therefore used in concentrations ranging from 0.04 0/00 to 1 0/00, while the
proteins were used in concentrations from 0.2 0/00 to 5 0/00. The stability
obtained with the various diluents was measured by comparing the reactions
to tuberculin from completely filled ampoules (20 ml) and from partially
filled ampoules (2 ml) stored for 5 days before testing. The results are

shown in Fig. 2. The minimum effective concentration seems for Tween 80
to be smaller than or equal to 0.04 0/o0, for gelatine 0.2-1 0/00, and for human
albumin about 1 0/00.

In a further experiment, the stabilizing effect of four different concentra-
tions of Tween 80, ranging from 0.0016 0/0o to 0.2 0/0C, was determined.

STABILIZING AGENTS:

TWEEN 80 GELATINE HUMAN ALBUMIN

12 0

4

- ~~CONCENTRATION OF AGENTS:
50%

2 ~~~~~~~~~~I°/6O2
.. ... 0.2 %o
_ -0.04 %o_ .......... ...... _No addition

I1lI1,
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FIG. 3. MEAN SIZE OF REACTIONS IN BCG-VACCINATED GUINEA-PIGS
TO INTRADERMAL TESTS WITH 5 TU DILUTIONS OF RT 19-21 FROM

COMPLETELY AND FROM PARTIALLY FILLED AMPOULES, ACCORDING TO
CONCENTRATION OF TWEEN 80 IN THE DILUENT
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E 100 *

z
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8 fw
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2 -20 ml2 ml
- 2 m 1. E mpt ied down from 20m

O 0.0016 0.008 ~0.04 02
CONCENTRATION OF TWEEN 80 (Y/oo)

The standard deviation of the means is 0.2 mm.

Three types of dilutions were compared: namely, tuberculin from full
ampoules (20 ml), tuberculin from partially filled ampoules (2 ml), and
tuberculin remaining after withdrawal of 18 ml from ampoules originally
filled with 20 ml, after storage for two days. All the dilutions were tested
four days after the ampoules were filled. The results of this experiment are
shown in Fig. 3. In this experiment, also, complete stability was obtained
with 0.04 0/0/ Tween 80.

The experiments reported above indicate that complete stability of 5 TU
dilutions of RT 19-21 would be assured if a phosphate buffer diluent with
0.05 0/00 Tween 80 were used.

Stabilization of other dilutions of tuberculin

So far, only the stabilization of 5 TU dilutions of RT 19-21 has been
considered here. The observations made cannot as a whole be applied
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812 M. MAGNUSSON AND OTHERS

directly to other tuberculin preparations or concentrations, since adsorp-
tion seems to vary for different tuberculin preparations (Magnus et al.,
1956), and may be relatively larger for weaker tuberculin concentrations
than for stronger concentrations.'

FIG. 4. MEAN SIZE OF REACTIONS IN BCG-VACCINATED GUINEA-PIGS
TO INTRADERMAL TESTS WITH DILUTIONS OF FOUR TUBERCULINS
PREPARED WITH SALINE, BUFFER AND BUFFER WITH 0.05 °/o TWEEN 80,

ACCORDING TO DOSE OF TUBERCULIN

PPD-S OT RT 19-21 RT23p

w~~~~~~~~~~~~~~~~~~~i II,;4

O~~~~~l, I'

E12 1 10 1 100 10

tion of 1' TUI0T n 0 Uwr rprdfo ortbrui

w

U.~~~~~~~~~I

z4~

2
~~~~~~~~DILUENTS:

0.05°/00 Tween 80. The dilutions wereBufferwith 0i05%.o oTween 80
Buffer

I ~~~~~~~~~~~SalineI

tO 100 10 006 110 100 10 100
STRENGTH OF DILUTION (TU)

The standard deviation of the means is 0.4 mm.

The following experiment was therefore carried out. Tuberculin dilu-
tions of i TU, 10 TU and 100 TU were prepared from four tuberculin
preparations, PPD-S, OT, RT 19-21 and RT 23p, using three different
diluents-namely, saline, phosphate buffer alone and phosphate buffer with
0.05 0/00 Tween 80. The dilutions were filled into ordinary ampoules to
capacity (20 ml) and stored for one day before testing. The results of the
experiment are shown in Fig. 4.

1'See article on page 783 of this number of the Bulletin.
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The dilutions prepared with saline gave smaller reactions than the
corresponding dilutions prepared with phosphate buffer, and the latter gave
weaker reactions than the dilutions prepared with Tween diluent. The
increase in reaction size is larger at the 1 TU level than at the 100 TU level.
Further, it will be seen from Fig. 4 that the increase in the potency after
stabilization is larger for PPD (RT 19-21, RT 23p and PPD-S) than for OT.

These results agree well with the assumption that PPD is more
easily adsorbed than OT, and that the adsorption is of greater signi-
ficance for small doses (1 - 10 TU) than for large doses (100 TU) of tuber-
culin. The importance of these findings for the standardization of tuberculin
is discussed later.

Effect of Tween 80 on size of tuberculin reactions
Where, in the present study, a comparison has been made between

reactions to tuberculin dilutions prepared with buffer alone and reactions to
tuberculin dilutions containing Tween 80, larger reactions have been
obtained with the stabilized dilutions. It may be asked whether the increase
in the size of the tuberculin reactions is due only to the stabilizing agent
preventing the adsorption of the tuberculin to the preparation bottles,
pipettes, ampoules, syringes, etc., or whether Tween 80 per se evokes any
reactions or interferes with the tuberculin reactions in vivo.

In a series of experiments (unpublished observations), the reactions to
injections of pure Tween diluent (0.20/00) and pure phosphate buffer were
compared. In no case did the Tween 80 diluent evoke stronger reactions in
BCG-vaccinated guinea-pigs than the pure buffer diluent.

In the present study, two experiments were carried out to investigate
whether the presence of Tween 80 increases in vivo the size of the tuberculin
reactions. The different forms of administration of tuberculin and Tween 80
are shown in Table 6.

It will be seen from Table 6 that when the dose of tuberculin was admi-
nistered in a volume of 0.05 ml (A) and immediately afterwards the same
volume of buffer (B1) or stabilizing buffer (B2) (i.e., buffer with 0.4 0/00
Tween 80) was injected into the same papule, the reaction in some cases
increased a little. The increase with the buffer alone was, however, as great
as or greater than the increase with the stabilizing buffer. When the buffer
(Cl) or stabilizing buffer (C2) was injected first and the tuberculin was
injected afterwards into the same papule, the tuberculin reaction was not
enhanced. When the tuberculin dose was administered in a volume of
0.1 ml of buffer (D), the reactions were no larger than when it was adminis-
tered in a volume of 0.05 ml. Finally, it will be seen that the reactions to
the same tuberculin dose dissolved in 0.1 ml of stabilized diluent (E) were
larger than those obtained after any of the other ways of administration. It
can be concluded from these findings that the presence of Tween 80 does not
increase the size of tuberculin reactions in vivo.
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TABLE 6. MEAN SIZE OF REACTIONS (mm) IN BCG-VACCINATED GUINEA-PIGS
TO 5 TU AND I TU DOSES ADMINISTERED INTRADERMALLY IN
VARIOUS WAYS, PARTLY IN COMBINATION WITH TWEEN 80

First Second
experiment * experiment **

Administration of tuberculin dose

5 TU 5 TU 1 TU

A. In 0.05 ml of buffer 10.2 11.0 7.1

B1. In 0.05 ml of buffer, followed by injection of
0.05 ml of buffer into the same papule 10.7 11.4 7.2

B2. In 0.05 ml of buffer, followed by injection of
0.05 ml of buffer with 0.4°/oo Tween 80 into
the same papule 10.7 11.3 5.3

Cl. 0.05 ml of buffer, followed by injection into
the same papule of dose in 0.05 ml of buffer 9.9 10.1 6.3

C2. 0.05 ml of buffer with 0.40/oo Tween 80, fol-
lowed by injection into the same papule of
dose in 0.05 ml of buffer 9.6 8.9 6.4

D. In 0.1 ml of buffer 10.5 10.2 6.9

E. In 0.1 ml of buffer with 0.2°/oo Tween 80 11.6 12.4 9.5

* Each mean is based on 8 tests. The standard deviation of the means is 0.5 mm.
** Each mean is based on 8 tests. The standard deviation of the means is 0.2 mm.

It has also been found, as mentioned above, that the stabilizing diluent
does not per se evoke any reactions in tuberculin-positive guinea-pigs. Thus
the enhancement of the tuberculin reactions obtained with the stabilized
dilutions is only due to the fact that Tween 80 prevents the adsorption of
the tuberculin during preparation and storage of the dilutions.

Sensitization experiments with Tween 80

To be suitable for practical use, stabilizing agents for tuberculin dilutions
must not be sensitizing, or, at any rate, the tuberculin dilutions containing
stabilizing agents should not be more sensitizing than non-stabilized
tuberculin dilutions.

As regards the sensitizing effect of tuberculin, heat-treated preparations of
tuberculin are apparently non-antigenic when administered in the usual
doses to tuberculin-negative individuals (Lind, 1947, 1948; Tukey, Dufour
& Seibert, 1950). However, the antigenicity of such preparations can be
demonstrated experimentally in guinea-pigs or rabbits (Lind, 1947, 1948;
Seibert & Glenn, 1941) by using high doses of tuberculin and repeated
injections. As far as the sensitizing effect ofTween 80 is concerned, investiga-
tions have previously been carried out by Middlebrook & Dubos (1947).
By applying precipitin reactions to rabbit sera they found Tween 80 to be
non-antigenic when given alone, but antigenic after incorporation with
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tubercle bacilli. However, it was not considered justifiable to recommend
the use of Tween 80 for stabilization of tuberculin dilutions solely on the
evidence of these studies of its antigenicity. Some further experiments on
the sensitizing ability of Tween 80 were therefore carried out.

Sensitization experiment in tuberculin-negative guinea-pigs

In one experiment attempts were made to sensitize tuberculin-negative
guinea-pigs against Tween 80 or tuberculin by a series of intracutaneous
injections of Tween 80 and tuberculin. Sensitization of the animals was
traced by subsequent intracutaneous and serological tests.

Thirty-six white non-vaccinated guinea-pigs were divided into 9 groups
of 4 animals. All the groups were given repeated intracutaneous injections
of tuberculin dilutions (RT 19-21) containing 50 000 TU, 500 TU or 0 TU,
each prepared with 10 0/00 Tween 80, with 0.1 /00 Tween 80 and without
Tween 80.

In all 7 injections were given to each animal, one or two per week.
After each injection the local reaction at the site of the test was observed
after 4, 24 and 48 hours. On each occasion the erythema caused by the
injection was measured and two diameters recorded. Further, differences
in the intensity of the reactions were noted, a classification of +, ++ or
+++ (Romer & Joseph, 1909) being used.

The readings of these " sensitizing" reactions are not given in this
report, but the findings can be summarized as follows:

All the 12 animals injected with the largest dose of tuberculin (50 000 TU
per 0.1 ml) showed very strong reactions. At 24 hours these reactions were
+++ or + +, with an area of erythema 10-35 mm in diameter. These
reactions were apparently quite indistinguishable from strong tuberculin
reactions, but waned somewhat more quickly than tuberculin reactions
usually do.

With all three doses of tuberculin, the reactions obtained with dilutions
containing 10 0/00 Tween 80 were slightly larger than those obtained with
dilutions containing 0.1 0/00 Tween 80 or no Tween 80.

However, no changes in the reactions were observed in any of the
animals in any group during the course of the injections, and thus these
tests provide no evidence of sensitization, against either Tween 80 or
tuberculin, evoked by previous skin tests.

Three days after this course of injections, all the animals were challenged
with two tuberculin dilutions containing 100 TU per 0.1 ml-one prepared
with 0.2 0/00 Tween 80 and the other prepared without Tween 80. The
reactions were read in the same way as the " sensitizing" injections des-
cribed above, and the results are shown in Table 7.

It will be seen from Table 7 that the challenge injections evoked some
reactions in all the animals. These reactions were visible after four hours
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but waned quickly, so that no significant reactions were seen after 48 hours.
The dilution with Tween 80 evoked somewhat stronger reactions, but this
was the case whether or not the animals had been immunized previously
with dilutions containing Tween 80. Thus, these tests likewise show no
evidence of skin sensitization to either Tween 80 or tuberculin.

Ten days after the skin tests were made, all the animals were killed and
their sera examined for antibodies against Tween 80 and tuberculin.

For the examination for Tween antibodies, the precipitin test was used,
according to the technique described by Middlebrook & Dubos (1947). No
positive reactions were obtained.

TABLE 7. MEAN SIZE OF REACTIONS (AVERAGE DIAMETER OF ERYTHEMA
IN mm) TO 100 TU DILUTIONS PREPARED WITH BUFFER ALONE AND
WITH BUFFER CONTAINING TWEEN 80, IN GUINEA-PIGS PREVIOUSLY

INJECTED WITH TUBERCULIN AND TWEEN 80

100U bufer100 TU in buffer
Previous injections a1TU In buffer withaoe 0.2 0/00 Tween 80

Reading after 4 hours

Buffer 7.6 11.2

Buffer with 0.1 0/00 Tween 80 6.8 12.0

Buffer , 10 0/0o 7.0 10.3

500 TU in buffer 10.0 10.5

in buffer with 0.1 0/oo Tween 80 9.3 11.4

,, ,, ,, ,, ,, 10 0/o , 9.9 12.0

50000 TU in buffer 9.5 13.1

,, in buffer with 0.1 0/oo Tween 80 7.0 10.1

10 0/o , 8.4 12.0

Reading after 24 hours

Buffer 4.1 6.3

Buffer with 0.1 0loo Tween 80 4.4 5.5

Buffer 10 0loo 3.9 7.6

500 TU in buffer 3.0 5.8

,, in buffer with 0.1 0/00 Tween 80 5.0 6.0

..... .......,1 ,, 10 0/00 3.4 5.4

50000 TU in buffer 4.1 9.4

,, in buffer with 0.1 0/oo Tween 80 4.4 6.5

,, ,, ,, ,, ,, 10 /0 ,, ,, 3.3 5.3

Each mean is the average for 4 animals. The standard deviation of the means is 1.0 mm.
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As regards the examination for antibodies against the tuberculin, two
modifications of the haemagglutination reaction were applied, purified
tuberculin RT 19-21 being used as antigen.

With the tannic acid test (Boyden & Sorkin, 1955), which is said to
detect antibodies against proteins, high (1280-320) or medium (80-20)
titres were obtained in 11 of the 12 animals immunized by seven successive
injections of 50 000 TU. Four of the 12 animals immunized by seven doses
of 500 TU had medium titres, and one of the 12 animals which had not been
immunized with tuberculin had a titre of 80.

With the Middlebrook & Dubos test (which is said to detect antibodies
against polysaccharides from the tubercle bacillus) carried out by the
technique described by Sorkin & Boyden (1955), only two of the 12 animals
sensitized with doses of 50 000 TU were positive, while in the group sensi-
tized with doses of 500 TU, four were positive. No positive reactions were
found with this test among the 12 animals immunized with pure buffer or
with Tween buffer.

These positive serological tests of sensitization against RT 19-21
bore no relation to the dose of Tween 80 used in the immunization of the
animals.

Thus, in non-vaccinated guinea-pigs, no evidence of sensitization against
Tween 80 was obtained either by the serological or by the cutaneous tests,
whereas some sensitization against tuberculin was observed in the sero-
logical tests.

Sensitization experiment in tuberculin-negative and tuberculin-positive rabbits

As mentioned previously, Middlebrook & Dubos (1947), using rabbits as
experimental animals, found Tween 80 to be antigenic when incorporated
with tubercle bacilli. In order to see whether this finding could be repro-
duced, another experiment was performed, using rabbits. Furthermore,
since rabbits are generally considered more sensitive than guinea-pigs, some
of the experiments described above were repeated in rabbits, though with
certain modifications.

Six rabbits were used in the part of the experiment aimed at reproducing
the results of Middlebrook & Dubos. The animals were sensitized by repeated
injections of formalin-killed tubercle bacilli cultured in Dubos fluid medium
(Dubos & Middlebrook, 1947) containing 0.5 0/00 Tween 80. Half the
animals were injected with 0.2 mg of bacilli per injection and the other half
with 2 mg per injection. Each rabbit was given 13 injections, all of which
were well tolerated. The injections were given at weekly intervals, starting
on 13 February 1957. The first six injections were given subcutaneously,
and the seven later injections (starting on 27 March 1957) were given intra-
venously. The animals were bled several times during the sensitization and
the sera were examined for precipitating antibodies against Tween 80, using

S
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the technique described by Middlebrook & Dubos (1947). The results of
the ring precipitation tests are shown in Table 8.

Five of the six rabbits formed antibodies against Tween 80, but only
after having been sensitized intravenously. Furthermore, the antibodies
seemed to disappear fairly quickly after cessation of the sensitizing injec-
tions.

TABLE 8. RING PRECIPITIN TESTS WITH TWEEN 80 AND SERA OF
RABBITS IMMUNIZED BY A SERIES OF INJECTIONS OF KILLED

TUBERCLE BACILLI, GROWN IN LIQUID MEDIUM CONTAINING TWEEN 80

Sera taken on
Rabbit
numberI

12.2.57 11.3.57 1.4.57 15.4.57 10.5.57 13.6.57 20.9.57

9460 - +

9461 - - - (+) - -

9462 - - - + (+M
9463 - - - + + +-

9464 - - (+) - +M
9465 - - - - - -

The rabbits were immunized with 6 subcutaneous injections (13.2.57-20.3.57) and 7 Intravenous
injections (27.3.574.5.57). The sera were overlaid with 0.2 0/00 Tween 80, and the reactions were
read after 4 hours.
-= no reaction
(±)= weak reaction
+ = positive reaction

The results of the tube precipitation tests are not shown, since these tests
proved less sensitive than the ring tests.

Five weeks after the last sensitizing injection all the rabbits were given
four skin tests-namely, with buffer, with buffer containing 0.5 /00 Tween 80,
with 100 TU of RT 22 in buffer, and with 100 TU of RT 22 in buffer con-
taining 0.5 0/00 Tween 80. The reactions were read after 1 and 24 hours
and after 3 and 4 days. The results are shown in Table 9. Four of the
rabbits (Nos. 9460, 9461, 9463 and 9464) showed a delayed type of hyper-
sensitivity to Tween 80. The skin sensitivity to tuberculin was not very strong.

When the skin tests were repeated three months later, similar results
were obtained.1

In the other part of the experiment, three groups of rabbits were used.
The first group (12 animals) was infected intravenously with 10-3 mg of
virulent bovine tubercle bacilli, strain E 6884. The second group(l 1 animals)
was vaccinated intracutaneously with four injections of 0.1 ml of BCG

1 The results of the repeat tests are not included in this report.
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TABLE 9. SIZE OF REACTIONS (DIAMETER OF ERYTHEMA IN mm) TO
INTRADERMAL TESTS WITH VARIOUS SOLUTIONS IN RABBITS IMMUNIZED
BY A SERIES OF INJECTIONS OF KILLED TUBERCLE BACILLI, GROWN IN THE

PRESENCE OF TWEEN 80

-= no visible reaction
()= very faint (weak) reaction
When read after 1 hour, all reactions were negative.

vaccine (lot no. 1244R, Statens Seruminstitut, Copenhagen) containing
0.375 mg (moist weight) of bacilli per ml. The third group (11 animals) was
not treated and was thus tuberculin-negative. Six weeks after the infection
or vaccination a series of skin tests were made on the three groups of
animals, with one of the following dilutions: buffer, buffer with 0.5 0/00
Tween 80, 100 TU (RT 22) in 0.05 0/0/ Tween 80, or 100 TU (RT 22) in
0.5 0/00 Tween 80. Two injections of 0.1 ml were given each time to each
animal, one on each side. In all, 7 double tests were made on each animal
during a 7-week period. After each injection the local reaction at the test-site
was observed after 24 hours and usually also after 48 hours.
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The readings of these reactions are not given in detail, but the findings
can be summarized as follows:

The tuberculin dilutions evoked typical tuberculin reactions with a
diameter of 10-30 mm in all the infected or vaccinated rabbits, while in the
tuberculin-negative animals very weak and small reactions, or no reactions
at all, were seen after the tuberculin injections. Occasionally, both the
buffer with Tween and the pure buffer evoked small and weak reactions in
the infected and vaccinated rabbits, but reactions to buffer or buffer with
Tween were extremely rare in the tuberculin-negative group. No evidence
of sensitization to Tween 80 was obtained from these tests.

Five days after the last skin tests serum was drawn from all rabbits and
tested for antibodies against Tween 80. All sera were negative.

Six weeks later all the BCG-vaccinated animals and the tuberculin-
negative group 1 were given four skin tests-with buffer, with buffer con-
taining 0.5 0/00 Tween 80, with 100 TU in buffer, and with 100 TU in buffer
containing 0.5 0/00 Tween 80. The reactions were read after 1 and 24 hours.

TABLE 10. SIZE OF REACTIONS (DIAMETER OF ERYTHEMA IN mm) TO
INTRADERMAL TESTS WITH VARIOUS SOLUTIONS IN NON-VACCINATED

RABBITS, PREVIOUSLY INJECTED INTRADERMALLY WITH VARIOUS
SOLUTIONS CONTAINING TWEEN 80

Previous Rabbit Buffer Buffer with I 100 TU 100 TU
injections number alone 0.5 0/00 in buffer in buffer with

Tween 80 0.5 0/00 Tween 80

None 9445 - (5) - (7)

Buffer alk-,, 9436 - (7) (11) -

Buffer with 9435 (5) - - (8)
0.5 a/so Tween 80

9439 (7) - (8) (13)

9440 -_- -

100 TU in buffer with 9437 - - -

0.05 0/00 Tween 80
9433 _ _ (7) -

9444 - - - (13)

100 TU in buffer with 9441 (8) (9) -

0.5 °';o Tween 8 9
9442 - ---

9443 ----

Reactions read after 24 hours.
-= no visible reaction
0 = very faint (weak) reaction

1 By this time all the infected rabbits had died from generalized tuberculosis.
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The results of the readings after 24 hours are shown in Tables 10 and 11.
There is no evidence of any sensitization of the rabbits to Tween 80 in any
of the groups.

Thus the experiment confirmed that antibodies against Tween 80 can be
found in rabbits sensitized by a series of intravenous injections of formalin-
killed tubercle bacilli cultured in a medium containing Tween 80. Further,
it showed that some of these animals exhibit a delayed type of skin sensiti-
vity to Tween 80. Finally, it proved that Tween 80, when injected intracutane-
ously, alone or together with tuberculin, does not induce any sensitization
detectable by serological or cutaneous tests, either in tuberculin-negative or
in tuberculin-positive rabbits.

Sensitization studies wvith Tween 80 in humans
A limited investigation was made on 51 patients at the Dermatological

Department of the Finsen Institute, Copenhagen. All these patients re-
ceived two intracutaneous injections of 1 TU (RT 23) in buffer and 0.5 TU
(RT 23) in buffer containing 0.05 0/0,, Tween 80. One to five months later the

TABLE 11. SIZE OF REACTIONS (DIAMETER OF ERYTHEMA IN mm) TO
INTRADERMAL TESTS WITH VARIOUS SOLUTIONS IN BCG-VACCINATED
RABBITS, PREVIOUSLY INJECTED INTRADERMALLY WITH VARIOUS

SOLUTIONS CONTAINING TWEEN 80

Previous Rabbit Buffer Buffer with 100 TU 100 TU
injections number alone 0.5Te00 in buffer in buffer with

Tween 80 f0.50O/00 Tween 80.

None 9447 (9) (5) 16 15

Buffer alone 9449 (5) (7) 12 12

Buffer with 0.5 0/00 9453 - - 9 9
Tween 80

9454 (5) (5) 5 5

9456 (3) (5) - 6

100TU in buffer with 9451 - _ -

0.05 0 00 Tween 80
9452 - (7) 13 11

9455 - 13 -

100 TU in buffer with 9448 (6) (7) 14 11
0.5 0 oo Tween 80

9450 (7) (9) 15 17

9458 - (4) 14 16

Reactions read after 24 hours.
-= no visible reaction
0 = very faint (weak) reaction
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injections were repeated. No evidence of any sensitization against Tween 80
was obtained.

Discussion

Various diluents have been or are used for the preparation of tuberculin
dilutions for intracutaneous tests. Saline has been used by Svenkerud (1955)
in Norway and by Paterson & Leach (1954) in England. Phosphate-buffered
saline is used by Seibert & Dufour (1954) in the USA and is recommended
for diluting the International Standard PPD. A similar diluent, prepared
according to a modified prescription (Lind, 1947, 1948), has also been used
hitherto in Denmark. Boric-acid sodium-borate buffer with gum arabic,
prepared according to the method of Gottschall & Bunney, is used in Japan
(Ministry of Health and Welfare, 1953).

The present study has shown that the tuberculin reactions obtained with
a given dilution are highly dependent on the diluent used. In the case of
the Danish tuberculin, RT, reactions of increasing size were obtained when
the following diluents (listed in ascending order of merit) were used: dextran
in buffer, saline, buffered saline, buffer plus gum arabic, buffer plus protein
(gelatine or human albumin) and buffer plus Tween 80.

The activity of a dilution of 1-5 TU prepared with saline under practical
conditions may be less than 20% of the activity of the corresponding dilution
prepared with Tween diluent. This fact may not, per se, involve any great
practical difficulties, since it might be possible to compensate for the loss in
activity by increasing the tuberculin dose when saline is used as diluent.
However, that the dilutions are weaker when prepared with saline or even
with buffer is just one manifestation of the fact that tuberculin dilutions
prepared with these diluents are far more unstable under various conditions
than dilutions prepared with a stabilizing diluent. This instability may give
rise to large variations in the potency of a given tuberculin dilution, the
size of these variations depending on the tuberculin preparation and the
tuberculin concentration concerned. Since this seemed to apply particularly
to RTpreparations, a thorough investigation of them was made in the present
study. Under certain practical conditions-for example, if most of the
contents of an ampoule have been used and the remaining material is not
used for a few days-the potency of a 5 TU dilution may be far below that
of a normal 1 TU dilution.

For a long time the general practice in tuberculin testing has been to use
two or three successive tests (for example, 1 TU, 10 TU and 100 TU).
Under these conditions variations in the potency may not have caused any
difficulties. During recent years, however, the practice has changed, and
now, to a large extent, only one test with 5 TU is used. It is highly probable,
therefore, that variations in potency will now be of more significance in field
work. Moreover, when tuberculin testing is used for experimental purposes
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ind when a quantitative estimation of tuberculin sensitivity is the aim,
variations in the potency of the tuberculin will naturally be even more
disturbing.

The present study has shown that the variations can be eliminated if a
stabilizing diluent is used. Suitable diluents are 1 0/00 solutions of proteins
(human albumin or gelatine) and a 0.05 0/00 solution of Tween 80 in buffer.

On the other hand, the polysaccharides agar and gum arabic, which
Gottschall & Bunney (1938) had previously found to be effective stabilizing
agents, did not prove satisfactory in the present experiments. The activity
ascribed earlier to these agents was probably due to protein impurities in the
preparations.

In view of the results of the shaking-experiments reported in this paper,
it might be thought that the variations in potency could be eliminated merely
by shaking the dilutions before use. However, though shaking is fairly
effective for preventing adsorption of tuberculin in preparation bottles and
ampoules, it cannot prevent adsorption from taking place in syringes and
pipettes, and such adsorption also contributes to the variations encoun-
tered in practice. Therefore, shaking of the dilutions before use is not an
effective solution of the problem. The stabilizing diluents, however, were
effective under all the experimental conditions in this study, and their use-
at least, the use of the Tween diluent-was found not to involve any disad-
vantages. On the contrary, use of the Tween diluent provides two further
advantages; it reduces very considerably the frequency of bullous reactions
and apparently increases the specificity of at least some tuberculin
preparations.'

Where the use of stabilizing diluents would be of immense value is in the
standardization of various tuberculin preparations. It is known at present
that various tuberculins are adsorbed to differing degrees, and since,
furthermore, the adsorption depends on the dose of tuberculin, various
preparations will in some cases give non-parallel dose-response curves when
use is made of a diluent which allows adsorption to take place. Actually,
the non-parallelism of dose-response curves for different tuberculin prepara-
tions has been described previously (Long, Miles & Perry, 1954; Paterson &
Leach, 1954).

As regards the mode of action of the stabilizing agents, no conclusions
can be drawn from the present experiments. However, all the findings agree
well with the assumption that the stability obtained is due to prevention of
adsorption of the tuberculin. The findings do not support the theory of
Gottschall & Bunney (1938) that the tuberculin mainly becomes unstable
when exposed to air.

The best stabilization results have consistently been obtained with the
Tween diluent in the present study. Tween 80 was earlier found effective for

1 See article on page 845 of this number of the Bulletin.
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the stabilization of another protein-namely, acid prostatic phosphatase
(London & Hudson, 1953). The present findings therefore suggest that
Tween 80 may be of value for the stabilization of a number of other protein
dilutions.

Annex

PREPARATION OF STABILIZING DILUENT CONTAINING 0.05oI00 TWEEN 80

The diluent consists of isotonic phosphate-buffered saline, pH 7.38, containing 0. 1If/ci
Chinosol and 0.050Ioo Tween 80.

Phosphate buffered saline, pH 7.38
This is prepared as follows: 1.45 g of potassium dihydrogen phosphate (KH2PO4),

7.60 g of sodium monohydrogen phosphate (Na2HPO4, 2H20) and 4.8 g of sodium
chloride (NaCi) are dissolved in 1.05 litres of distilled water. The solution is sterilized by
autoclaving at 120°C for 30 minutes.

Chinosol, 10%
11 g of Chinosol are dissolved aseptically in 100 ml of sterile distilled water.

Tween 80
Tween 80 (Atlas Powder Company, Wilmington, Del., USA) is sterilized by auto-

claving at 120°C for 20 minutes.

5% solution of Tween 80. A 5% solution is prepared by dissolving 1 ml of sterile
Tween 80 in 19 ml of sterile phosphate-buffered saline with 0.1/Ioo Chinosol. Solution
is facilitated by slight heating.

Stabilizing diluent
To 1 litre of sterile isotonic phosphate -buffered saline, I ml of 10% Chinosol and I ml

of 5% Tween 80 are added.
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RE-SUME

La tuberculine est adsorbee par le verre des ampoules lorsqu'elle est pr6paree avec
des diluants ordinaires, tels que le solute salin, le tampon phosphate ou le tampon acide
borique-borate de sodium. On a donc cherche un diluant qui eviterait l'adsorption et
serait d'un usage pratique.

L'adsorption a ete mesuree sur des cobayes vaccines au BCG, d'apres les differences
d'activite de la tuberculine conserv6e en ampoules pleines ou partiellement remplies
- la preuve ayant ete faite que, dans ces dernieres, l'activite de la tuberculine diminue
rapidement.

L'addition au tampon phosphate de divers agents ah faible concentration, tels que la
peptone, les proteines et des composes agissant sur la tension superficielle, a limite l'adsorp-
tion, dans une mesure variable. Le tampon acide borique-borate, additionne de
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gomme arabique, recommande comme stabilisateur de la tuberculine, n'a pas donne
satisfaction. Le dextrane ou le glycarol ajoutes au tampon phosphate ont augmente
l'adsorption.

De tous les composes mis a l'6tude, le Tween 80 a donne les resultats les meilleurs.
Une concentration de 0,05 0/00 est suffisante.

Les dilutions de tuberculine contenant du Tween 80 ont donne de plus fortes reactions
que les dilutions preparees avec des solutions tampons ordinaires sans Tween 80. On s'est
donc demande si le Tween 80, outre son action anti-adsorption, pouvait avoir une action
in vivo. Des essais sur les cobayes ont montre qu'il n'en 6tait rien.

On a compar6 ensuite la stabilite de dilutions prepar&es, les unes avec du Tween 80,
les autres sans cet adjuvant. L'addition de cette substance ne parait guere affecter la
stabilite. Apres 15 mois a 2°-4° C ou a 200 C, l'activite des dilutions contenant du Tween 80
n'avait pas baisse de faqon significative. Avec des dilutions conservees 'a 37'C, la dimension
moyenne des reactions s'etait abaissee de 3 mm en un an.

Les dilutions de tuberculine ne doivent pas contenir d'agent sensibilisant, puisque la
meme personne subit en general plusieurs tests tuberculiniques. Des essais ont ete faits
pour elucider ce point.

On a pu confirmer des observations anterieures, selon lesquelles le Tween 80 incorpore
'a des suspensions de bacilles tuberculeux provoque la formation d'anticorps (precipitines)
lorsqu'il est inocule par voie intraveineuse a des lapins. I1 provoque aussi chez ces animaux
une hypersensibilite retardee. Cependant, injecte par voie intradermique, seul ou combine
ah la tuberculine, le Tween 80 n'est pas antig6nique. Rien n'empeche donc de l'utiliser
comme stabilisateur des dilutions de tuberculine.

Les auteurs mentionnent des travaux qui ont mis en lumi&re deux autres avantages
du Tween 80: les dilutions qui contiennent cet adjuvant sont plus specifiques et donnent
lieu moins frequemment 'a des bulles ou a des vesicules au point d'injection.

La preparation du stabilisateur, compos6 de 0,05 0/00 de Tween 80 en solute salin
avec tampon phosphate, et de 0,01 0/oo de Chinosol comme agent conservateur, est decrite
en annexe de l'article.
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APPENDIX TABLE 2. BASIC DATA FROM THE EXPERIMENT ON WHICH
FIG. I IS BASED. TRANSVERSE AND LONGITUDINAL DIAMETERS (mm)

OF INDURATION OBSERVED 24 HOURS AFTER INTRADERMAL INJECTIONS

Site of injection :

Animal ~"
number Left side Right side ° E E E

C: C:

1 2 3 4 5 6 7 8 9 10

12043 C 45 48 41 50 46 42 44 49 43 47 5 1
R 13/14 13/11 11/10 14/13 5/6 11/11 13/12 12/9 10/9 11/11

2 2044 C 183 182 188 185 186 187 184 181 190 189 9 1 11
R 13/13 13/12 12/12 12/9 10/12 14/14 11/10 12/13 11/10 13/14

3 2045 C 185 135 125 115 175 155 145 195 105 165 15 2 11
R 8/9 11/10 12/13 11/11 9/9 4/4 12/11 14/13 14/11 10/10

4 2020 C 88 68 58 8 98 38 18 78 28 48 18 2
R 8/9 11/12 13/13 12/12 12/12 10/8 12/11 10/10 9/8 13/12

5 2021 C 51 1 81 41 61 1 1 91 71 31 21 1 1 2
R 10/9 13/14 12/11 11/11 11/10 15/14 9/8 13/12 14/12 14/13

6 2022 C 149 169 189 129 109 199 159 139 179 119 19 2 11
R 10/10 13/12 12/12 11/10 12/12 13/13 11/9 9/9 8/8 11/12

7 2023 C 110 107 108 103 102 109 106 101 104 105 1 1 11
R 11/11 10/10 13/14 12/11 13/13 13/12 11/11 12/11 11/8 15/13

8 2060 C 80 100 40 50 20 60 70 10 30 90 20 2
R 12/13 10/9 12/11 13/12 8/7 10/10 11/10 12/11 11/10 11/10

9 2061 C 142 144 146 148 150 141 143 149 145 147 5 1 11
R 10/10 7/5 9/9 5/7 10/10 6/7 11/10 7/6 12/10 9/9

10 2062 C 92 96 91 93 99 98 97 94 95 100 10 1
R 10/10 9/8 3/5 9/9 13/13 10/10 6/7 9/9 12/11 9/8

11 2063 C 34 33 37 32 35 36 39 40 38 31 4 1
R 9/8 15/13 9/9 11/10 13/12 7/8 13/11 13/12 12/11 12/11

12 2064 C 115 114 111 118 117 119 113 112 120 116 2 1 i
R 11/11 12/10 10/12 11/12 13/13 9/9 11/10 9/9 9/9 10/8

13 2065 C 158 152 156 155 157 154 151 160 153 159 6 1 11
R 8/8 9/9 10/11 9/9 11/13 11/11 13/11 10/11 8/9 11/11

14 2066 C 161 101 191 131 181 141 171 111 121 151 11 2 11
R 14/14 8/9 8/8 11/11 10/10 11/9 12/11 13/12 12/12 13/12

15 2067 C 23 24 22 25 26 27 28 30 21 29 3 1
R 12/11 10/9 7/7 11/10 8/7 9/10 9/8 8/8 10/9 7/7

16 2068 C 146 106 116 176 196 136 186 126 156 166 16 2 11
R 9/10 7/7 8/8 8/7 8/9 9/11 8/7 11/9 12/9 9/7

17 2069 C 63 33 3 13 53 93 43 83 23 73 13 2
R 6/6 14/12 14/15 11/10 9/10 7/8 8/7 14/14 15/12 9/9

18 2070 C 15 19 18 20 17 12 11 14 13 16 2 1
R 12/11 14/12 9/10 6/6 10/11 12/10 14/11 13/12 9/8 12/12

19 2071 C 26 76 36 66 6 86 56 46 16 96 16 2
R 8/8 9/9 9/8 12/12 11/11 12/12 14/11 6/5 14/13 9/9

20 2072 C 192 112 152 122 132 142 102 182 162 172 12 2 11
R 6/6 9/8 8/9 12/11 12/11 10/11 12/11 11/10 12/10 7/7

C = codes
R = reactions
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APPENDIX TABLE 2. BASIC DATA FROM THE EXPERIMENT ON WHICH
FIG. I IS BASED. TRANSVERSE AND LONGITUDINAL DIAMETERS (mm)

OF INDURATION OBSERVED 24 HOURS AFTER INTRADERMAL INJECTIONS (concluded)

number Left side

1 2 3 4

21 2073 C 130 110 160 12(
R 12/13 8/7 9/11 11/1

22 2074 C 108 178 128 191
R 15/13 12/11 11/12 10/1

23 2075 C 137 135 136 13'
R 11/12 12/12 13/13 12/1

24 2395 C 164 174 114 13d
R 11/11 12/11 8/9 111l

25 2396 C 127 122 123 12
R 8/8 12/9 11,10 11/1

26 2397 C 3 4 6 1(
R 13/13 10/10 10/10 11/1

27 2398 C 97 67 17 3T
R 10/9 12/9 10/10 8/3

28 2399 C 171 178 179 17(
R 9/9 8/8 8/7 9/8

29 2400 C 107 167 137 14-
R 8/8 12/11 11/10 9/8

30 2401 C 183 163 153 19Q
R 8/8 616 7/7 7/7

31 2402 C 49 59 69 99
R 9i9 10/9 13112 12,1

32 2403 C 51 54 56 57
R 4/5 11/9 5,'7 8/8

33 2404 C 65 45 85 55
R 6/6 13/12 11/12 13/1

34 2405 C 84 34 14 54
R 13112 7/6 11/11 12/1

35 2406 C 199 197 192 191
R 12/11 10/10 7/8 7/7

36 2407 C 73 72 77 79
R 7/8 11/9 13/13 11/1

37 2408 C 69 64 62 70
R 14/13 14/13 12/12 9/9

38 2409 C 164 161 163 169
R 12!13 13/13 9/9 15/1:

39 2410 C 72 2 82 92
R 9/10 9/8 11j12 12/1:

40 2411 C 82 83 87 86
R 14/13 14/14 13/12 131:

C= codes
R= reactions

Site of injection

F

5 6 7

' 180 140 200
1 11/12 6I7 11/10

148 158 188
10 10/9 9113 1110

-I

0

0

2

12
2

2

2

134
12/12

124
10/10

126
10/9

8
10/11
77

11/11
177

10/11
177

11/11
113

11/11
9

11'12

60
7/8

15
13/12

44
12/11

193
7/8

74
8/9

63
7'8

166
10/9

52
13/13
90

121 1

138 132
12111 12/12

184 104
10/9 7/7

129 124
9,i8 8/8

7 9
13,/12 11/10
87 57

1 1 '9 9'9

174 172
11/11 5/6

157 187
12/10 10/9
143 123
1111 1212

29 79
5/7 14,F11

53 55
5/6 10/8

.7.5 95
14/14 13/10

64 94
12/11 9/7

194 195
9/9 12/12

75 76
11111 8/7

68 66
11/10 11/11

170 162
10110 12!11

12 42
12,,10 10/8

89 84
11 /11 14113

:ight side

8 9 10

150 170
12/12 11/10

163 118
12/12 14/13

131 140
13/11 7/7

154 144
12/11 8I7

130 121
13/11 11/9

5 1
1211 12/11

7 27
1413 15/12

180 175
12/12 8/7
197 127
12/10 7/6

133 173
8/10 11/10

19 89
13/13 9/9

59 58
6/7 11/9

/5 25
14/12 11/9

24 4
9/8 8/7

198 200
7/6 1110/1

71 78
10il0 7/6

67 61
12/11 9/9

168 165
12,11 12110

22 62
77 11/10

88 85
13/11 12/12

190
8/6

138
13/12

139
10/10
194

10/9

128
12/10

2
8/9

47
12/10

173
10/10

117
11/11
103
9/9

39
14/12

52
11/9

35
13/12

74
9/8

196
10/9

80
12/13

65
7/7

167
11/11

32
13/11

81
14/12

(u)-0
0 ED
co :3

CD

20

18

4

14

3

17

117

8

17

13

19

6

15

14

10

8

7

7

12

9

oW ,
.U E ._E
-c a,J
a,

2 11

2 11

1 1

.2
1 11

1 11

2 11

2 li

1 _I

1

1

1 II

1 11
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