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ABSTRACT

The immune response against mycobacterium tuberculosis (MTB) is cell mediated. T-cells become sensitized
when they encounter MTB antigens and subsequently activated effector T-cells produce a number of cytokines
including interferon- y (INF-y) to fight the infecting organisms. Demonstration of either production of INF-y
or presence of effector T-cells sensitized to MTB specific antigens in vitro can be diagnostic for TB infection.
Aim of this study wasto determine the efficacy of commercially available T-SPOT.TB kit which is used for the
in vitro diagnosis of TB infection and to determineif thistest has any cross reactivity in leprosy patients. Blood
sample was taken from 30 sputum AFB positive, 30 sputum AFB negative healthy controls and 10 cases of
paucibacillary leprosy patients. The blood samples were processed to separate peripheral blood mononuclear
cells. The fina cell suspensions were cultured along with MTB specific antigens namely- Early Secretory
Antigenic Target (ESAT-6) and Culture Filtrate Protein (CFP 10) along with negative and positive controls.
The production of INF- y was demonstrated by enzyme linked immunospot (ELISPOT) assay technique. All
AFB positive samples produced INf-y after exposure to MTB specific antigens. 4 (16.6%) of healthy controls
were also found reactive for INF-y. The sensitivity and "specificity” for active disease of the ELISPOT (T-
SPOT.TB) in respect to AFB microscopy was 100% and 85.7% respectively. Assessment of CMI against
tuberculosis, by demonstrating effector T-cell sensitized to MTB antigens can be use to aid the diagnosis of
tuberculosis. T-SPOT.TB has no cross reactivity with leprosy patients.
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INTRODUCTION

Tuberculosis (TB) is an infectious disease which affects
one-third of theworld's population, killing approximately
2 million annually.! TB remains a magjor public health
problem in Nepa killing about 5000-7000 per year.?
Though numerousassaysareavailable, accurate diagnosis
of TB continuesto beamajor issuein laboratory medicine,
dueto poor sensitivity, timeto result and cost of testing.34

The immune response to infection with Mycobacterium
tuberculosis (MTB) is predominantly a cell mediated
immunity (CMI) response, in which T-cells are sensitized
with MTB antigens. Activated effector-T cells produce
different cytokinesincluding interferon-y (IFN-y)tofight
the infecting organism.> Due to the short life of effector
T-cells, their continuing presence indicates the cellular
immune response is currently encountering and fighting
a pathogen somewhere in the body.® Measuring the
presence of effector T-cellsin asampletherefore diagnoses
an ongoing infection.

Recently, in vitro tests based on detection of CMI for the
diagnosis of TB have become commercialy available.
Thesetestsusethe M TB - specific antigensnamely- Early

Secretory Antigenic Target- 6 (ESAT-6) and Culture
Filtrate Protein 10 (CFP-10) peptides to stimulate M.
tuberculosis- sensitized T-cellsfor the production of 1FN-
v ."8 ESAT-6 and CFP-10 antigens are specific for MTB
and are produced from genomic area called Region of
Difference 1 [RD1]. RD 1 was lost from the M. bovis
genome when the organism was passaged during the
development of the BCG vaccine. If the patient sample
contains M. tuberculosis- sensitized T-cells, after exposure
tothesesantigensin vitro, will secrete|[FN-y > Therefore
demonstration of the production of IFN-afrom the effector
T- cdllsin vitro can be used to diagnose TB.

Diagnosisof TB by in vitro demongtration of CMI isnow
commercially available as QuantiFERONTB Gold
(Cellestis Ltd, Victorig, Audtralia) and T-SPOT.TB assay
(Oxford Immunotec; Oxford, UK). These assays have
been approved for diagnostic use in Europe and the USA
and are being used to diagnose both latent TB infection
and active TB diseases.**®

The aim of this study was to evaluate the T-SPOT.TB kit
insmear positive TB patient, healthy controlsand identify
any cross reactivity in leprosy patients.
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Table-1: Comparison of result among smear positive
group, healthy control group and PB leprosy group

Reactive|Non- Reactive| Indeterminate
Smear Positive Group (n=30) 27 0 3
Healthy Control Group (n=30) 4 24 2
PB Leprosy Group (n=10) 0 10 0

MATERIALS AND METHODS

Participants: Seventy participants were selected in this
study, 30 were sputum AFB positive patients, 30 were
sputum AFB negative healthy controls and 10 were cases
of paucibacillary (PB) leprosy. 10 ml of heparinized venous
blood was collected from each subject.

T-SPOT.TB: TheT SPOT.TB test wasperformed according
to the manufacturer’s instructions. Peripheral blood
mononuclear cells (PBMCs) were isolated by standard
Ficall-Hypague density gradient centrifugation from 10 mL
of the heparinized blood (Fig. 1). After centrifugation the
white, cloudy band of PBMCs was removed and washed
in gterile cal culture medium (GIBCO AIM-V) to ensure
complete remova of endogenous IFN-y. Then a viable
cell count was performed using trypan blue dye in a
haemocytometer. PBMCs were diluted with the AIM-V
medium so that the fina solution contained 2.5x10° cdlls/
100uL . Four wells of a96-well microtitre plate, pre-coated
with monoclona antibodies directed against IFN-y were
used for each sample. 50uL AIM-V medium was added in
first well as negative control, 50iL of ESAT-6 and CFP 10
wasadded for second and third wellsrespectively and S0uL
of phytohaemagglutinin wasadded in fourthwell aspositive
control. Then 100uL of the patient’s find cell suspension
was added to al wells and incubated in a humidified
incubator a 37°C with 5% CO, for 16-20 hours. During
thisperiod M TB- sengitized T-cdllswere stimulated by these
antigens producing IFN-y . Secreted IFN-y is captured by
specific antibodies on the surface of the well. The plate
was then washed with 200uL Phosphate buffered sdine.
50uL of second antibody, conjugated to alkaline
phosphatase, directed to a different epitope of the IFN- vy
wasadded and incubated at 2-8°C for 1 hour. After washing
again, 50uL substrate solution was added to each well and
incubated at room temperature for 7 min. In this period the
substrate was cleaved by bound enzyme to form a spot of

Table-2: Comparison in AFB smears Positive Subjects and
Healthy Controls

Reactive | Non-Reective
Smear Positive Patients (n=27) 27 0
Healthy Controls (n=28) 4 24

Sensitivity- 100%, " Specificity" for active disease-85.7%, PPV-
87.1%, NPV- 100%

insoluble precipitate at the Ste
of thereaction. Finaly theplate
was thoroughly washed with
distilled water to stop the
reaction and the number of

spots formed in each well was Plasma
counted under 10X microscope

lens. Each spot represents the !
footprint of an individual PBMC ——
cytokine-secreting T cell (Fig.

2). The number of spots Ficoll
obtained  provides a hypaque
measurement of the abundance ’

of M. tuberculosis -sensitized RBC
effector T- cells in the

peripheral blood.

Fig. 1. Separation of

PBMC by Ficoll-Hypaque

density gradient
centrifugation

Test wells were scored as
reactiveif either or both ESAT-
6and CFP-10 contained at least
five spot forming cells more than the negative control well.
But when negative control well contained >5 spot, the test
was considered reactive, if test well contain at least twice
the spot number than negetive contral well.*67

Statistical analysis: The sengtivity, "specificity” for active
disease, positive predictive value (PPV) and negative
predictivevaue(NPV) wereca culated by comparing results
of T-SPOT.TB in Smear positive group and hedlthy contrals.

RESULTS

Threesamplesfrom amear positive patientsand two from hedlthy
contrals were indeterminate due to inaufficient responses to the
positive contral. All the remaning samples from smeer positive
petientswere reactive. Four (16.6%0) of hedthy control weredso
reective. All 10 PB leprosy cassswere non reedtive (Teble-1).

Table-2showscomparisonof T-SPOT.TB resultsinamear podtive
subjects and hedlthy controls Sengttivity of the T-SPOT.TB is
100% and the "spedificity” for active diseaseis 85.7%.

DISCUSSION

Diagnosisof TB isoften achieved through theidentification
of AFB in sputum microscopy. Although microscopy is
ample, specific and rapid it lacks sensitivity, requiring >
10%- 10* bacilli per mL of specimen.® Definitive diagnosis
is based on culture of the Mycobacterium tuberculosis
complex. However, cultureof MTB takesupto 6to 8weeks.
Molecular tests, such as PCR, and phage based assays are
available, but are subjected to possible contamination and
subsequent false positive results.

In light of these diagnostic problems, clinicians often rely
ontuberculinskintesting (TST) to demongtrateaninfection
with MTB. TST is based on determination of CMI against
MTB in vivo. However, the diagnogtic value of TST is
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Table-3: comparison of sensitivity in T-SPOT.TB studies

Study, Year (Reference) Sensitivity (%)
Meier et al., 2005 (13) 96
Leeet al., 2006 (26) 95
Goletti et al., 2006 (27) 91
Jafari et al., 2006 (28) 100
Kang et al., 2007 (24) 87
Detjen et al., 2007 (29) 93
Wang et al., 2007 (30) 87
Janssens et al., 2007 (31) 98
Ozekinci et al., 2007 (32) 93

limited. It shows high rates of false-positive results due to
antigenic cross-reectivity with BCG vaccine and also with
environmenta mycobacteria®192 Further, false-negative
results among immunocompromised patients are not
uncommon leading to poor sengitivity. Variability when
placing the TST and interpreting the results is common
and potential disadvantage of an anamnestic response with
successve tests. Further the test requirestwo patient visits,
onetogivethetest and oneto haveit read and gpproximately
one-third of those who are given the TST never return to
have the result read. -2

Different studies have found that the sensitivity and
specificity of thedemonstration of effector T-cellsproducing
IFN-y on exposure to the MTB specific antigen is much
better than traditional TST.*>4% Therefore, the in vitro
assessment of CM | using M TB specific antigenispreferred
to TST.

In our results T-SPOT.TB has an excellent sendtivity of
100%. All of the patients with active disease were T-
SPOT.TB positive. Based on the high sensitivity in active
disease, anegative test makes active TB infection unlikely.
Previous studies have aso found the test to have a high
sengitivity, ranging from 87 to 100% (Table-3). Therefore,
thistest can be very valuable in screening for tuberculosis.

On the other hand previous studies have dso indicated a
high specificity, ranging from 92 — 100%.263\We obtai ned
a "specificity” of only 85.7%. All of these studies were
conductedin countrieswithlow prevaenceof TB incontrol
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Fig. 2. Visualization of spot under 10x microscope

Negative control Positive control

groups selected to have no identifiable exposure to TB.
The lower specificity valuein thisstudy is probably dueto
the high prevalence of TB in our country so latent TB
infection cannot be excluded in the control group. Thiswill
produce a positive T-SPOT.TB result. To determine the
utility of the T-SPOT.TB test to rule out active TB, the
background prevaence of positive T-SPOT.TB resultsin a
population must beknown.* Thisis probably thefirst study
inNepal, demongtrating |FN-y producing sendtized T-cells
for diagnosis of TB. No data are available to compare
specificity of thisassay in high prevaence arealike Nepd.
Therefore further studies in healthy populations should be
donetofind background prevalence of positive T-SPOT.TB

in Nepal.

On the other hand, we found al PB leprosy patients to be
negative by T-SPOT.TB suggesting that this test has no
cross-reaction with leprosy even though L-ESAT, a M.
leprae antigen is very homologous to the T-ESAT-6 used
in this test. Therefore, thistest can be used in our country
even though leprosy is endemic. However, further studies
with larger sample size are required to verify this.

Themagjor limitation of T-SPOT.TB isthat itisseverd times
more expensive than TST making it not feasible for
universal use in developing countries. On the other hand
there were five (7.1%) indeterminate results due to
insufficient responses to the positive control. This may be
patient specific, or caused by the unfamiliar protocol or
poor viability of cells in our hands. Further, use of T-
SPOT.TB could be limited in routine laboratory due to
relatively short time-frame allowed between blood
sampling and processing, error in separating, counting and
incubation of PBMCs and counting the spot-forming units
after completion of the test.

T-SPOT.TB for the assessment of CMI for tuberculosis, by
demonstration of effector T-cell sensitizedtoMTB antigens
can be an dternative to aid the diagnosis of tuberculoss.
Comparedtothe TST, thetest ismore sensitive and specific
and does not require patients to return for a second visit.
Further, it can aso used in detecting latent TB infection
and continues to perform well in immunocompromised
subjects. Thistest does not appear to have cross reactivity
with leprosy. Cost and technica limitations may prevent
the replacement of the TST in developing countries.
However this test can provide valuable information about
the disease and aid in diagnosing TB.
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