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Background/Aims: The goal of this study was to monitor tuberculosis (TB)-spe-
cific T-cell responses in cerebrospinal fluid-mononuclear cells (CSF-MCs) and
peripheral blood mononuclear cells (PBMCs) in patients with tuberculous men-
ingitis (TBM) over the course of anti-T'B therapy.

Methods: Adult patients (= 16 years) with TBM admitted to Asan Medical Center,
Seoul, South Korea, were prospectively enrolled between April 2008 and April
2011. Serial blood or CSF samples were collected over the course of the anti-T'B
therapy, and analyzed using an enzyme-linked immunosorbent spot (ELISPOT)
assay.

Results: Serial ELISPOT assays were performed on PBMCs from 17 patients (seven
definite, four probable, and six possible TBM) and CSF-MC from nine patients
(all definite TBM). The median number of interferon-gamma (IFN-y)-produc-
ing T-cells steadily increased during the first 6 months after commencement of
anti-T'B therapy in PBMCs. Serial CSF-MC ELISPOT assays revealed significant
variability in immune responses during the first 6 weeks of anti-T'B therapy,
though early increases in CSF-MC ELISPOT results were associated with treat-
ment failure or paradoxical response.

Conclusions: Serial analysis of PBMCs by ELISPOT during the course of treat-
ment was ineffective for predicting clinical response. However, increases in
TB-specific IFN-y-producing T-cells in CSF-MC during the early phase of an-
ti-T'B therapy may be predictive of clinical failure.
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INTRODUCTION

analysis of tuberculosis (TB)-specific IFN-y-producing
T-cell responses by IGRA over the course of anti-TB

Mycobacterium tuberculosis-specific interferon-y (IFN-v)
releasing assays (IGRAs) are an effective method for
diagnosing tuberculous meningitis (TBM) in both
peripheral blood mononuclear cells (PBMC) and cere-
brospinal fluid mononuclear cells (CSF-MC) [1-4]. Serial
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therapy may be useful in predicting clinical response
[5-9]; however, it is uncertain whether such an analy-
sis would be beneficial in patients with TBM. Here,
we evaluated TB-specific T-cell responses in CSE-MC
and PBMCs using an enzyme-linked immunosorbent
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spot (ELISPOT) assay in patients with TBM during the
course of anti-TB therapy.

METHODS

Study design and patients

Adult patients (= 16 years) with suspected TBM ad-
mitted to Asan Medical Center, a 2,700-bed tertiary
hospital in Seoul, South Korea, were prospectively en-
rolled between April 2008 and April 2011. Patients with
suspected TBM were categorized as definite, probable,
or possible TBM, according to a recently proposed uni-
form case definition, with some modifications [10]. In
brief, patients were classified as having “definite TBM”
if clinical specimens were found to be positive for M.
tuberculosis either by culture or through the use of an
M. tuberculosis polymerase chain reaction assay. Patients
were classified as having “probable TBM” or “possible
TBM” according to the diagnostic scoring system [10].
All patients received standard TB therapy in accordance
with the recommendations of the American Thoracic
Society [11]. Only patients willing to provide serial blood
or CSF samples over the course of anti-TB therapy were
included in the final analysis. The study protocol was
approved by the Institutional Review Board of Asan
Medical Center.

ELISPOT assay

PBMCs and CSF-MCs were isolated from peripheral
venous blood (~8 mL) and CSF (~4 mL), respectively,
within 30 minutes of collection. Cells were then resus-
pended in appropriate medium, and analyzed using
an ELISPOT assay (T-SPOT.TB, Oxford Immunotec,
Oxford, UK) as described previously [1,12]. The mini-
mum threshold for a positive response was defined as
= 6 spot-forming cells per well (SFCs) after subtraction
of the negative control. Indeterminate responses were
defined as < 20 spots in the positive control well, or > 10
spots in the negative control well [1,12].

RESULTS

Forty-six patients with TBM were prospectively en-
rolled during the study period. Of these 46 patients,
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17 (37%), 8 (17%), and 21 (46%) were classified as having
definite, probable, and possible TBM, respectively.
Baseline ELISPOT assays were performed on PBMCs
and CSF-MCs from all 46 patients; however, only 22 of
these patients were willing to provide serial samples
over the course of their treatment. Baseline clinical
characteristics were similar between patients providing
serial samples and those providing only pretreatment
samples (Table 1).

Serial PBMC ELISPOT assays were performed on 17
patients (seven definite, four probable, and six possi-
ble TBM). Among the 15 patients exhibiting positive
ELISPOT results at baseline, no negative reversions (<
6 spots) were observed during the course of treatment;
positive conversion (= 6 spots) occurred in one of two
patients initially diagnosed as negative by ELISPOT.
Median IFN-y-producing T-cell numbers steadily in-
creased during the first 6 months after commencement
of anti-TB therapy in these patients (Fig. 1).

Serial CSF-MC ELISPOT assays were performed
on nine patients with TBM (all definite TBM). Serial
changes in the number of ITEN-y-producing T-cells were
associated with both white blood cell (WBC) counts
and clinical responses (Fig. 2). IFN-y-producing T-cell
counts decreased in four patients with decreasing CSF
WBC counts (patients 1 to 4), but increased in four
others exhibiting increased CSF WBC counts (patients
6 to 9); one patient (patient 5) exhibited no change in
IEN-y-producing T-cell numbers despite a decrease in
CSF WBC counts. None of the five patients, in whom
IEN-y-producing T-cells decreased or remained con-
stant during the early phase of anti-IB therapy, expe-
rienced a worsening of clinical symptoms; however, all
four patients with definite TBM, in whom IFN-y-pro-
ducing T-cells increased, exhibited clear signs of clini-
cal deterioration.

DISCUSSION

Analyses of serial TB-specific IFN-y-producing T-cell
responses in CSF-MCs and PBMCs of patients with
TBM remain limited. Here, we showed that TB-specific
IEN-y-producing T-cell responses in PBMC increased
steadily over the course of 6 months after initiation of’
anti-TB therapy. This finding is consistent with a previ-
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Table 1. Baseline clinical characteristics of 46 patients with tuberculosis meningitis”

Characteristic Patients undergoing serial Patients not undergoing serial
ELISPOT assay (n = 22) ELISPOT assay (n = 24)
Age, yr 45.7+12.4 47.0£16.2
Male sex 10(46) 11(46)
Underlying condition
Diabetes 1(5) 5(21)
Chronic renal failure 1(5) o
Rheumatism 2(9) o
Malignancy 1(5) o
Liver cirrhosis o o
Transplantation o o
No underlying illness 18(82) 19(79)
Immunosuppression” 3(14) 1(4)
Prior TB treatment 3(14) 1(4)
Tuberculin skin test (after 48 hr)
Induration = 5 mm 6/21(29) 5/21(24)
Induration = 10 mm 5/21(24) 5/21(24)
ELISPOT assay before the anti-T'B treatment
Positive ELISPOT results on PBMC 19(86) 17(71)
Positive ELISPOT results on CSF-MC 17(77) 14(58)
CSF profile
WBC count, median cells x 10%/L 150 (50—220) 160(83-510)
% Lymphocytes 70(43-81) 81(59-88)
% Neutrophils 15(0—45) 1(0-13)
Protein, mg/L 184 (114-325) 190(103-316)
Glucose, g/dL 47(34-61) 45(37-58)
CSF/serum glucose ratio 0.37(0.23-0.50) 0.40(0.31~0.46)
CSF adenosine deaminase, U/L 10.5(6.8-17.1) 8.1(5.1-14.3)
Positive AFB stain 2(9) 1(4)
Positive M. tuberculosis PCR 8(36) 4(17)
Positive M. tuberculosis culture 12(55) 4(17)

Values are presented as mean + SD, number (%), or median (interquartile range).
ELISPOT, enzyme-linked immunosorbent spot; TB, tuberculosis; PBMC, peripheral blood mononuclear cells; CSF-MC, cere-
brospinal fluid-mononuclear cells; WBC, white blood cell; AFB, acid fast bacilli; M. tuberculosis, Mycobacterium tuberculosis; PCR,

polymerase chain reaction.

*Tuberculosis meningitis (TBM) included cases of definite (n = 17), probable (n = 8), and possible (n = 21) TB. Of the 46 patients

with TBM, 10 (22%) had miliary TB at initial presentation.

"Immunosuppression was defined as an underlying disease such as rheumatism, liver cirrhosis, or chronic renal failure, and/

or patients receiving immunosuppressive therapy.

ous ELISPOT analysis performed by our laboratory in
which median TB-specific T-cell responses were shown
to increase steadily for up to 6 months in 52 patients
with extrapulmonary TB, followed by a decrease there-
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after [13]. A more complete comparison was not possible
however, as long-term follow-up (> 6 months) in pa-
tients with TBM was not performed.

While some studies have reported increased T-cell
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Figure 1. Serial (A) early secreting antigenic target-6 (ESAT-6) and (B) culture filtrate protein-10 (CFP-10) responses in
peripheral blood mononuclear cell (PBMC) enzyme-linked immunosorbent spot assays after initiation of anti-tuberculosis (TB)
therapy in 17 patients with tuberculous meningitis. Horizontal bars denote medians. IFN-y, interferon-y.

responses during or after anti-TB therapy [13-17], con-
sistent associations between anti-TB therapy and an
attenuated T-cell response in PBMCs have also been
observed [5-9,18-20]. The reasons underlying this dis-
crepancy, along with the small number of negative
reversions with increased T-cell responses described in
this study are not clear. One possible explanation may
be that extrapulmonary TB is more likely to exhibit
a paradoxical response to anti-I'B therapy [21]. Most
studies examining IGRA kinetics during anti-IB ther-
apy have focused exclusively on pulmonary TB [5,6,8,15-
17,19,20], which may explain some of the different re-
sponse kinetics observed in our studies. Further studies
will be necessary to evaluate differences in immune
response kinetics between pulmonary and extrapulmo-
nary TB.

In addition to PBMC-related effects, we also observed
increased TB-specific T-cell responses in CSF-MC
during the early phase of anti-IB treatment, which were
associated with clinical deterioration in patients with
definite TBM. Previously, we had reported a case of
TBM in which a therapy-induced increase in TB-specif-
ic T-cell responses in CSF-MC and PBMCs occurred [22].
Taken together, these studies suggest that the clinical
deterioration seen during the early phase of TB therapy
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may be the result of TB-specific T-cell responses. In-
terestingly, these heightened T-cell responses occurred
not only in patients who died as a result of TBM but
also in those who experienced clinical deterioration de-
spite CSF sterilization, but ultimately improved without
modification to their anti-TB regimen (i.e., paradoxical
response). These observations are consistent with our
earlier work showing that an “immunologic paradox”
often preceded a “therapeutic paradox,” which is strong-
ly predictive of poor outcomes [22]. Further studies will
be needed to evaluate the prognostic value of increased
TB-specific T-cell responses during anti-TB therapy,
and the clinical utility of this phenomenon in patients
with TBM.

Like all studies, this work is not without limitations.
Ten of the seventeen patients (59%) in whom serial
PBMC ELISPOT assays were performed were classi-
fied as having probable or possible TBM on the basis
of clinical features and image findings alone, in the
absence of microbiological confirmation. However, as
existing bacteriological methods are not sufficiently
sensitive to be used for diagnosing TBM alone, the
majority of studies include patients based upon a com-
bination of microbiological, clinical, and radiological
criteria [1,23,24]. These patients were subsequently
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Figure 2. Serial cerebrospinal fluid-mononuclear cell (CSF-MC) enzyme-linked immunosorbent spot assays after initiation of
anti-tuberculosis (TB) therapy in nine patients with definite tuberculous meningitis. Note that the CSF white blood cell (WBC)
counts on the X-axis decrease from left to right in patients 1 to 5 but increase in patients 6 to 9. Of the four patients (patients
6 to 9) in whom interferon-y (IFN-y) producing T-cells increased, two (patients 6 and 9) died despite anti-TB therapy, while
the other two (patients 7 and 8) experienced paradoxical responses. ESAT-6, early secreting antigenic target-6; CFP-10, culture
filtrate protein-1o.

classified using a recently proposed uniform case defi-
nition as a way to minimize selection bias [10]. Second,
serial ELISPOT assays were performed in only a small
number of patients with TBM. Although a clear trend

http://dx.doi.org/10.3904/kjim.2014.29.6.793

towards increased T-cell responses in PBMCs was
observed during the anti-TB therapy, the small sam-
ple size was insufficient for most statistical analyses.
Finally, CSF-MC ELISPOT assays were not performed
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at regular intervals. Further studies should include a
larger number of patients with serial measurement
performed at regular intervals.

Despite these limitations, this study may be useful for
understanding the immunologic response to anti-IB
therapy in patients with TBM. Serial analysis of PBMCs
by ELISPOT during the course of treatment was found
to be ineffective for predicting clinical response; how-
ever, increases in TB-specific IFN-y-producing T-cells
in CSF-MC during the early phase of anti-TB therapy
may be predictive of clinical failure.

KEY MESSAGE

1. Serial peripheral blood mononuclear cell enzyme-
linked immunosorbent spot assays during the course
of treatment were found to be ineffective for predict-
ing clinical response in patients with tuberculous
meningitis (TBM).

2. Increases in tuberculosis (TB)-specific interfer-
on-gamma producing T-cell response on cerebro-
spinal fluid-mononuclear cells during the early
phase of anti-T'B therapy may be predictive of clini-
cal failure in patients with TBM.
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