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Cytotoxic molecules such as granulysin, perforin and granzymes produced by cytolytic T cells directly
contribute to immune defense against tuberculosis (TB). In search for novel TB biomarkers, we have
evaluated the levels of granzyme A in plasma obtained from QuantiFERON-TB Gold In tube (QFT-IT)
assays from patients with active TB disease and subjects with latent TB infection (LTBI).

Granzyme A serum levels in TB patients were significantly lower than values found in LTBI subjects
even after subtraction of the unstimulated levels from the antigen-stimulated responses. The receiver

g?; ;V;;r(ﬁe A operator characteristics (ROC) curve analysis comparing TB patients and LTBI groups, showed that at a
IFN-y cut-off value of granzyme A of <3.425 pg/ml, the sensitivity and the specificity of the assay were 29.41%
IGRA tests and 94.74%, respectively.

Tuberculosis Our results suggest that granzyme A could be considered another biomarker of TB, that can be used,
Infection other than IFN-v, to discriminate between patients with active TB and LTBI subjects in a well characterized
Disease cohort of confirmed Mycobacterium tuberculosis-infected individuals.

© 2015 European Federation of Immunological Societies. Published by Elsevier B.V. All rights reserved.

1. Introduction

With 1.4 million deaths and 9 million cases per year, tubercu-
losis (TB) remains a global health care problem and control of the
global TB epidemic has been impaired by the lack of an effective
vaccine, by the emergence of drug resistant forms of Mycobacterium
tuberculosis (Mtb) and by the lack of sensitive and rapid diagnostics
[1-3]. It is estimated, by epidemiological reports, that one-third of
the world’s population is latently infected with Mtb, but the major-
ity of infected individuals develop long-lived protective immunity,
which controls and contains Mtb in a T cell-dependent manner.
Development of TB disease results from interactions among the
environment, the host, and the pathogen, and known risk fac-
tors include HIV co-infection, immunodeficiency, diabetes mellitus,
overcrowding, malnutrition, and general poverty; therefore, an
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effective T cell response determines whether the infection resolves
or develops into clinically evident disease.

The diagnosis of TB disease remains a challenge in resource-
constrained settings [ 1]. In fact, although the analysis of the sputum
is widely used for the diagnosis of active TB, Mtb is not always
detectable in the sputum as occurs in, such individuals with
extra-pulmonary TB (EPTB) and children [2,4], making this test
low sensitive. Therefore, EPTB and smear-negative pulmonary TB
(PTB) are usually diagnosed based on clinical symptoms. The gold
standard remains the isolation and culture of the bacilli from spu-
tum but this requires long time [5]. Interferon gamma (IFN-y)
release assays (IGRAs) have added a new tool for the immune-based
diagnosis of TB, as these tests are highly specific and accurate in the
diagnosis of Mtb infection, especially when compared to the skin
test [6]. The limits of these tests are represented by the inability
to discriminate between subjects with active TB disease and sub-
jects with latent infection [1,6,7]. Therefore, several Mtb specific
antigens [8,9], and host markers other than IFN-y in Mtb-specific
antigen-stimulated whole blood culture assays have been investi-
gated for TB diagnostic purposes [10,11]. The need for biomarkers
extends beyond the urgency for improved diagnostic tools: the
assessment of the disease status and of the risk of progression to
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Table 1

Characteristics of study groups.
Enrolled subjects (%) Healthy donors Pnl LTBI Active TB Total

N=18 N=10 N=19 N=34 81
(22.2) (12.3) (23.4) (42) (100.0)

Median age 32.5 41 32 31 32
(IQR) (21-59) (30-56) (16-61) (20-51) (16-61)
Male gender (%) 8(44.4) 6(60) 9(47.4) 26(76.5) 43(60.6)
Origin N (%)
Western Europe 18(100.0) 10(100.0) 12(63.2) 6(17.6) 36(50.7)
Eastern Europe - 5(26.3) 20(58.8) 25(35.2)
Asia - - 5(14.7) 5(7.0)
Africa - 2(10.5) 3(8.8) 5(7.0)
BCG N (%)
Vaccinated 7(36.8) 29(85.3) 38(53.5)
Unvaccinated 18(100.0) 10(100.0) 12(63.2) 5(14.7) 32(45.1)
TSTN (%)
Positive - 7(36.8) 12(35.3) 19(26.8)
Negative 18(100.0) 10(100.0) 2(10.5) 5(14.7) 25(35.2)
Unknown - 10(52.6) 17(50.0) 27(38.0)
Pulmonary TB diagnosis
Microbiological diagnosis - - 34(100.0) 34(100.0)
Pulmonary pneumococcal infection - 10(100.0) - - -

Microbiological diagnosis

active disease or the assessment of treatment success early during
therapy are critical bottlenecks in the development of new vac-
cines and drugs, and could allow categorization of therapy based
on individual risk of unfavorable outcome. While, the necessity to
discriminate between LTBI and active TB, clear-cut biological mark-
ers separating the two conditions are not yet available [12-14].
Biomarkers and surrogate endpoints are therefore crucial tools for
the development of innovative strategies for TB management [15].
Since several reports on human and mouse TB have provided that
several T cells use granule-dependent killing of Mtb-infected cells,
in our study, we aimed to investigate whether granzyme A could be
detected at the different phases of Mtb infection (LTBI, active TB)
patients in order to use this molecule as specific signature for TB
diagnosis.

2. Materials and methods
2.1. Characteristics of the enrolled individuals

81 individuals were prospectively enrolled as here reported: (a)
healthy donors (HD): 18 individuals PPD~ (8 men, 10 women, age
range 21-59 years); (b) individuals with pulmonary pneumococcal
infection (Pnl): 10 individuals (6 men, 4 women, age range 30-56
years); (c) latent infection subsets (LTBI): 19 individuals (9 men,
10 women, age range 16-61 years) who reported household or
equivalent close contact (work) with smear-positive pulmonary TB
patients in the previous 3 months, tested TST and QFT-IT-positive,
with negative chest radiographic results for pulmonary lesions and
no prior preventive therapy; (d) active TB group: 34 individuals
diagnosed with TB (either with a positive culture for Mtb from
sputa or with positive Mtb-specific RNA amplification results from
biopsy specimens and/or biological fluids) 26 men, 8 women (age
range 20-51 years) who started specific treatment <8 days before
enrolment (see Table 1).

All the patients were recruited from the L. Spallanzani National
Institute for Infectious diseases, Rome. TB-infected patients had
clinical and radiological findings consistent with active pulmonary
TB [16]. Diagnosis was confirmed by bacteriological isolation of
Mtb in 25 patients. Patients who resulted negative to Mtb culture
in sputa were classified as having “clinical TB” when (i) clini-
cal, pathological and radiological findings consistent with TB were

documented; (ii) an alternative diagnosis was excluded, and (iii) a
full course of anti-TB treatment was started and an appropriate clin-
ical/radiological response was obtained. All patients were treated
in accordance with Italian guidelines and received therapy for 6
months. Treatment was successful in all participants, all of whom
completed the full course of anti-TB chemotherapy, as evidenced
by the absence of any clinical or radiographic evidence of recur-
rent disease and sterile mycobacterial cultures. Plasma obtained
from cells stimulated for QFT-IT was collected. None of the TB
patients had been vaccinated with BCG, or had evidence of HIV
infection, or was being treated with steroid or other immunosup-
pressive or anti-tubercular drugs at the time of their first sampling.
Tuberculin (PPD) skin tests were considered positive when the
induration diameter was larger than 10 mm at 72 h since injec-
tion of 5U of PPD (Statens Serum Institut, Copenhagen, Denmark).
The study was approved by the Ethical Committee of the L. Spal-
lanzani National Institute for Infectious diseases (INMI), approval
number 2/2007, Italy, where the patients were recruited. Informed
consent was written by all participants. Individuals with LTBI were
defined as healthy people with a positive tuberculin skin test and
QFT-IT test and no symptoms and signs of active TB. Among the HIV-
uninfected subjects the healthy donors were selected as subjects
without reported exposure to Mtb and QFT-IT negative. Individ-
uals who tested positive to HIV antibody (three subjects) or were on
immunosuppressive drugs (two subjects) were not included in the
study. Upon enrolment, demographic and epidemiological infor-
mation was collected through a structured questionnaire. QFT-IT
was performed using TB antigen (overlapping peptides from CFP-10
and ESAT-6 and TB7.7), mitogen- and unstimulated tube (nil).

2.2. QuantiFERON TB-gold in tube (QFT-IT)

QFT-IT (Cellestis Limited, Carnegie, Victoria, Australia) was per-
formed using TB antigen-, mitogen- and unstimulated tube (nil).
The tube containing TB antigen uses overlapping peptides from
CFP-10 and ESAT-6 and TB7.7. The assay was performed and the
results were scored as indicated by the manufacturer’s instructions
(the cut-off value for a positive test was 0.35IU/ml). An indetermi-
nate score was assigned if the [FN-y response to the mitogen after
subtracting the nil IFN-vy response was <0.5 IU/ml or if the nil IFN-
v response was >8IU/ml. The reported results from QFT-IT were
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Fig. 1. Significance of granzyme A levels in plasma after whole blood stimulation in patients with active TB, LTBI subjects, healthy PPD~ donors (HD).

(A, B) Levels of granzyme A in patients with active TB and LTBI (A); (B) levels of granzyme A obtained by subtraction of the unstimulated levels from the antigen-stimulated
response. (C, D) Serum granzyme A levels in healthy donors (C) and in patients with an unrelated pathology, pulmonary pneumococcal infection (D). Each dot represented
one individual. The horizontal bar indicated the median of each group. p <0.05 were considered statistically significant.

tabulated after the subtraction of the relative unstimulated control.
The patients were analyzed for the IFN-v release using QFT-IT.

2.3. Granzyme A-response based assay

The level of granzyme A was measured in the plasma of QFT-
IT tubes using Human granzyme A ELISA assay (Bioscience, UK)
according to the manufacturer’s instructions. Plasma was diluted
1:2 and further dilutions were performed if necessary.

2.4. Statistical analysis

The mean values were calculated. Differences between two
independent subjects groups were evaluated by Mann-Whitney
test. Analysis was carried out with SPSS v.19 for Windows (SPSS
Italia SRL, Bologna, Italy). All analyses were two sided, where a
p value <0.05 was considered as statistical significant. The accu-
racy of granzyme A for the diagnosis of TB disease was estimated
by performing receiver operator characteristics (ROC) curve anal-
ysis. Optimal cut-off values were selected based on the Youden’s
index, defined as the largest difference between the sensitivity and
specificity, taken over all points on the ROC curve [17]. Data were
analyzed using the Statistica software (Statsoft, Ohio, USA) and
GraphPad prism, version 5.0 (GraphPad Software, San Diego, CA,
USA).

3. Results

Serum granzyme A levels were compared in patients with
active TB and LTBI subjects in order to find out differences
that may improve the detection of the response to QFT-IT for
immunodiagnosis of TB. Basal levels of granzyme A (i.e. in unstim-
ulated plasma) were low and comparable in all tested groups.

Appreciable granzyme A levels were detected in TB antigens-
stimulated plasma: median granzyme A levels in TB patients
were 31.97 pg/ml and this value was significantly different than
median values found in LTBI subjects (50.51pg/ml, p<0.04)
(Fig. 1A).

The antigen specific responses of granzyme A obtained by sub-
traction of the unstimulated levels from the antigen-stimulated
response were analyzed in order to evaluate the contribution of
unstimulated marker level to the diagnosis of TB infection/disease.
As shown in Fig. 1B, differences between granzyme A median levels
in LTBI subjects and patients with active TB were maintained and
found still significant as previously reported (p=0.02), even after
subtraction of background levels.

Serum granzyme A levels were also analyzed in healthy donors
and in patients with an unrelated pathology, pulmonary pneumo-
coccal infection. Levels of granzyme A both in unstimulated and in
Ag-TB-stimulated plasma were low in both tested groups, (Fig. 1C
and D), thus indicating the specificity of the assay.

Of interest, results of antigen-specific levels of granzyme A were
paralleled by data of antigen-specific production of IFN-vy assessed
by QFT (Fig. 2), which were also significantly lower in patients with
active TB when compared to LTBI subjects (Fig. 2). However, as
shown in Fig. 3, we did not find any significant correlation between
specific levels of granzyme A and IFN-vy.

We assessed the diagnostic accuracies of granzyme A marker
detected in overnight whole blood stimulation by ROC curve anal-
ysis. As shown in Fig. 4, the area under the ROC curve obtained
comparing patients with active TB versus LTBI subjects was 0.6935
(95% CI 0.5424-0.8446) with p=0.02. When a cut-off value of
granzyme A of <3.425 pg/ml was chosen for scoring purposes to
maximize the sum of sensitivity and specificity, we found that the
sensitivity and the specificity were 29.41% and 94.74% respectively,
comparing active TB patients with LTBI subjects. These results
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Fig. 2. IFN-v levels in plasma after whole blood stimulation in patients with active
TB and LTBI subjects.

Each dot represented one individual. The horizontal bar indicated the median of
each group. p <0.05 were considered statistically significant.

suggest that granzyme A could be considered an additional
biomarker of TB infection/disease.

4. Discussion

In our study we have investigated the potential of granzyme
A levels in plasma obtained from stimulated whole blood, as
biomarker of infection/disease comparing patients with active TB
disease with LTBI subjects.

IGRAs are well established and remain the tests of choice for
the diagnosis of TB infection/disease in many settings. However,
these assays do not discriminate between LTBI and active TB disease
and are therefore not recommended in high burden settings [18].
Therefore, new diagnostic tests based on Mtb antigens and host
markers would be mostly beneficial to TB control programs if such
antigens and markers are incorporated into rapid, point-of-care test
platforms.

Over the past decade both human and Mtb biomarker stud-
ies have focused on three specific areas of research: biomarkers
predicting treatment efficacy and cure of active TB [19,20], the
reactivation of latent tuberculosis infection, and the induction of
protective immune responses by vaccination and drug trial design
[21-23].

The current challenge is to identify markers that are specific
and unique for TB that could represent a specific signature when
compared with other infectious diseases which have high clinical
similarity to TB.

Several groups of research still focus on assessing the qual-
ity of single biomarkers, there is an emerging interest in panels
of biomarkers composed of multiple candidate targets which are

LTBI
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Fig. 4. Receiver operating characteristic (ROC) curve for the absolute value of
granzyme A after antigen-specific stimulation. The solid line shows the result for
the absolute values of granzyme A. Absolute values were calculated by subtracting
the OD of the tube with mitogens and the negative control from the absorbance of
the tube containing Mtb-antigens. The area under the curve (AUC) was 0.6935 (95%
C10.5424-0.8446) with p<0.02.

neither specific nor sensitive when used as single tests, but which
show a good performance when used in combination. Different
strategies have been employed in terms of improvements of the
existing IGRA test, trying to incorporate additional Mtb antigens in
order to improve diagnostic sensitivity of the tests without compro-
mising specificity [24]. Moreover, measurement of different soluble
molecules such as cytokines or chemokines or cytotoxic molecules
in addition to IFN-vy has also been proposed as a way of improving
the diagnostic sensitivity of IGRAs [25]. Very recently, areview of 22
studies investigated on the role of IP-10 in TB diagnosis empathiz-
ing that its levels may be used to better detect TB infection in young
children and in people with TB-HIV coinfection, where usually the
counts of CDAT cells are very low [26].

Several groups have studied the role of different cytotoxic
molecules, like granulysin, perforin and granzymes in TB. Worku
and Hoft have previously demonstrated that increased mRNA
expression of perforin, granzyme and granulysin contribute to
a protective host response in human TB [27]. This improved
mechanism of protection has also been demonstrated using
antibody blockage of the granule exocytosis pathway, that dra-
matically reduced the lytic activity of T cells against Mtb-infected
macrophages and the increase of intracellular growth of bacteria
[28]. Similarly, granulysin expression by CD4* memory T cells is a
candidate immune marker for TB infection, notably, in childhood
and adolescence [29] and CDA4T cells expressing granulysin cor-
relate with the clinical forms of leprosy [30]. Our own previous
studies demonstrated significantly lower plasma granulysin levels
in adults with active disease in highly endemic area in Indonesia,

Active TB

0 50 100 150
Granzyme A

Fig. 3. Correlation between levels of IFN-y and granzyme A in patients with active TB and LTBI subjects.
The levels of IFN-y were not correlated with levels of granzyme A both in patients with active TB and LTBI. The r and p values were determined with the Spearman correlation

coefficient.
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and in children with TB disease in Italy [31], which increased after
completion of therapy. An important aspect of that study was that
the granulysin levels did not correlate with IFN-y levels suggesting
that their cellular source in part was not overlapping [32].

Recently, Pitabut et al. have evaluated granulysin, perforin,
granzyme-B and IFN-vy levels by ELISA in patients with pulmonary
TB with and without HIV coinfection. They found that circulat-
ing granulysin and perforin levels in TB patients were lower than
healthy controls, whereas the granulysin and perforin levels in TB-
HIV coinfected patients were much higher than in any other groups,
suggesting activation of the immune system in TB-associated HIV
infection [33,34].

Results here reported show that serum granzyme A levels were
significantly lower in patients with active TB disease compared
to LTBI subjects. Based on these data, we performed a ROC anal-
ysis using TB patients and LTBI (Fig. 4). Significant results for area
under the curve (AUC) analysis were obtained. For scoring purposes
we chose a cut-off to maximize the sum of sensitivity and speci-
ficity. We found that a granzyme A cut-off <3.425 pg/ml predicted
a discrimination between active TB patients and LTBI subjects with
29.4% sensitivity and 94.7% specificity. The value of ROC curve high-
lighted that the test has poor sensitivity but is highly specific, which
means that there is high probability that a patient with active TB
is negative to the test and that LTBI subject is found positive to
the test. On the other hand, the low level of sensitivity, could rep-
resent a limit of the test. Exploiting the very high specificity of
the granzyme A assay, clearly points to this molecule as a poten-
tial biomarker of TB infection/disease; moreover, we would like to
stress the point that this is a pilot study which presents limita-
tions that will require additional work to be overcome. Above all,
the study was performed on a relatively small number of individ-
uals and certainly the research would benefit from a larger study
cohorts.

In conclusion, our results suggest that granzyme A could be con-
sidered a new additional biomarker of TB, that can be used, other
than IFN-v, to identify subjects infected by Mtb with the limit due
to not discriminate between active TB and LTBL

Further studies are thus required to confirm these datainalarger
number of patients and to evaluate the possible implications in
terms of TB risk.
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