Korean ] Pediatr Infect Dis Vol.18, No.l, 2011 Original Article

Accuracy of an Interferon-gamma Release Assay to Detect
Active Tuberculosis in Children: A Pilot Study
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Purpose : Early diagnosis of active tuberculosis (TB) in children is difficult, The widely used tuberculin skin test has low
sensitivity and cross reactivity with non—tuberculous mycobacteria or Bacille Calmette—Guérin vaccination, Interferon gamma
release assays have been shown good diagnostic accuracy for active in adults, But studies in children were limited, The
purpose of this study was to examine the performance of enzyme—linked immunospot assay (ELISpot) as an initial test
in the diagnosis of active tuberculosis in children,

Methods : In a hospital-based study, we prospectively examined the performance of ELISPot in 33 children suspected of
active TB. TB was confirmed bacteriologically or histologically.

Results : Among 33 patients, 9 had active tuberculosis. When tested, they all had a positive test result from the ELISpot,
The sensitivity and specificity of the assay were 100% (95% Cl, 66.4—100%) and 95.8% (95% Cl, 78.9-99.9%) respectively,
Conclusion: ELISpot might be an useful and improved clinical diagnostic method for the detection of active TB in children,
(Korean J Pediatr Infect Dis 2011;18:48—-53)
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A diagnosis of active tuberculosis can only be
Introduction confirmed by positive acid—fast stains or positive
cultures for Mycobacterium tuberculosis (M. tuber-

Tuberculosis (TB) is still one of the major public culosis) from any suspected site of the disease.

health problems in the world". Early diagnosis and
treatment of active tuberculosis are the most im-
portant factors in reducing the morbidity, mortality,
and incidence of TB*?. Because of its non—specific
clinical presentation, tuberculosis is one of the most
difficult diseases to diagnose early. Moreover, cur-
rent diagnostic tools take a long time to come out,
have poor sensitivity and cannot reliably exclude

the diagnosis® 2
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However, suitable specimens are difficult to obtain
from children and culture results are frequently
negative and usually too late to manage effectively
4.5

The tuberculin skin test (TST), which has been
widely used to lend support to clinical and radiologi-
cal findings in the assessment of suspected tuber-
culosis, has until recently been the only test avail-
able for the indirect detection of M. tuberculosis
infection. However, the sensitivity of TST is low
and is limited by cross reactivity caused by prior
vaccination with Bacille Calmette—Guérin (BCG) or
by infections with non—tuberculous mycobacteria

(NTM). In Korea, the accurate detection of M tu-
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berculosis infection by TST is particularly limited
by BCG vaccination in childhood. Therefore, im-
proved diagnostic tests are needed.

Interferon gamma release assays (IGRAs) incor-
porating M. tuberculosis specific antigens have
emerged as potential replacements for TST”. The
2 types of IGRA are whole blood enzyme—linked
immunosorbent assay (ELISA) and enzyme-—linked
immunospot assay (ELISpot). Tests that detect T
cells producing IFN—v in response to early secreted
antigenic target 6 (ESAT—6) and culture filtrate
protein (CFP—10) are now available on the market
including the QuantiFERON—TB Gold (Cellestis LTD.,
Carnegie, Victoria, Australia) and T—-SPOT. TB
(Oxford Immunotec, Oxford, United Kingdom) assays.

IGRAs have been shown to have high sensitivity
and specificity in TB infections in adults”. But there
are few studies that have assessed IGRAs perfor-
mance for the clinical diagnosis of pediatric active
tuberculosis® .

Thus, purpose of this study was to examine the
performance of ELISpot as an initial test in the

diagnosis of active TB in children.

Materials and Methods

From April 2007 to August 2008, 33 patients
admitted to the Pusan National University Hospital
with a suspected diagnosis of active TB under 18
yvears of age were examined and included in the
study population. Patients with a prior history of TB
or without symptoms or in an immunosuppressed
state were excluded.

Demographic and clinical details were obtained
from each patient by a detailed medical record in-

cluding: sex, age, date of birth, TB exposure history,
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BCG vaccination history and symptoms suggestive
of TB. Informed consent for inclusion in the study
and a blood sampling for ELISpot was obtained from
the accompanying parent. We reviewed clinical
record retrospectively. All patients had a full clinical
evaluation which included a TST and blood test
including ELISpot, full blood count and chest x—ray.
If required, CT or ultrasonography of the infected
site was examined. Biopsy, acid fast stain and cul-
ture of specimens from suspected site were also
done.

ELISpot (T—SPOT. TB, Oxford Immunotec, Ox-
ford, UK) was carried out according to the manu-
facturer’s guideline and defined as positive or ne-
gative based on the manufacturer’'s recommended
criteria. ELISpot was performed on 3 mL of hepa-
rinized blood. A positive test result was defined as
>b5 spots. The laboratory scientists carrying out the
ELISpot did not know the clinical status of the pa-
tients.

Diagnosis of TB was confirmed by 1) positive M.
tuberculosis cultures or acid—fast stains, or 2)
clinical manifestations or laboratory or pathological
findings consistent with active TB and response to
TB medication. We monitored all patients prospec-
tively to reach a final diagnosis.

The accuracy of the ELISpot was evaluated by
sensitivity, specificity with confidence intervals,
using data from children with active TB vs. children
without TB. Fisher’s exact two sided binomial test
was used to calculate sensitivity and specificity with

confidence intervals.

Results

Among the 33 patients, 9 patients were confirmed
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Table 1. Clinical Characteristics and Laboratory Details of Children with Active Tuberculosis

Patient (/; ?Se) Sex  Clinical features Diagnosis Biopsy, site ;gli cﬁlt:u%e M tupbéﬂlr{u]om

1 1 m M Fever, otorrhea  Tb otomastoiditis Not done (+) +) (+)

2 11 F Fever, cough Pulmonary Tb Not done +) +) (+)

3 11 M Fever, cough Tb pleurisy pleural tissue =) ) =)

4 12 F Hemoptysis Pulmonary Tb Not done (+) +) (+)

5 14 F Supramediastinal Tb lymphadenitis ~ supramediastinal Not Not Not
lymph node lymph node done done done
enlargement

6 15 M Bone pain Bone Tb with Not done =) =) (+)

pulmonary Tb

7 16 F  Palpable bilateral Tb lymphadenitis Not done =) ) Not done
neck mass

8 16 Palpable neck  Tb lympadenitis  cervical lymph ) ) Not done

mass node

9 17 Cough, blood Pulmonary Tb Not done (+) (+) )

tinged sputum

Abbreviations : m, month; Tb, tuberculosis

Table 2. Comparison of the ELISpot and Clinical Diag-
nosis of Active Tuberculosis

ELISpot results

Positive Negative All

n n n

Tuberculosis 9 0 9
Other diagnosis 1 23 24
All 10 23 33

to have active tuberculosis. The median age of chil-
dren with active TB was 14 yrs (range: 1 month to
17 years). 3 had pulmonary TB, 3 had TB lympha-
denitis, 1 had pleural TB, 1 had bone TB with pul-
monary TB and 1 had TB otomastoiditis (Table 1).

Among the 33 patients included in the study, 10
had positive and 23 had negative results when using
ELISpot. All of patients with active TB showed a
positive result from the ELISpot assay (Table 2).
The sensitivity of the assay compared with the cli-
nical diagnosis was 100% (95% CI, 66.4—100%) in
all active TB patients. ELISpot results were nega-

tive for 23 patients whose clinical diagnosis of TB
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Table 3. Diagnoses of Patients with Negative ELISpot

Diagnosis No. of patients
Pneumonia 8
Crohn disease 8
Kikuchi disease 2
Suppurative lymphadenitis 1
Meningoencephalitis 1
Meningitis 1
Ankylosing spondylitis 1
Toxoplasmosis 1
Total 23

was also negative. Their diagnoses were pneumo-
nia, crohn's disease, Kikuchi disease, suppurative
lymphadenitis, meningoencephalitis, meningitis, an-
kylosing spondylitis and toxoplasmosis (Table 3).
The specificity of the assay compared with the cli-
nical diagnosis was 95.8% (95% CI, 78.9-99.9%).

Discussion

We assessed the clinical usefulness of ELISpot

for detection of active TB in children with suspected
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tuberculosis. In this study, the sensitivity and spe-
cificity of ELISpot were 100% (95% CI, 66.4—100
%) and 95.8% (95% CI, 78.9—-99.9%) respectively.
Recent U.S. and United Kingdom national guidelines
recommend T—cell-based interferon—y release
assays for diagnosis of latent tuberculosis, but their
clinical utility in evaluation of pediatric patients with
suspected active tuberculosis is poorly defined. Our
study was performed to evaluate its performance
in the detection of active TB in pediatric patients
admitted to a Korean general hospital.

In adult patients, 10 previous published studies of
QFT—G among patients with active tuberculosis
reported that the sensitivity of QFT—G varied from
55% to 88% with a weighted, pooled mean of 75%

12) reported that sensi-

1w, Recently, Nishimura et al.
tivity and specificity of QFT—G test are 76.6% and
91.2% in all active TB patients. And Davinder et al.
1 reported that sensitivity for active tuberculosis
was 89% with ELISpot PLUS and 85% with standard
ELISpot.

In children with tuberculosis, 3 studies of IGRA
have been published. One study which had been
conducted in country with high burdens of TB and
had included HIV patients reported that sensitivity
of ELISpot was 83% for active TB'Y. Detjen et al.
compared the TST, ELISpot, and QFT—IT in chil-
dren with active TB, showing better correlation of
IGRASs, compared with TST. In their study, the sen-
sitivity of both QFT—IT and ELISpot was 93%. The
specificity of QFT—IT and ELISpot were 100% and
98%”. More recently, Kampmann et al. reported
that the sensitivity of QFG—IT and ELISpot were
80%, 58% in children with active TB. The sensiti-
vity of IGRA varied from 58% to 93%'”.

It is known that ELISpot may be more sensitive
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than QFT to detect recent TB infection, when com-
pared with previous reports, our estimated sensiti-
vity for active tuberculosis is slightly higher. We
believe that small study populations may induce high
sensitivity. In previous studies, active TB patients
were mostly pulmonary TB. In our study, 6 patients
were diagnosed as extra—pulmonary TB. The sensi-
tivity was high in patients with extra—pulmonary TB.

Although, Dewan et al.” did suggest that the QFT
test should not be used alone because of its low
sensitivity in the detection of active disease among
people with suspected TB. According to our study,
ELISpot test provide useful clues for the rapid diag-
nosis of active tuberculosis in children.

ELISpot needs only overnight (16 to 24 h) incu-
bation times. It has no cross reactivity with prior
BCG vaccination or NTM infection which means that
it has higher specificity than TST. Other potential
advantages of ELISpot include logistical conveni-
ence, avoidance of subjective measurement (such as
skin induration), need for fewer patient visits, and
the ability to perform serial testing without inducing
the boosting phenomenon“).

However, since ELISpot is a test for M tubercu-
losis infection, not for the active disease, positive
ELISpot should be interpreted in the context of the
overall clinical picture to decide whether the child
has active tuberculosis or an alternative diagnosis
with incidental M. tuberculosis infection. ELISpot
must be used to screen active TB in the evaluation
of patients with suspected tuberculosis. It can sup-
port the decision to prescribe anti TB medication
early one for highly probable tuberculosis patients
before results of AFB culture or stains come out.
This may be helpful for the progression and effec-

tive treatment for tuberculosis disease.
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In our study, there are a few limitations. It has
small study populations with only 33 patients. And
we excluded the results from TST. So we couldn’t
compare sensitivity of TST with that of ELISpot and
failed to show its statistical significance. In our study
population, most of them were transferred to our
hospital after having a TST at a prior hospital. Be-
cause results of TST were measured and indicated
subjectively, we excluded them. An additional much
larger study including the comparison of ELISpot
and TST results is needed to better define its per-
formance for active TB.

In conclusion, we found that ELISpot is sensitive
and is a clinically useful initial method to detect
active tuberculosis in children. Combined use of TST

with ELISpot can enable rapid management of active

tuberculosis.
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