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Summary

 

Diagnosis of infection with 

 

Mycobacterium tuberculosis

 

 (MTB) using tuber-
culin skin testing (TST) is often hampered by prior Bacille Calmette–Guérin
(BCG) vaccination. ESAT-6 is a protein that is expressed by MTB but absent in
BCG. It has been postulated that it might be useful in distinguishing MTB-
specific immune responses. This study measured CD4 T cell responder fre-
quencies specific for ESAT-6 and the TST reagent purified protein derivative
(PPD) in patients with tuberculosis (

 

n

 

 ====

 

 16), controls with non-tuberculous
pneumonia (

 

n

 

 ====

 

 8) and normal subjects (

 

n

 

 ====

 

 7). Responses were identified
using the intracellular cytokine staining technique and flow cytometry on
whole blood samples, and performed blinded to the patient condition. Anti-
gen-specific CD4 cells were defined by CD69 positivity and one or more
cytokine [interleukin (IL)-2, IL-4, IL-10, interferon (IFN)-gggg

 

] and/or CD40L
positivity. With ESAT-6 stimulation it was found that TB patients had signif-
icantly higher frequencies of IFN-gggg

 

 and CD40L-positive CD4 T cells compared
to the normal group, while no significant differences were measured with PPD
stimulation. A responder frequency of 0·01% or higher for at least one of the
measured cytokines/CD40L was defined as a positive response. Using this cri-
terion to compare the two patient groups, PPD had 100% sensitivity but 0%
specificity while ESAT-6 had 100% sensitivity and 88% specificity. Use of
MTB-specific proteins such as ESAT-6 in combination with intracellular
cytokine staining and flow cytometry has the potential to identify individuals
with MTB infection.
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Introduction

 

The incidence of tuberculosis is increasing worldwide as a
result of the HIV pandemic, lack of sufficient public health
resources in the developing world and the breakdown of
health-care delivery in Eastern Europe and the former USSR.
The World Health Organization estimates that one billion
people will be newly infected with 

 

Mycobacterium tuberculo-
sis

 

 (MTB) during the next 20 years [1]. While the diagnosis
of active tuberculosis is relatively straightforward, diagnosis
of latent infection remains difficult due to the lack of a sim-
ple, reliable test for 

 

M. tuberculosis

 

 infection. Tuberculin skin
testing (TST) with purified protein derivative (PPD) is not
specific in people vaccinated with Bacille Calmette–Guérin
(BCG) [2].

One solution to this problem is the identification and
purification of MTB-specific antigens. ESAT-6 is a secreted
antigen of both MTB and wild-type 

 

M. bovis

 

 but is absent
from BCG. Investigation of immune responses to this anti-
gen in cattle has shown that it can differentiate between
infected and vaccinated animals [3]. Although the immune
response that it elicits is approximately only a tenth of that of
PPD [4], human studies have shown similar promising
results [5,6]. The measurement of these responses has gen-
erally relied on the detection of interferon (IFN)-

 

g

 

 produc-
tion by ESAT-6-specific CD4 T cells [7,8]. Released IFN-

 

g

 

can be measured by assessment of the supernatant of the
stimulated cells [8] or by using the enzyme-linked immun-
ospot (ELISPOT) method [9]. Recently the technique of
intracellular cytokine staining (ICC) using multicolour
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immunofluorescent labelling and flow cytometry has been
used to identify ESAT-6 specific CD4 T cells [10,11].

 

M. tuberculosis

 

 is an intracellular pathogen. The usual
immune response follows a T helper type 1 phenotype 

 

-

 

 the
signature cytokine of which is IFN-

 

g

 

 

 

-

 

 and so other studies
have concentrated on measuring responses to ESAT-6 with
this cytokine [8,9]. However, mycobacterial infections may
also be associated with Th2 responses under certain circum-
stances. Lepromatous and tuberculoid leprosy are examples
of dichotomous immune responses to the same pathogen,
resulting in different patterns of disease [12,13]. Recently, a
similar phenomenon has been described with 

 

M. ulcerans

 

(MU): patients who have had an ulcer are more likely to
respond to MU antigen with Th-2 type cytokine production
than healthy exposed controls [14]. Furthermore, there is
some evidence in animal and human investigations of MTB
infection that Th-2 responses can also be observed with this
disease [15,16], and so measurement of these markers could
aid diagnosis further.

In this study we investigated whether the ICC technique
could distinguish patients with tuberculous pneumonia
from non-tuberculous pneumonia on the basis of CD4 T cell
responses to ESAT-6 and PPD. Besides IFN-

 

g

 

 we measured
interleukin (IL)-2, the Th2 cytokines IL-4 and IL-10 and also
the activation marker to CD40L to determine whether it
could increase the sensitivity and specificity of this assay in
diagnosing MTB infection.

 

Methods

 

Study groups

 

The protocol for this study was passed by the Ethics Com-
mittee of Monash Medical Centre and was in accordance
with the Helsinki Declaration of 1975, as revised in 1983.
Informed consent was obtained from all subjects prior to
enrolment.

Subjects in the control and TB case groups used for this
study were patients at Monash Medical Centre, a 646-bed
tertiary referral hospital located in Melbourne, Australia.
The hospital has a weekly out-patient tuberculosis clinic and
notifies approximately 50 new cases of tuberculosis per year.
The normal donor group consisted of volunteers (four male/
three female) with an age range similar to the two patient
groups (27–56 years). All were healthy and under no medi-
cation at the time of testing.

All adult patients with newly diagnosed, active TB and
normal immune function were invited to participate in this
study. The diagnosis was generally confirmed by culture;
however, patients were not excluded if they had a history,
signs and investigation results strongly suggestive of TB and
responded to TB therapy. Blood was drawn from all patients
within 2 weeks of the commencement of treatment.

Exclusion criteria were haematological malignancy, HIV,
other immunosuppressive disease, current or previous che-

motherapy and immunosuppressive treatments, including
oral corticosteroids.

To serve as controls, adult patients aged less than 50 years
with non-tuberculous pneumonia and with a low risk of
prior exposure to MTB, and subject to the same exclusion
criteria as the cases, were invited to participate. Low expo-
sure risk was defined as being born in Australia or other low-
incidence country and without other recognized risk factors
for MTB exposure. These risk factors were working in the
health-care industry, prolonged overseas travel and house-
hold contact with tuberculosis. The age cut-off was chosen to
reduce further the risk of controls having had prior exposure
to MTB.

The diagnosis of non-tuberculous pneumonia was based
on microbiological or clinical criteria. Microbiological diag-
nosis was made when a respiratory pathogen was isolated
from clinical specimens and chest X-ray showed consolida-
tion in a patient with an infective syndrome of less than
2 weeks’ duration. Clinical pneumonia without microbio-
logical confirmation was defined as a short history of illness
(

 

<

 

2 weeks), consolidation on chest X-ray, investigations in
keeping with an acute inflammatory state, response to con-
ventional antibiotics and complete resolution after a month.
All controls were followed-up by telephone after at least 1
month to ensure that pneumonia had resolved and no alter-
native diagnosis had been made.

 

In vitro

 

 antigen stimulation

 

The intracellular cytokine (ICC) method used was adapted
from Suni 

 

et al

 

. [17], with the assays performed blind.
Briefly, 6 ml of blood was collected in Li heparin tubes and
transported to the laboratory within 6 h to ensure lympho-
cyte viability. Samples were divided into three 2 ml ali-
quots. One was incubated with PPD (Cellestis, Melbourne,
Australia), one with ESAT-6 (a gift from Jim Rothel,
Cellestis) and the final aliquot served as a non-stimulated
control. Co-stimulatory antibodies CD28 [1 

 

m

 

l ascites/1 ml
blood (CLB, the Netherlands)] and CD49d [1 

 

m

 

g/ml
(Cymbus Biotechnology, Southampton, UK)] were added
to all samples. An ESAT-6 dose–response experiment
found that a concentration of 5 

 

m

 

g/ml achieved optimal
stimulation (data not shown). The PPD was used at the
dose recommended by the manufacturer for 

 

in vitro

 

 use.
The blood was cultured at 37

 

∞

 

C for 6 h, with the Golgi
transport inhibitor brefeldin A (10 

 

m

 

g/ml) added for the
last 5 h. After 6 h, ethylenediamine tetra-acetic acid
(EDTA) (2 m

 

M

 

) was added to detach any adherent cells.

 

Four-colour immunofluorescence labelling

 

Red blood cells were lysed with a NH

 

4

 

Cl solution. Leucocytes
were then pelleted and resuspended in 2% paraformalde-
hyde for fixation (30 min, on ice). Following this the cells
were washed and left in FACS wash [phosphate-buffered
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saline (PBS)/1% fetal calf serum (FCS)/0·01% NaAzide]
overnight at 4

 

∞

 

C. The following day, cells were pelleted and
pre-permeablized in 0·2% saponin (5 min, on ice). The cells
were spun down and again resuspended in saponin, this time
divided into three aliquots, and the following combination
of fluorochrome-conjugated antibodies added: anti-IL-2/
FITC (fluoroscein) 

 

+

 

 anti-IL-4/PE (phycoerythrin) 

 

+

 

 CD69/
PECy5 (phycoerythrin–cyanine 5) 

 

+

 

 CD4/APC (allophyco-
cyanin); anti-IFN-

 

g

 

/FITC 

 

+

 

 anti-IL-10/PE 

 

+

 

 CD69/PECy5 

 

+

 

CD4/APC; and anti-IFN-

 

g

 

/FITC 

 

+

 

 CD40L/PE 

 

+

 

 CD69/
PECy5 

 

+

 

 CD4/APC. All antibodies were obtained from Bec-
ton Dickinson Immunocytometry Systems (San Jose, CA,
USA) except for CD4/APC, purchased from Exalpha (Bos-
ton, MA, USA). Isotype control antibodies were not used in
this study, as previous work had found the same level of
background staining in both antigen-stimulated and
unstimulated samples.

Cells were incubated (30 min, on ice) and then washed
once in saponin. They were then resuspended in FACS wash
and left at 4

 

∞

 

C until flow cytometric analysis.

 

Flow cytometry

 

Antibody labelled cells were analysed on a Mo-Flo flow
cytometer (Cytomation, Fort Collins, CO, USA). The instru-
ment was equipped with a 488 nm argon ion laser for exci-
tation of the FITC, PE and PECy5 fluorochromes and a
633 nm HeNe laser for excitation of APC-labelled antibod-
ies. The four fluorescences along with forward and side light-
scatter were collected and analysed using the Summit Soft-
ware program (Cytomation).

The lymphocytes were gated using forward and side light-
scatter and their CD4 and CD69 labelling displayed. Addi-
tion of the co-stimulatory antibodies without antigen did
not result in any induced positive cytokine and/or CD40L
staining in the subjects studied here. Gating on the

CD4

 

+

 

 CD69

 

+

 

 cells and measuring their cytokine and/or
CD40L staining then determined antigen reactive cells.
Because of the low frequency of cells expected at least
40 000 CD4 cells were counted, with 

 

>

 

60 000 counted, in
most cases, for each sample tested.

The frequency of antigen-specific cells was defined as the
percentage of CD4 cells positive for CD69 and cytokine/
CD40L minus background staining from the non-stimulated
sample for each subject. As in a previous study of CD4 T cell
responses to TB antigens [10], an arbitrary cut-off of 0·01%
CD4 T cells was classified as a positive response.

 

Statistical analysis

 

anova

 

 analysis of the normal, control and case groups
results was used to determine statistically significant differ-
ences. Significance was defined as 

 

P

 

 

 

<

 

 0·05. The analysis was
executed by the GraphPad Prism software program (Graph-
Pad Software, San Diego, CA, USA).

 

Results

 

Subject details

 

Cases

 

Seventeen patients with newly diagnosed active tuberculosis
were recruited between May and September 2000. Patient
details are presented in Table 1. Sixteen had pulmonary
tuberculosis and the remaining patient had a tuberculous
psoas abscess. Three patients had extra-pulmonary involve-
ment in addition to pulmonary disease. All the TB patients
were overseas-born, the majority from South-east Asia and
the Indian subcontinent. The average age was 38 years. One
subject was excluded from the study because there were not
sufficient T cells to allow ICC analysis.

 

Table 1.

 

Tuberculosis patients’ clinical details

Patient Sex Age Country of birth Diagnosis Pulmonary site Cavitation Extrapulmonary site

1 M 25 China Micro. Apical RLL No

2 F 48 Vietnam Micro. RUL,RML,RLL No

3 M 24 India Micro. RUL No

4 F 19 Vietnam Micro. RUL Yes

5 M 41 Vietnam Micro. LUL Yes Ileum

6 M 23 Vietnam Micro. RUL No

7 M 45 Philippines Clin. RUL Yes

8 F 32 India Micro. LUL Yes

9 F 57 Sri Lanka Histol. RUL No

10 M 79 Holland Micro. RUL,LUL No Pleura

11 F 39 Somalia Micro. No Psoas

12 M 22 Hong Kong Micro. Apical RLL Yes

13 M 39 Philippines Micro. RUL No Peritoneum

14 M 58 Vietnam Micro. RUL Yes

15 F 29 Cambodia Micro. LUL Yes

16 F 30 India Micro. LUL Yes
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Diagnosis was confirmed by culture in 15 cases, one
patient was diagnosed on clinical and histological criteria,
and one on clinical criteria alone. The diagnosis made on
clinical and histological grounds was a 57-year-old woman
with a past history of treated pulmonary tuberculosis who
presented with a chronic illness associated with fevers, loss of
weight and raised inflammatory markers. Chest x-ray (CXR)
showed an area of increased density in the right upper lobe.
A needle biopsy of this area revealed granulomatous inflam-
mation but was smear- and culture-negative for MTB. She
commenced anti-tuberculous chemotherapy and symptoms
and inflammatory markers improved. The clinical diagnosis
of tuberculosis was made in a 45-year-old Filipino man who
was investigated after an immigration chest X-ray demon-
strated an area of consolidation in his right upper lobe.
Computerized tomography (CT) of the chest confirmed
consolidation in this area as well as some cavitation. His
tuberculin skin test was strongly positive and he underwent
bronchoscopy with washings of the right upper lobe
(RUL) before commencing anti-tuberculous chemotherapy.
Although cultures were negative, a repeat chest CT scan at
2 months showed significant improvement and he com-
pleted a 6-month course of treatment.

 

Controls and normal subjects

 

Eight patients with non-tuberculous pneumonia were
recruited. Details are presented in Table 2. The average age
was 32 years. A single control patient was born in New
Zealand and the remainder were Australian-born (the cur-
rent annual incidence of tuberculosis in Australia 5·2/
100 000). The majority had been vaccinated previously with
BCG and none had risk factors for prior TB exposure. Res-
piratory pathogens were isolated from three that were con-
sidered responsible for their pneumonia. Despite thorough
investigation, aetiology of pneumonia could not be estab-
lished in the remaining five controls.

Seven normal volunteers were recruited for testing. All
were Australian-born, with an average age of 43 years. All
had been vaccinated previously with BCG.

 

Measurement of antigen-specific CD4 T cell frequencies

 

PPD-specific CD4 responses

 

The proportion of cytokine/CD40L positive CD4 T cells fol-
lowing PPD stimulation for each subject tested is presented
in the left-hand column of Fig. 1. Representative histograms
detailing PPD-induced IFN-

 

g

 

 and CD40L staining in CD4 T
cells from subjects in both patient groups are shown in
Fig. 2. Overall, no significant differences were found between
the normal subjects, controls and cases for percentage of
PPD-responding CD4 cells for any of the cytokines/CD40L
measured.

Using a positive response threshold of at least 0·01% CD4
T cells it was found that all six normal subjects tested had
positive CD40L and IL-2 responses following PPD stimula-
tion. Five of six were positive for IFN-

 

g

 

, and two of six for IL-
4. No positive IL-10 responses were detected in this group. In
the control group, applying the 0·01% positive response
threshold to the PPD stimulation data resulted in at least one
positive cytokine and/or CD40L measurement in all subjects.
Seven of eight non-TB patients had a CD40L positive
response, with four of these seven also positive for IFN-

 

g

 

,
two for IL-2, two for IL-4 and one for IL-10. The control that
did not have a positive response for CD40L did have positive
responses with IFN-

 

g

 

 and IL-10. Again, as for the controls, all
TB cases had at least one positive response for the cytokines/
CD40L measured. More of the TB patients had a positive
result for each of the cytokines/CD40L tested than the con-
trols: 15 of 16 for CD40L, 15 of 16 for IFN-

 

g

 

, 12 of 16 for IL-
2, seven of 16 for IL-4 and six of 14 for IL-10. The sole TB
patient negative for the CD40L response was positive for
IFN-

 

g

 

, IL-2 and IL-4. If the positive threshold was increased
to 0·05% it was found that all TB patients had at least one
positive cytokine/CD40L response, while three controls of
the eight and five of the six normal subjects tested still scored
positive. The positive PPD reactions detected among the
control and normal groups indicates that enumerating PPD-
specific CD4 T cells is not a useful means to discriminate
patients with tuberculous pneumonia from non-tuberculous

 

Table 2.

 

Control patients’ clinical details

Control Sex Age

Country

of birth Cough Sputum SOB Temp (

 

∞

 

C)

WCC 

(10

 

9

 

/l) CRP Consolidation Microbiology

1 M 29 Australia Yes Yes Yes 38·7 16·1 186 LLL

 

Streptococcus pneumoniae

 

2 F 27 Australia No No Yes 38·9 23·3 236 LLL

 

Streptococcus pneumoniae

 

3 M 23 Australia Yes Yes Yes 37·2 15·9 475 RLL

4 F 35 Australia No No Yes 38·6 30·4 173 Basal RUL

5 M 30 Australia No No Yes 39·5 11·2 262 RLL,LLL

6 F 33 Australia Yes No Yes 39·2 19·0 45 RUL

7 F 40 New Zealand Yes No No 38·4 9·1 28 RLL,LLL

 

Influenza B

 

8 F 38 Australia Yes No No 38·3 10·8 317 RML,RLL
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Fig. 1.

 

Each of the cytokine/CD40L responses to purified protein derivative (PPD) (left column) and ESAT-6 (right column) for the three groups 

studied; normal subjects, controls and cases. Note that responses are seen to each cytokine/CD40L but none produces a response in all subjects.
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pneumonia. The PPD reactivity in the non-TB groups is due
most probably to previous vaccination with BCG.

 

ESAT-6 specific CD4 responses

 

The proportion of cytokine/CD40L positive CD4 T cells fol-
lowing ESAT-6 stimulation for each subject tested is pre-
sented in the right-hand column of Fig. 1. Representative
histograms detailing ESAT-6-induced IFN-

 

g

 

 and CD40L
staining in CD4 T cells from subjects in both patient groups
are shown in Fig. 2. The antigen specificity of the ESAT-6
response was confirmed by complete blocking of the induced
cytokine/CD40L staining by preincubation with anti-HLA-
DR, DP and DQ antibodies. Overall, responses to ESAT-6
were approximately a tenth of those with PPD. Taken as a
whole, the responses for the TB patient group was signifi-
cantly higher for IFN-

 

g

 

 (

 

P 

 

<

 

 0·001) and CD40L (

 

P 

 

<

 

 0·05)
compared to the normal group. No significant differences for
any of the cytokines/CD40L were found between the control
and case groups. Individual TB cases did have strong CD40L,
IL-2 and IL-10 responses, with one of the control patients
also having a higher IL-10 response.

Using the 0·01% positive threshold it was found that no
normal subjects and only one subject in the control group
had a positive response to ESAT-6, and this was only for IL-
10. For the TB cases it was found that 11 of the 16 patients
tested had a positive IFN-

 

g

 

 response, IL-2 five of 14, IL-4 four
of 14, IL-10 five of 14 and CD40L 11 of 16. Every patient in
this group had at least one cytokine or CD40L-positive
response. If the test focused on the two most strongly defined
markers, IFN-

 

g

 

 and CD40L, no controls and 14 of 16
patients had a detectable response to the ESAT-6 protein.
The two remaining TB patients negative for these markers
were strikingly positive for IL-10 alone (both 0·06%), indi-
cating perhaps that these patients had a Th2-type immune

response against this antigen. Unlike the PPD results, the
measured ESAT-6 responses clearly delineated the TB cases
from the control and normal groups, indicating the useful-
ness of this assay in detecting active TB infection.

 

Discussion

 

After approximately 100 years, TST remains the most widely
accepted and used method for the diagnosis of latent MTB
infection. Newer serological and cytokine-based assays have
recently become available, but have yet to demonstrate
clearly enhanced sensitivity and specificity compared with
TST [18,19]. In people who have received prior BCG vacci-
nation (the majority of the world’s population) false positive
results occur with all these tests, and false negative tests due
to anergy or immune deficiency are widely recognized.

In previous work we have shown that the specificity of
immune-based diagnosis can be improved by replacing PPD
with an MTB-specific protein such as ESAT-6 [4]. In this
investigation we used flow cytometry and the intracellular
cytokine staining technique [17] to detect PPD and ESAT-6
specific CD4 T cells in a group of patients who presented
with pneumonia at our hospital. Other studies that have
investigated ESAT-6 specific T cell responses have generally
concentrated on IFN-

 

g

 

 as the reporter protein [7,8]. In con-
trast to these reports, the study presented here examined a
range of cytokine expression, including those associated with
T helper type 2 responses interleukins-4 and -10, as well as
the activation-related co-stimulatory molecule CD40L.

Using the ICC technique we were able to detect clearly
responses to both PPD and ESAT-6 in the subjects we stud-
ied. With PPD stimulation it was found that there was no sig-
nificant difference between the TB and non-TB groups in the
overall CD4 responder frequencies for CD40L and the cytok-
ines measured, and that all individuals tested had a positive

 

Fig. 2.

 

Representative histograms detailing puri-

fied protein derivative (PPD) and ESAT-6 

induced interferon (IFN)-

 

g

 

 and CD40L staining 

in CD4 T cells from subjects in the tuberculosis 

patient group (a–c) and control patient group 

(d–f). Histograms (b, c, e and f) were gated on 

CD4

 

+

 

 CD69

 

+

 

 lymphocytes (R3) in histograms (a) 

and (b), respectively. The percentage in each his-

togram is the frequency of CD4 cells positive for 

CD69 and IFN-

 

g

 

 or CD40L after subtracting 

staining from the non-stimulated control cells.
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response on the basis of the 0·01% responder frequency
threshold. Even if the threshold was raised fivefold it was still
unable to distinguish clearly between MTB and non-MTB
infected subjects. This positive response in the normal and
control groups is due most probably to the prior exposure to
BCG, and reflects similar results to that found with the TST
[2].

Unlike PPD, we found that ESAT-6 stimulation was able to
distinguish the TB and non-TB populations studied, with
only one of the eight controls and no normal subjects having
a response above the 0·01% threshold, but all 16 TB patients
having a positive response to at least one of the cytokines/
CD40L measured. The specificity of this test was increased to
100% if only the IFN-g and CD40L results were taken into
consideration, but at a corresponding loss of sensitivity.
Interestingly, the two TB patients who had no detectable
IFN-g and CD40L response to ESAT-6 did have clear IL-10
positivity. This could indicate in these patients that the
immune response directed at the MTB infection was of a Th2
type, or at least was not the usual Th1 response expected
with intracellular pathogen infection [13].

Our results are similar to other published studies that
investigated the use of the ICC technique to enumerate TB
antigen-specific CD4 T cells. Tesfa et al. compared normal
donors and known TB patients using the ICC assay [10].
They found that all patients and 10 of 11 normal subjects had
a positive IFN-g CD4 T cell response to PPD as defined by
the same 0·01% cut-off that we used. With ESAT-6 stimula-
tion they found 13 of 15 of the TB patients had an IFN-g-
positive response while none of the normal subjects did.
Unlike our study, they did not investigate other cytokines
besides IL-2, which they found was of no greater sensitivity
than IFN-g, and did not use patients with non-TB pneumo-
nia as a control group. Interestingly, two of the 15 patients
they could not identify as ESAT-6 responders corresponds
well with two of the 16 patients we detected who were IL-10-
positive but negative for IFN-g, indicating the advantage of
using other markers besides IFN-g for detecting CD4
responses. Sester et al. investigated PPD and ESAT-6
responses in normal subjects and haemodialysis patients
using the whole-blood ICC technique [11]. They also found
that IFN-g responses could be detected in both groups, with
the number of ESAT-6 responders less than PPD. Unlike our
investigation, they did not try to correlate the ESAT-6
response with TB infection.

A single control patient in our study exhibited a high IL-
10 response to ESAT-6 compared to the rest of the control
group. One possible explanation for this result was that this
subject was indeed infected with TB, although this seems
unlikely, as we went to some effort to select controls without
latent infection. A second explanation is that the IL-10
response to ESAT-6 is non-specific, but this is also unlikely in
view of other evidence that immune responses to ESAT-6 are
specific (although ESAT-6 analogues have been identified in
some other species of mycobacteria, including M. kansasii

[20]). We therefore attribute this finding to a technical lim-
itation in our methodology as employed, but a true positive
response due to exposure to MTB or another ESAT-6 con-
taining mycobacterium cannot be excluded.

Studies have shown that a minority of patients with MTB
infection have Th2 responses [16]. These patients are
unlikely to be detected using strategies that rely on the mea-
surement of Th1 cytokines such as IFN-g. The current study
suggests that these patients may be detected by assessing Th2
cytokine responses. In this study both IFN-g and CD40L-
negative patients were detected with the inclusion of these
cytokines. However, one control was positive for IL-10 in
response to ESAT-6. It is difficult to be certain of the true and
false positive rates of ESAT-6-induced IL-10 with a study of
this size, but the results do indicate that larger studies explor-
ing the diagnostic value of Th2 cytokines, especially IL-10,
should be considered. The investigation of additional mark-
ers such as the cell activation surface marker CD40L also
allowed us to increase the sensitivity of the assay further.
CD40L plays a role in a wide range of cellular signalling
activities and interactions [21–23]. It performs similar func-
tions to a cytokine but remains fixed to the cell surface.
CD40L has also been described as a marker of T cell activa-
tion in an ICC study identifying T cells responding to CMV
[24].

Using the results from this successful pilot study, there is
considerable scope to streamline this method of diagnosing
MTB infection. While positive responses were seen with all
cytokines, we found that measurement of IL-4 and IL-2
responses were redundant and could be excluded from
future study. The combination of CD40L and IFN-g alone
was highly sensitive and specific with ESAT-6 stimulation.
Additional cytokines such as tumour necrosis factor (TNF)-
a could also be measured to possibly increase the assay’s use-
fulness. The addition of other MTB-specific proteins such as
CFP10 have already demonstrated their usefulness in
increasing sensitivity and specificity in the IFN-g release
assay [25] and so offer the same potential with the ICC assay
presented here. It has been found that higher frequencies of
TB-specific T cells exist in fluids at the sites of TB disease
[26] and it may be possible to characterize further these cells
with the ICC technique.

The flow cytometric technique was convenient and rapid
and allowed us to test a range of cytokine responses simul-
taneously. It offers the potential for improved accuracy in
diagnosis of MTB infection in individuals, especially those
with positive TSTs due to past BCG vaccination, and may
enable characterization of the immune response occurring
during infection.
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