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The Stabilizing Effect of Gelatin
on Dilutions of Various Tuberculins

K. TOMAN,1 E. HEJDOVA,2 F. POLANSKY,3 E. 9TERBOVA4 & J. GULD 6

Adsorption of highly diluted tuberculin to the inner surface ofcontainers is particularly
pronounced for acid-precipitated PPD, and certain such preparations are routinely issued
with the non-ionic detergent Tween 80 as a stabilizing agent. It has been shown, however,
that Tween 80, besides its anti-adsorptive effect, also has a depressive in vivo effect,
especially on tuberculin reactions that would have been weak even for a test without Tween.
The authors have shown in a previous report that gelatin (0.1 %) also has an anti-adsorptive
effect, without apparently modifying the reaction in vivo.

In the present report, the effect of gelatin on tuberculins other than acid-precipitated
PPD is examined, and the loss due to surface activity in the container is found to be con-
siderably less, though still significant, for instance, for the International Standard ofPPD
of Mammalian Tuberculin. The loss is particularly pronounced, and the stabilizing effect
ofgelatin is particularly striking, for ampoules only partly filled (i.e., with an inner surface
that is large in relation to the volume of the content).

It is suggested that gelatin, or some similar substance with little or no in vivo action,
might be used more readily, and for more kinds of tuberculin, than Tween 80, provided
that further critical studies do not reveal any so far unknown factor.

As is known from a long series of investigations
(Guld et al., 1955; Magnus et al., 1956, 1958;
Waaler et al., 1958), tuberculin, particularly its
purified products, loses its potency rapidly when
highly diluted. The degree of loss seems to vary not
only between tuberculin dilutions stored for dif-
ferent periods, but even between ampoules filled at
the same time from the same dilution. This loss of
activity was found to be caused by adsorption of
tuberculin to the inner surface of the ampoules
and to be much greater in partly filled than in full
ampoules. The latter phenomenon has been called
the " volume effect " and it is clearly related to the
ratio between the inner surface of the container and
the volume of the tuberculin dilution (Guld et al.,
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1955). Obviously, this phenomenon may have serious
practical implications in certain circumstances.
The " volume effect " may be substantially re-

duced, however, if certain anti-adsorptive agents,
such as Tween 80 or gelatin, are added to the diluent
(Magnusson et al., 1958). The non-ionic detergent
Tween 80 has been introduced as a stabilizing addi-
tive to the diluent used for preparing dilutions of
the purified tuberculin product RT 23. Tuberculin
dilutions of RT 23 with Tween 80 have been used
in all WHO-assisted tuberculosis projects and in a
number of national tuberculosis activities all over
the world (Deck & Guld, 1964).

It has since been found, however, that Tween 80,
in addition to its anti-adsorptive action in vitro,
makes tuberculin reactions smaller and softer. This
in vivo effect is particularly marked in weak reactors
-that is, persons who even for a similar dose
of tuberculin without Tween would have shown
a fairly weak reaction (Wijsmuller et al., 1962;
Farah & Christensen, 1964; Guld & Roelsgaard,
1965; Toman et al., 1965).
In a previous study comparing the stabilizing

effects of gelatin and of Tween 80 on tuberculin
RT 23, we found that gelatin, unlike Tween 80
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had no in vivo action, i.e., its only effect was to
prevent adsorption in vitro (Toman et al., 1965).
Furthermore, its anti-adsorptive activity was found
to be adequate to prevent loss of potency in the
tuberculin. A dilution of RT 23 without a stabilizer
would have to contain about 3 times as much
tuberculin in order to produce the same size of
reaction as a dilution stabilized by gelatin.
The purpose of the present study was to examine

the stabilizing effect of gelatin on certain other
tuberculin preparations. In order to quantify this
stabilizing activity, we used the method of measur-
ing the volume effect and any reduction in it by
the stabilizer.

STUDY POPULATION

A total of 1351 persons of both sexes (43% males
and 57% females), aged 35, 30, 25 or 20 years and
residing in two districts of Central Bohemia, were
registered. (Of these, 21 % had been vaccinated
with Danish BCG vaccine during the period
1948-49 and 18% with Czechoslovak vaccine;
12% were unvaccinated at the time of registration;
and for 49% no vaccination records were available.)
The persons registered were eligible for BCG vac-

cination or revaccination at 5-year intervals accord-
ing to the national vaccination scheme. For this
purpose, a tuberculin test (2 TU of RT 23 with
Tween) is first given to each person, and those who
show a reaction measuring less than 6 mm are
vaccinated. For the purpose of this study, a second
experimental test was given to each person on this
occasion.

MATERIAL AND METHODS

The following tuberculins were used for the experi-
mental dilutions:

(a) the International Standard of PPD of Mam-
malian Tuberculin (PPD-S), 0.00004 mg per 0.1 ml
(2 IU if diluted in buffer solution);

(b) the former (second) International Standard of
Old Tuberculin (ISOT), 0.1 ml of a 3: 10 000 dilution
(3 IU);

(c) an alcohol supernatant from unheated culture
filtrate after precipitation with 76% alcohol (batch
403), 0.00002 mg per 0.1 ml (Tuberculosis Immuniza-
tion Research Centre, 1955; Guld et al., 1965).

Each of these three tuberculins was diluted both
in buffer-saline and in buffer-saline with 0.1 % gelatin.

The tuberculins were supplied as stock solutions
or in powdered form by the Statens Seruminstitut,
Copenhagen; the dilutions were prepared at the
National Institute of Sera and Vaccines, Prague.
Bacto Gelatin (Difco) in a concentration of 0.1 %
was used as the stabilizing agent for the experimental
dilution.
The tuberculin dilutions were kept in 20-ml

ampoules. The ampoules were either filled completely
or one-tenth full (2 ml), then stored at 20C-40C and
protected from light. Each ampoule was labelled
with a code number according to a protocol. Thus
12 experimental preparations were used: 2 volumes
of each of 3 tuberculins in 2 dilutions (Table 1).
In addition, RT 23, 0.00004 mg (2 TU) per
0.1 ml of diluent with Tween 80 as a stabilizer,
was used for a reference test. This reference tuber-
culin was kept in ampoules in current use-with
labels indicating the contents.

Testing
In each person, one of the 12 experimental pre-

parations, selected at random, was injected intra-
dermally into the dorsal aspect of the right arm.
The number of persons tested with each experimental
preparation and " read " is given in Table 1. The
reference test was given to everyone, in the left arm.
Although this reference test was given primarily for
routine purposes, it was included in the analysis
also with a view to reducing the possible error due
to the non-homogeneity of the study population.

Seventy-two hours after the injections, the reac-
tions were read by BCG nurses well trained and

TABLE 1

DISTRIBUTION OF STUDY POPULATION ACCORDING
TO THE TUBERCULIN USED, PRESENCE OR ABSENCE
OF GELATIN IN THE DILUENT, AND VOLUME OF DILUTION

IN THE AMPOULE

Volume Tuberculin
Diluent of dilution in Total

ampoule PPD-S| ISOT 403

No stabilizer '/ o full (2 ml)

No stabilizer Full (20 ml)

Gelatin

Gelatin

1/1o full (2 ml)

Full (20 ml)

Total

127

117

116

134

494

125

119

94

99

437

103

110

110

97

420

355

346

320

330

1 351
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experienced in testing and reading. Bias was avoided

by concealing the nature of the experimental test.

The ampoules and their content were of the same

appearance and were labelled according to a code

unknown to the readers.

For each of the 12 experimental tests and for the

reference test, new leak-proof syringes were pro-

vided. These were kept and sterilized separately.

RESULTS

Tables 2, 3 and 4 show the "volume effect " in

ampoules filled with one of the experimental tuber-

culins (PPD-S, ISOT,_ 403) with gelatin and in
ampoules containing the same tuberculin but with-
out stabilizer. Each table consists of four correla-
tion tables whose abscissae stand for the size of
reactions to the experimental tuberculin test with
or without gelatin, kept in full or nearly empty
ampoules, and whose ordinates represent the size of
reactions to the reference test. It can be seen from
Table 2 that reactions to PPD-S tuberculin without
stabilizer kept in nearly empty ampoules are almost
all (97%Y) smaller than those produced by the refer-
ence test, whereas reactions to the same tuberculin

TABLE 2
COMPARISON OF REACTIONS TO PPD-S TUBERCULIN, WITH AND WITHOUT STABILIZER,

TAKEN FROM FULL OR NEARLY EMPTY AMPOULES

Size (in -m) of reaction

Without stabilizer -amp. 1/10 full (2 ml)

0 2 4 6 8 101214 16 1820 Total

0 16 2 18
2 8~- 3 11

0
4 6 3N 9

co 6 7 8 4 2 1 22
8 3 5 5 4\" 2 19

10 1 4 9 N.116
12 2 1 1 6 2 1 13

+) 14 2 3 4 2 1 12
16 2 1 1 4

c~18 1 11 3
N

20

Total 40 24 1820 16 6 3 ----127

With gelatin -amp. 1/10 full (2 ml)

0 2 4 6 8 10 12 14 16 18 20 Total

0 10 1 11
2 5 4 1 1 11
4 1-'1 2 2 11

6 4 1 2N-.4' 3 2 16
8 6- 5 5 1 1 18

10 4"-3 4 11
12 2 2 '6 5 1 16
14 1 6 4 2 1 14
16 1 1'1 2 5
18 1 2 3
20

24 7 4 13 16 13 18 12 4 5

s to PPD-S tuberculin

Without stabilizer - full amp. (20 ml)

0 2 4 6 8 10 12 14 16 8 20OTotali

3 1 9
7 3 3 13
1 N1 7 1 10
2 5 3 % 4 1 17

1 2N.5 3 1 12
2 3 6 51 17
1 1N",5 2 2 11

N3 5 4 1 13
3' 4 5 12

1511 8 14 13 1211 9 12 10 2 117~

With gelatin - full amp. (20 nml)

0 a 4 6 8 10 12 14 16 l8 20Total

> 3 2 18
632 1 1 13

1 lN.N~6 3 1 12
1 3 4 6 3 1 19
1 N2 11 2 3 19

1 1.3 9 1 2 1 17
1 iN' 2 7 3 14

"'7 2 5 2 16
1 3

N2 1 3

21 11 3 14 13 19 14 19 8 9 3 134
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0
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without stabilizer kept in full ampoules or with

gelatin kept in nearly empty ampoules are approxi-

mately equal to reactions to the reference test. The

largest reactions were obtained by using PPD-S with

gelatin kept in full ampoules.

The " volume effect " observed in ISOT and in

the fraction " 403 ", with and without stabilizer,

is shown in Tables 3 and 4 respectively. It can be

seen again that reactions to the two tuberculins

stored without stabilizer in nearly empty ampoules

are also mostly (96oo and 87oo) smaller than those

to the reference test. Reactions to the tuberculins

stored in full ampoules without stabilizer or with

gelatin in nearly empty ones are approximately equal

to or a little smaller than those to the reference

test. Again, the largest reactions were produced by

tuberculins with gelatin kept in full ampoules.

In Tables 2, 3 and 41, the greatest " volume effect"

is shown for PPD-S, and the lowest for ISOT.

It is evident also that gelatin reduced the "volume

effect " proportionally to the original "volume

effect " on tuberculin dilutions without stabilizer.

TABLE 3

COMPARISON OF REACTIONS TO ISOT, WITH AND WITHOUT STABILIZER,

TAKEN FROM FULL OR NEARLY EMPTY AMPOULES

Size (in mm) of reactions to ISOT

Without stabilizer amp. 1/10 full (2 ml)

0 2 4 6 8 10 12 14 16 18 20 221I Total

0 53 4 12

2 2K 5 1 8

4 3 82 13

6 6 5 6 3 27

8 1 2 1 4K,-6 1 2 17

~10 1 5 1 7'K3 1 1 19

~12 1 7 2 4 14

14 1 1 4 2 N1, 9

16 11 1 1 4

~18 1 1

~20 1

22

-Iotal 18 23 1816 2511 9 2 1 2-- 125

With gelatin amp. 1/10 full (2 ml)

0

0 2 4 6 8 1012 14 16 182022 Total

0 8 3 1 12

0 2 2 3 5

41 7 1 9

6 3 2 1 1 13

08 ~ 1 1 3 9 2 1 1 18

~10 1N'-5 3 2 12

12 1 6 5K 2 14

Z14 4 3 \`N1 8

16 1 "2 3

N18

Crj 20

22

Tota 8 10 10 14 12 19 13 6 2 94

I Without atabilizer full amp. (20 ml)

0 2 4 6 8 1012 14 16 182022 Total

4 12 7
2 " 2 21 7
2 1 4 4 11
3 2 5 9 7 1 27

3"45 1 1 14
1 1 2 '7 3 1 1 16

3. 8' 6 17
1 4N.-5 3 2 15

1 1
11 ~~~~~2

11 4 14 20 17 21 14 9 5 4- - 1192

With gelatin - full amp. (20 ml)

0 2 4 6 8 10 12 14 16 18 20'22 Total

5 3 2 10
1 2 2 5
1 2 4 3 1 11
1 5 7 6 1 1 21

6 4 3 2 15
1 "6 3 1 1 12

1 2 2"6 11114
1 2N1_4 7

2 K24

8 7 6 19 1813 17 6 4 1-- 99
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TABLE 4
COMPARISON OF REACTIONS TO 403 TUBERCULIN, WITH AND WITHOUT STABILIZER,

TAKEN FROM FULL OR NEARLY EMPTY AMPOULES

Size (in mm) of reactions to 403 tuberculin

Without stabilizer - amp. 1/10 full (2 ml) Without stabilizer - full amp. (20 ml)

0 2 4 6 810l12l1416l1820 2224 Total 0 2 4 6 81012l14l1618 20 2224 Total

0 5 1 6 7 .7 1 1 16
2 3 31 7 23 2 1 8
4 2N13 2 N-1 2 5
6 9 3 2 2 16 1 2 6 2 1 1 13

o 8 3 4 34 14 3 1 3IN,4 2 1 14
0010 1 2 7 63 19 5 7N1-2 1 150

N5 12 1 4 4 7 4- 20 2 59 1 17
14 3 1 3 7 1 1 5 4. 11
16 *2 1 1 1 1 17 1 1 '- 4

.~18 1 1 1 3 1 1 N2 1
2011

V~221111
24

~Total 13 2522 2411 5 2 1 . 103 10 17 1013 17 1218 6 2 4- 1- 110

.0

4J 0 2 4 6 8101214l1618 20 2224 Total 0 2 4 6 810l1214l1618 20 22 24Total

0
.H 0 12 5 17 5 1 1 7

NiI'l N%.O) 2 5 5 1 11 2 4 1 7Ca

4-4 6 1 3 4 1 9 21 14 2 10
08 21 111I 1 7 1 3'l2 1 8
j10 1 1 1 3. 4 10 1 3 4. 3 11
12 1 2 7N-5 1 16 1 1 2N6 22 1 15
14 6N,9 1 16 1 3 4 2 2 2 14
16 1 7 2 10 43 4213
18 1 2 2 7 1 2N2 3 8

02 20 1 N 2 1 Nl2
22 2 2 Nj 1
24

Tota 22 15 1 8 5 1117 20 3 5 1- 21 110 10 7 1 11 8 8 14 11 9 9 8 1- 97

In order to adjust for individual differences in
allergy, as evidenced by different reactions to the
injection of RT 23 with Tween 80, the reaction
to RT 23 was subtracted from the reaction to the
experimental tuberculin, for each person. The dis-
tributions of this difference I are shown in the accom-
panying figure for tuberculin dilutions kept in dif-
ferent ways.

,,These distributions were compiled from tables with
1-mm classes after exclusion of all persons in whom the
mean reaction size to both tests was less than 3 mm.

The reduction by gelatin of the " volume effect "
for the experimental tuberculins is evident from
Table 5, which contains means and standard errors
(Column A) of the above-mentioned differences for
each of the experimental tuberculins kept in 4 dif-
ferent ways. Significant differences (at the 5% level)
between the response to a tuberculin taken from
a nearly empty ampoule and that to the same
tuberculin taken from a full one was found by
Student's t-test for all 3 tuberculins to which no
stabilizer was added and for PPD-S and "403 "
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FREQUENCY DISTRIBUTIONS (WITH MEANS AND STANDARD DEVIATIONS) OF DIFFERENCES IN THE SIZE
OF REACTIONS TO THE EXPERIMENTAL TEST AND TO THE REFERENCE TEST

PPD-S

d- - 4.8±3.0

f1'-. I IF - I - I 1 ,

ISOT I
WITHOUT STABILIZER -AMPOULE 1/ 10 FULL

1 d--2.5±2.9 1d_-

WITHOUT STABILIZER. FULL AMPOULE
d-0.4+ 2.8 d--0.2± d- I.5± 2.6

30 n
20

101

WITH GELATIN -AMPOULE l/lo FULL

d-0.1+2.4 a--0.22.2 d--I.3+3.2

20o

10

WITH GELATIN - FULL AMPOULE

d - 0.5± 2.9 a 00D±3.2

-2-26 0 6 /2 -2-6 0 6 12 -12 -6
DIFFERENCES (mm)

with gelatin as a stabilizer. Differences between
reactions to ISOT dilutions from nearly empty
ampoules and from nearly full ampoules, when both
were stabilized by gelatin, did not reach the 5%
level of significance.
Column B shows the differences between the

means in Column A; hence the figures in Column B
quantify the " volume effect ".

It was observed that the tuberculins from nearly
empty ampoules without gelatin were always the
weakest; that those from full ampoules without

gelatin or nearly empty ampoules with gelatin were

stronger or of nearly equal strength; and that those
from full ampoules with gelatin were the strongest
of all.
Thus it appears that tuberculin with gelatin is

always stronger than tuberculin without gelatin and
that tuberculin from full ampoules is always stronger
than tuberculin from almost empty ampoules.
However, these two factors interact, the difference
between the full and nearly empty ampoules being
much less pronounced with gelatin than without it.

401
30-

20-

10'-

403

5.2±3.3

I-

w
U

uj

z

w
u

lY 4

,

b &
38o 81501

, _ _
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TABLE 5

REDUCTION BY GELATIN OF THE VOLUME EFFECT ON 3 EXPERIMENTAL TUBERCULINS
TAKEN FROM FULL OR NEARLY EMPTY AMPOULES

Tuberculin

Diluent Ampoule PPD-S ISOT 403

IAa B a 'A B a Aa -_

No stabilizer /10 full -4.8 4f 0.31 -2.5 1 0.29 -5.2 i 0.34
5.2 4 0.40 2.3± 0.39 3.8 + 0.44

No stabilizer Full 0.4± 0.25 0.2 +0.27 -1.5 0.27

Gelatin 'I full 0.1 + 0.25 -0.2 ± 0.30 -1.3 + 0.35

Gelatin Full [ 1.8 ± 0.24 0.5 ± 0.31
0 +

0.0 ± 0.35 1

a A: Means of differences between the sizes of reactions to the experimental test and to the reference test (RT 23 with
Tween 80), and their standard error.

B: " Volume effect ", i.e., differences between the two values obtained in column A, and their standard error.

This is illustrated by the difference between the
means of differences, as shown in Column B of
Table 5.

DISCUSSION

The finding that the effect of gelatin is particu-
larly pronounced in nearly empty ampoules, i.e.,
under conditions where the loss of tuberculin due
to adsorption (surface activity) is known to be par-
ticularly high, is a strong indication that the increase
in reaction size associated with gelatin is due to a
prevention of adsorption to the inner surface of
the container.
The conclusion that this is the only effect of gelatin

was reached by an entirely different argument in a
previous paper-namely, that gelatin increases the
potency of tuberculin uniformly in persons with
weak or strong reactions, whereas the effect of
Tween 80 interacts strongly with the sensitivity of
the person tested (Toman et al., 1965).

In the past 20 years, much use has been made,
for epidemiological purposes, of histograms of tuber-
culin reactions, on the assumption that the tubercu-
lin reaction is a simple function of the skin sensitivity
and of the strength of the tuberculin. It has been
suggested (Guld & Roelsgaard, 1965) that the selec-
tive depression of weak reactions due to Tween 80
results in a distortion of such histograms, making
them less suitable for epidemiological interpretation.
In particular, Tween 80 promotes bimodality in distri-

butions even where the biological truth would by
correctly represented by a unimodal distribution.

It is known that PPD-S, which was prepared by
ammonium sulfate precipitation, is much less readile
absorbed than acid-precipitated purified protein
derivatives such as RT 23 (Magnus et al., 1956;
Edwards et al., 1963). However, PPD-S undergoes
some adsorption, which according to the present
data is of the order of 25%-30% if the ampoules
are full.1 Moreover, as the ampoules are emptied
the remaining portion of tuberculin becomes subject
to additional adsorption (Guld et al., 1955).
One might hesitate to stabilize PPD-S with

Tween 80 considering that this has side-effects on the
size and character of the tuberculin reaction.
However, a stabilizer such as gelatin, or some similar
substance with little or no in vivo action, could be
added to PPD-S with advantage-provided that it
does not have any other, as yet unknown, effect and
that batch variations are insignificant or can be
controlled. In order to eliminate batch variations,
the production of one very large batch of gelatin
could be considered; for instance, 500 kg are required
to stabilize 100 g of RT 23 (5000 million doses).
These aspects might be explored further.

1 As shown in Table 5, reactions to PPD-S taken from
full ampoules with gelatin are smaller by 1.4 mm than
reactions to PPD-S from full ampoules but without gelatin.
This corresponds to a reduction of about 27 %, assuming
that a 1-mm decrease in reaction size corresponds to a
reduction of 20% of the dose (Guld, 1953).
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RISUMti

On sait que les solutions de tuberculine faiblement
concentrees perdent rapidement leur activit6 au cours de
la conservation en raison de I'adsorption du produit sur
la paroi des ampoules. Le phenomene est d'autant plus
prononc6 que le rapport entre le volume de la solution
et la surface interieure totale de I'ampoule est faible.
Cet * effet de volume * peut etre fortement attenue par
1'emploi de stabilisateurs comme le Tween 80 ou la
gelatine.

Les recherches decrites dans le pr6sent article ont
port6 sur l'action stabilisante de la g6latine et sur son
role dans la preservation de l'activit6 de plusieurs tubercu-
lines: I'etalon international de PPD de tuberculine de
mammifere (PPD-S), 1'etalon international de vieille
tuberculine (ISOT) et une preparation obtenue a partir
d'un filtrat de culture (lot 403). Chacune de ces trois
tuberculines a 6te employee soit sans stabilisateur, soit
apres addition de gelatine, les ampoules contenant les
solutions 6tant par ailleurs soit completement remplies,
soit remplies seulement au 1/10. On a inject6 une dose de
l'une ou l'autre de ces 12 pr6parations experimentales
par voie intradermique a 1351 personnes. Les reactions
tuberculiniques ont ete lues apres 72 heures. Une epreuve
t6moin a et6 effectuee a l'aide de PPD RT23 additionne
de Tween 80.

Les r6actions a l'injection de tuberculines sans stabilisa-
teur conservees en ampoules presque vides ont ete plus
faibles que celles enregistr6es apres emploi des memes
pr6parations conservees en ampoules pleines, dans des
proportions atteignant respectivement 97% (PPD-S),
96% (ISOT) et 87% (lot 403). Ces differences - mani-
festations de l'effet de volume - sont statistiquement
significatives. L'addition de gelatine aux solutions a
reduit consid6rablement (des deux tiers en moyenne) les
pertes d'activite. Le fait que l'action de la g6latine soit
particulierement nette lorsque les solutions sont conser-
vees dans des ampoules a peine remplies (oui l'adsorption
est la plus forte) montre que cette substance a essentielle-
ment un role antiadsorbant in vitro. Les solutions de
tuberculine additionn6es de gelatine ont donc toujours
une activite plus forte que les solutions qui en sont
depourvues et les solutions conservees dans des ampoiules
pleines ont toujours une activite plus forte que les solu-
tions gard6es en ampoules presque vides.

Selon les auteurs, un agent stabilisant comme la gela-
tine qui, it l'oppose du Tween 80, ne modifie pas ou guere
les caracteres de la reaction tuberculinique pourrait avan-
tageusement etre ajoute aux pr6parations de PPD-S. On
devrait pouvoir disposer a cet effet d'un lot unique de ge-
latine a caracteristiques stables et suffisamment important.
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