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ABSTRACT: The aim was to study the tuberculin skin test in relation to immunological
in vitro reactions in bacille Calmette-Guérin (BCG)-vaccinated healthcare workers.

The present study was performed in Sweden, a country with a low incidence of
tuberculosis, a high BCG vaccination efficacy and high tuberculin conversion rates.
BCG-vaccinated healthcare workers (n~381) were tuberculin skin tested. From these,
11 subjects with negative tuberculin reactions (v6 mm) were matched for age and sex
with 11 subjects with large positive reactions (¢15 mm). Lymphocyte transformation
and the production of interferon-gamma (IFN-c) were analysed after stimulation in vitro
of peripheral blood mononuclear cells with tuberculin purified protein derivative, heat-
killed tubercle bacilli and a culture filtrate from tubercle bacilli.

In the tuberculin-positive group the lymphocyte transformation response was 2–3
times larger, and IFN-c production was 7–10 times larger, than in the tuberculin-
negative group (pv0.001).

The present results suggest that a positive tuberculin skin test in bacille Calmette-
Guérin-vaccinated subjects indicates a stronger immune response of the protective
T-helper 1-type than does a negative test. In similar settings, the study supports
the traditional practice of regarding the tuberculin skin test in bacille Calmette-
Guérin-vaccinated subjects as an indicator of a protective immune response against
tuberculosis.
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Pioneering work in Scandinavia showed that
healthcare workers with a positive tuberculin skin
test were more resistant to tuberculosis (TB) than
those who were negative [1, 2]. Other studies showed
that the healthcare workers who were tuberculin
positive after bacille Calmette-Guérin (BCG) vaccina-
tion were more resistant to TB than those who
remained skin test negative [3, 4].

Subsequently, a positive tuberculin skin test has
been used to indicate protection against TB in
countries with BCG vaccination programmes [5–7].
This delayed-type hypersensitivity is, however, not
identical to the protective immune response against
TB [8], and its value as an indicator of a protective
immune response is controversial [9–12].

An attractive method to evaluate the tuberculin
skin test in this context is the use of surrogate markers
for protective immunity. Interferon-gamma (IFN-c)
is a key cytokine for macrophage activation and
enhanced intracellular killing of pathogens. Several
findings point to the central role of a T-helper 1 (Th1)
cell-derived IFN-c response in human TB defence
[13–17]. Consequently, the amount of IFN-c produc-
tion following lymphocyte stimulation with myco-
bacterial antigens has been suggested as a surrogate
marker of vaccine-induced protective immunity [14,
18, 19]. The T-cell proliferation induced in this

procedure, i.e. the lymphocyte transformation assay,
correlates well with tuberculin skin test reactivity, but
according to several studies it is a more sensitive indi-
cator of mycobacterial sensitization [20, 21]. However,
information on the relationship between the tuber-
culin skin test and surrogate markers for protective
immunity in BCG-vaccinated subjects is scarce.

In order to assess the value of the tuberculin skin
test as an indicator of a protective immune response
against TB in BCG-vaccinated individuals, lymphocyte
proliferation and IFN-c production induced by myco-
bacterial antigens in matched groups of tuberculin-
negative and tuberculin-positive healthcare workers
were analysed.

Material and methods

Study population

The tuberculin skin test was applied to 381
healthcare workers who had been BCG-vaccinated
at birth. These included 325 (85%) females. The mean
age was 38.7 yrs. Eighty-five individuals (22%) were
tuberculin-negative, i.e. having induration of v6 mm
diameter, and 296 (78%) were positive. One year from
the initial test procedure, the tuberculin-negative
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subjects were retested before commencing the study.
Eleven of those remaining negative (0–5 mm) were
matched for age and sex with 11 subjects with large
positive reactions (15–20 mm).

The mean tuberculin reactions of the two study
groups were 2.2 and 15.8 mm, respectively. The mean
age of the 22 subjects was 38.0 yrs (range 27–46), and
18 (82%) of those were female. Thus, the sex ratio and
mean age of these 22 subjects was not significantly
different from the original group of 381. The subjects
were healthy Swedes, with no coexisting medical
conditions, and none were pregnant or breast feeding.
All had been BCG-vaccinated at birth, and all had a
BCG scar. Informed consent was obtained, and the
study was approved by the local Ethics Committee.

Skin testing

An intradermal injection of 2 tuberculin units
of tuberculin purified protein derivative (PPD) RT23
(Statens Seruminstitut, Copenhagen, Denmark) was
given on the dorsal aspect of the right forearm. The
reactions were read after 48–72 h. Induration of
v6 mm was defined as negative.

Mycobacterial antigens

In addition to tuberculin PPD RT23, antigens from
two strains of Mycobacterium tuberculosis (4610/91
and 5109/95: Institute of Medical Microbiology,
Göteborg University, Sweden) were used. These
strains were isolated from Swedish patients in 1991
and 1995, respectively, and showed all the character-
istic properties of M. tuberculosis. They were grown
on Sauton medium at 37uC for 6 weeks. A sterile
culture filtrate was prepared from strain 5109/95, and
a sterile suspension of wholes cells, homogenized by
sonication, was prepared from strain 4610/91.

Lymphocyte transformation assay

The assay was performed simultaneously for the
subjects in each matched pair, using a modification of
a previously published technique [22]. For stimulation
with mycobacterial antigens, 16106 cells were added
to the microtitre plates. For stimulation with the
positive control concanavalin A (ConA), 16105 cells
were used. Triplicates of each of the following stimu-
lators were added: tuberculin PPD RT23, 10 mg?mL-1;
whole cells of M. tuberculosis, 10 mg?mL-1; culture
filtrate of M. tuberculosis, protein concentration
10 mg?mL-1; Con A, 25 mg?mL-1. A triplicate of wells
with no stimulator was used as a negative control.
The cells were then incubated in cell culture medium
in 5% carbon dioxide (CO2) at 37uC for 6 days.
Culture supernatant (150 mL) was removed from each
well and frozen at -70uC for later analysis of cytokine
content. Fresh medium and stimulator (150 mL) was
added and the plate was incubated for another 24 h.
3H-thymidine was then added and the plate was
incubated overnight. The cells were harvested and
radioactivity measured as counts per minute (cpm)

using a b-counter (Matrix 96, Packard Instrument
Co., Inc., Chicago, IL, USA). The proliferative res-
ponse was calculated as the geometric mean cpm
of the triplicates. The proliferative responses of
stimulated cultures are presented as the difference
(Dcpm) between the radioisotope uptake in stimulated
cultures and nonstimulated control cultures.

Cytokine analysis

IFN-c concentration was measured in supernatants
from cells stimulated with the previously mentioned
mycobacterial antigens and Con A, as well as in
supernatants from unstimulated cells, using a sand-
wich enzyme-linked immunosorbent assay (ELISA)
technique as described by QUARFORDT et al. [22]. The
maximum values given were w10,000 units?mL-1. In
calculations, these values were taken as being equal to
10,000 units?mL-1.

Statistical analysis

The 22 subjects were matched in pairs, and due to
the known large variation in the immunological
assays, each pair was analysed simultaneously. The
statistical calculations were based on the differences
within the pairs. For comparisons between groups the
Wilcoxon one-sample test was used. A p-value of
v0.05 was considered as significant. Only subjects
with small negative reactions and large positive
reactions were selected to increase the possibility of
detecting a significant difference between the two
groups.

Results

Lymphocyte transformation assay

The proliferative responses of the negative controls,
i.e. of unstimulated cultures, were ¡1,300 cpm
(median 500 cpm). The responses after stimulation
with three mycobacterial antigens are shown in
figure 1. In the tuberculin-negative group, the med-
ian responses were 10–20 times stronger than in
unstimulated cultures (9,100, 9,300 and 4,700 cpm
for tuberculin, heat-killed M. tuberculosis cells and M.
tuberculosis culture filtrate, respectively). However, in
the tuberculin-positive group the corresponding
responses were 2–3 times stronger than in the
tuberculin-negative group (28,800, 20,800 and
12,700 cpm, pv0.001 respectively). When the three
antigens were compared, the lymphocyte transforma-
tion response to tuberculin PPD RT23 was similar to
that with heat-killed M. tuberculosis, while the res-
ponse to M. tuberculosis culture filtrate was signifi-
cantly weaker.

Cytokine production

In unstimulated cultures, the IFN-c levels were
close to zero. The IFN-c production after stimulation
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with the mycobacterial antigens is shown in figure 2.
In the tuberculin-negative group, the median IFN-c
production was significantly higher than in unstimu-
lated cultures (700, 700 and 600 units?mL-1, respect-
ively, for the three antigen stimulations). However, the
corresponding IFN-c production in the tuberculin-
positive group was 7–10 times higher than in the
tuberculin-negative group (5,500, 6,700 and 4,400
units?mL-1, pv0.001 respectively). The differences
between the three antigens in their ability to induce
IFN-c production were not significant.

Discussion

In this study, the lymphocyte proliferation and
IFN-c production induced by mycobacterial antigens
was significantly stronger in a group of tuberculin-
positive individuals than in a matched group of

tuberculin-negative individuals, indicating a stronger
immune response of the protective Th1-type in the
tuberculin-positive group.

Tuberculin PPD RT23 was prepared in 1958 from
several strains, including the M. tuberculosis type
strain H37RV isolated in 1905. Considering the age of
these antigens, preparations from two strains isolated
from Swedish patients in the 1990s were also included
in order to more accurately reflect the clinically
relevant immunological responses of the subjects.
However, the immunostimulatory effect of PPD
RT23 was not less than that of the more recently
isolated mycobacterial antigens.

A general BCG vaccination programme of new-
borns was in effect in Sweden until 1975. All subjects
in the present study had been vaccinated at birth.
Seven had been revaccinated, mostly w20 yrs ago.
Many studies have shown considerable waning of
tuberculin reactivity over time, after BCG vaccination
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Fig. 1. –Proliferation of peripheral blood mononuclear cells from bacille Calmette-Guérin (BCG)-vaccinated healthcare workers with
positive ($) and negative (#) tuberculin skin tests, after in vitro stimulation with tuberculin purified protein derivative (PPD) RT23,
heat-killed Mycobacterium tuberculosis cells and a culture filtrate from M. tuberculosis. The individual values of proliferative responses are
presented as the difference in counts per minute (Dcpm) between the radioisotope uptake in stimulated cultures and nonstimulated control
cultures. The median value in each group is indicated by a horizontal line. ***: pv0.001.
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Fig. 2. –Concentrations of interferon-gamma (IFN-c) in supernatants from peripheral blood mononuclear cell cultures from bacille
Calmette-Guérin (BCG)-vaccinated healthcare workers with positive ($) and negative (#) tuberculin skin tests, after in vitro stimulation
with tuberculin purified protein derivative (PPD) RT23, heat-killed Mycobacterium tuberculosis cells and a culture filtrate from
M. tuberculosis. The median value in each group is indicated by a horizontal line. ***: pv0.001.
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[23]. Nevertheless, and despite of the low incidence of
TB in Sweden, 78% of the 381 healthcare workers who
were initially tested had positive tuberculin reactions.
Cross-reactions with the immune response to non-
tuberculous mycobacteria are likely to have con-
tributed to these reactions [24], as well as to the
in vitro results in the present study. Such reactions
have been suggested to induce protection against TB
as well [25, 26].

In vitro results supporting the concept of antigen-
specific IFN-c production as an accurate indicator of
vaccine responses have recently been published. Thus,
BCG-induced lymphocyte transformation and IFN-c
responses developed more rapidly in subjects pre-
viously sensitized to mycobacterial antigens than in
nonsensitized subjects [14], which is to be expected by
a memory T-cell response. In addition, a study from
South India found that despite tuberculin conversion
after BCG vaccination, in vitro responses did not
increase significantly, a finding consistent with the
lack of BCG efficacy previously demonstrated in the
same area [27].

A recently published review of mainly non-BCG-
vaccinated populations [28] showed the highest risk of
TB in subjects with the largest tuberculin reactions. In
several studies, however, the lowest risk was not
registered among those with the smallest reactions,
but in subjects with low-grade tuberculin reactions. In
contrast, a review of controlled trials of BCG
vaccination from different parts of the world showed
no relationship between the average tuberculin con-
version rate in each trial and the efficacy of the BCG
strains [11]. However, a tendency for a positive
correlation of tuberculin sensitivity and protection
was found within each vaccine strain studied [11], e.g.
in the British Medical Research Council trial [10] and
a trial in western USA [29].

The presented results, indicating a relationship
between vaccine-induced tuberculin reactivity and
surrogate markers of protective immunity, are in
accordance with those of a study from the USA
performed 3 months after BCG vaccination [30], as
well as 1–3 yrs after vaccination [19]. In contrast, the
previously mentioned study from South India [27]
showed no such relationship, pointing out the crucial
importance of the demographic and environmental
setting for the efficacy of BCG vaccination as well as
for the significance of the tuberculin reaction.

Based on a large-scale BCG study in Malawi [12],
the investigators drew the general conclusion that
postvaccination tuberculin reactivity does not corre-
late with protection against TB. However, in countries
such as Malawi, where BCG neither adds protection
against TB nor increases tuberculin reactivity sub-
stantially, a relationship between postvaccination
tuberculin reactions and BCG-derived protective
immunity against TB is unlikely. In contrast, such a
relationship is more likely to exist in settings like
Scandinavia, in which both the efficacy of BCG and
postvaccination tuberculin conversion rates [31] are
high. It is suggested that a relationship between the
postvaccination tuberculin reaction and protection
against TB may exist in such settings, and that the

results from countries such as Malawi cannot be used
to draw general conclusions on this issue.

Protective immunity against tuberculosis is in all
probability more complex than just the capacity to
mount a T-helper 1 response. However, the presented
results and studies reviewed in this paper support the
traditional practice of regarding the tuberculin skin
test as an indicator of protection against tuberculosis
in bacille Calmette-Guérin-vaccinated subjects. To
safeguard staff health, the exclusion of tuberculin-
negative healthcare workers from the care of smear-
positive patients seems appropriate, especially in cases
of multidrug-resistant tuberculosis. These conclusions
are relevant to settings such as those in the present
study, but they may not be generally applicable.
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23. Kröger, Katila ML, Korppi M, Brander E, Pietikäinen
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