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Резюме

Поиск методов, улучшающих раннюю диагностику ту-
беркулезной инфекции, особенно активно ведется в 
последние два десятилетия. Диагностика латентной 
туберкулезной инфекции повысит эффективность про-
тивотуберкулезных мероприятий. Туберкулез у  боль-
ных ВИЧ, частота которого среди впервые заболев-
ших возрастает, имеет клинико-иммунологические и 
патоморфологические особенности, затрудняющие 
верификацию диагноза. Риск развития туберкулеза у 
ВИЧ-инфицированных в 30 раз выше, чем в популяции 
в целом. Диагностика особенно затруднена на стадии 
выраженного иммунодефицита. В последнее два деся-
тилетия все шире используются IGRA-тесты, имеющие 
более высокую специфичность, чем туберкулиновые 
кожные пробы. Представлен обзор литературы срав-
нения диагностической эффективности тестов T-SPOT.
TB и QuantiFERON-TB Gold in-Tube у пациентов с подо-
зрением на активный туберкулез. По данным публи-
каций у пациентов с ВИЧ при квантифероновом тесте 
чаще встречаются ложноотрицательные результаты 

при выраженном снижении количества CD4+-клеток. 
Чувствительность теста T-SPOT.TB практически не за-
висит от возраста пациента, тогда как чувствитель-
ность QuantiFERON-TB снижается после 30 лет. При 
проведении теста T-SPOT.TB не отмечается влияние 
принимаемых пациентом лекарственных препаратов 
на тест. На основании обзора литературы сформиро-
вано предположение, что применение T-SPOT.TB на-
иболее целесообразно в следующих случаях: когда па-
циент принимает препараты, угнетающие выработку 
гамма-интерферона (глюкокортикоиды); когда паци-
ент принимает препараты, снижающие уровень лейко-
цитов (группа НПВС — аспирин, парацетамол, кеторол, 
цитостатики и др.); у детей до 5 лет и лиц пожилого воз-
раста. Представляется перспективным использование 
T-SPOT.TB в комплексе обследования пациентов с ВИЧ-
инфекцией. 

Ключевые слова: туберкулез, латентный туберку-
лез, ВИЧ-ин фекция, QuantiFERON-TB Gold, T-SPOT.TB, 
IGRA-тесты



16 МЕДИЦИНСКИЙ АЛЬЯНС, том 9, № 2, 202116

Фтизиатрия, пульмонология

Summary

The search for methods to improve early diagnosis of 
tuberculosis has been particularly active in the last two 
decades. Diagnostics of latent tuberculosis infection will 
increase the efficacy of anti-tuberculosis measures. Tu-
berculosis in HIV patients, which is increasingly common 
in the incident population, has specific clinical, immuno-
logical, and pathomorphological characteristics posing 
challenges to diagnosis confirmation. HIV-infected indi-
viduals have a 30-fold risk of tuberculosis compared with 
the general population. Diagnostic challenges are par-
ticularly high at the stage of severe immunodeficiency. In 
the last two decades, IGRAs, which have a higher specifi-
city versus tuberculin skin tests, have been increasingly 
used. We present a literature review of studies comparing 
the diagnostic efficacy of T-SPOT.TB and QuantiFERON-
TB Gold in-Tube assays in patients with suspected active 

tuberculosis. According to literature data, QuantiFERON 
assay more frequently yields false negative results in 
HIV patients with markedly decreased CD4+ cell counts. 
T-SPOT.TB sensitivity is essentially independent of age, 
whereby the sensitivity of QuantiFERON-TB reduces after 
the age of 30 years. T-SPOT.TB assay was not found to be 
affected by drug therapy. Based on this literature review, 
we assume that the use of T-SPOT.TB assay is most ap-
propriate in the following cases: in patients taking drugs 
that inhibit gamma interferon production (glucocorti-
coids); in patients taking drugs that reduce leukocyte lev-
els (NSAIDs: aspirin, paracetamol, Ketorol; also cytostatic 
agents etc.); in children under 5 years and in elderly sub-
jects. T-SPOT.TB appears to be a promising test within the 
assessment of HIV-infected patients. 

Keywords: tuberculosis, latent tuberculosis, HIV-in fec-
tion, QuantiFERON-TB Gold, T-SPOT.TB, IGRAs

Introduction

According to WHO, one third of the world population 
is estimated to have latent tuberculosis infection. These 
data were published in 1999, based on the results of tu-
berculin skin testing. In the last two decades, IGRAs have 
been increasingly used. They have a higher specificity 
versus tuberculin skin tests but are not used for the as-
sessment of latent tuberculosis infection prevalence. 

Study goal

A review of scientific publications has been conduct-
ed to determine the share of in vitro tests in the research 
of options for early diagnosis of tuberculosis. 

Study materials and methods

A literature search was conducted using the following 
databases: Russian Science Citation Index, CyberLenin ka, 
Scopus, Web of Science, MedLine, PubMed. Search key-
words included: tuberculosis, HIV infection, QuantiFERON-
TB Gold and T-SPOT.TB, IGRAs, latent tuberculosis. A total 
of 39 papers were reviewed in detail.

Results

A systematic review and meta-analysis of the preva-
lence of latent tuberculosis infection (LTI) based on IGRA 
and tuberculin skin testing results published between 
2005 and 2018 have been conducted by Cohen A. and 
Mathiasen D in 2019 [1]. The authors estimated the re-
gional and global prevalence of LTI. In the studies, coun-
tries were classified as having a low, intermediate, or 
high tuberculosis incidence. A pooled estimate has been 

obtained for each region using a random effects model 
(a statistical model where the model parameters are ran-
dom variables). After a preliminary screening of 3280 stu-
dies, the authors selected 88 studies from 36  countries 
based on the results of IGRAs and tuberculin skin tests. 
The global prevalence of latent tuberculosis was 24.8% 
based on IGRAs and 21.2% and 24.1% based on tubercu-
lin skin tests with 5-mm and 10-mm infiltrate size cut-offs, 
respectively. These results correlate with WHO estimates.

In 2011, C. Lai et al. [2] have conducted a study to com-
pare the diagnostic efficacy of T-SPOT.TB and QuantiFER-
ON-TB Gold in-Tube tests in patients with suspected active 
tuberculosis. From October 2009 to October 2011, a total 
of 200 patients with suspected tuberculosis were included 
in the study. Clinical and microbiological characteristics 
and blood samples for T-SPOT.TB and QFT-GIT testing were 
collected from 200 subjects. The diagnosis of “tuberculo-
sis” had been confirmed in 98 (49%) of these subjects by 
mycobacterium tuberculosis detection in culture, a high 
probability of tuberculosis was found in 18 (9%), and tu-
berculosis was excluded in the remaining 84 (42%) sub-
jects. The sensitivity, specificity, positive predictive value, 
and negative predictive value for the diagnosis of active 
tuberculosis using T-SPOT.ТВ testing were 83%, 71%, 81%, 
and 75%, respectively. For QFT-GIT, the sensitivity, specific-
ity, positive predictive value, and negative predictive value 
for the diagnosis of active tuberculosis were 66%, 76%, 
80%, and 62%. T-SPOT.TB showed a higher sensitivity and 
resulted in a lower amount of uncertain results compared 
with QFT-GIT testing in the diagnosis of active tuberculosis.

In 2012, K. Higuchi and Y. Sekiya [3] conducted a 
comparison of specificities between T-SPOT.TB and 
QuantiFERON®-TB Gold in strictly selected Japanese 
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subjects with a low risk of tuberculosis. Of a total of 
111  subjects vaccinated with BCG, one positive result 
and 110 negative results were obtained using both tests 
based on global thresholds. Although some meta-analy-
ses have reported a higher specificity for QuantiFERON®-
TB Gold versus T-SPOT.ТВ, their study shows an equally 
high specificity for both tests in a population with a really 
low risk of tuberculosis infection.

In 2011, T. Simpson et al. have tested 541 adult im-
migrants who came to USA from countries with a high 
tuberculosis prevalence using QFT-GIT [4]. A positive test 
result was obtained in 24% of subjects. The authors found 
that QFT-GIT may not provide relevant results in signifi-
cantly immunocompromised populations.

In 2016, W. Bae et al. have conducted a retrospective 
study to review health records of tuberculosis patients 
tested using QFT-GIT or T-SPOT.TB from February 2008 to 
December 2013 [5]. Their goal was to establish how test 
sensitivity changes with age. Positive results obtained 
with both tests were confirmed using bacteriological and 
PCR methods. The QFT-GIT group included 192 tubercu-
losis patients, 76 (39.6%) of which had active pulmonary 
tuberculosis; the T-SPOT.TB group included 212 tubercu-
losis patients, 143 (67.5%) of which had active pulmonary 
tuberculosis. The overall sensitivity was 80.2% for QFT-
GIT and 91.0% for T-SPOT.TB. QFT-GIT and T-SPOT.TB sen-
sitivities according to age groups were the following: 

 • <29 years, 93.3% (QFT-GIT) and 96.7% (T-SPOT.TB); 
 • 30–49 years, 86.5% (QFT-GIT) and 94.7% (T-SPOT.

TB); 
 • 50–69 years, 73.8% (QFT-GIT) and 87.5% (T-SPOT.

TB);
 • >70 years, 68.3% (QFT-GIT) and 85.7% (T-SPOT.TB).

Thus, T-SPOT.TB was shown to have a higher over-
all sensitivity (91.0%) versus QFT-GIT (80.2%). Both tests 
showed a statistically significant reduction in sensitivity 
with increasing age. The magnitude of reduction in sen-
sitivity was higher for QFT-GIT compared with T-SPOT.TB.

E. Chiappini, F. Bonsingori et al. (2012) have conduct-
ed a review of studies assessing the efficacy of IGRAs in 
pediatric practice [6]. A literature search was performed in 
Medline, EMBASE, and Cochrane databases using several 
keywords and standard terminology for papers published 
until January 27, 2011. The quality of the studies was as-
sessed based on MOOSE checklist and the results of ad-
equate studies have been pooled. Sixty-seven pediatric 
studies (study population ranging from 14 to 5244 chil-
dren) were analyzed. ESAT-6 and CFP-10 tests have been 
carried out in 11 studies. QuantiFERON-TB Gold (QFT-G), 
QuantiFERON-TB Gold In-tube (QFT-G-IT), and T-SPOT.TB 
assays have been performed in many studies [7–9]. Sen-
sitivity for active tuberculosis ranged from 51 to 93% for 
QuantiFERON-TB Gold and QuantiFERON-TB Gold In-tube 
assays, and from 40 to 100% for ESAT-6 and CFP-10 assays, 

which demonstrates that a negative IGRA result does not 
exclude tuberculosis. Combining tuberculin skin test and 
IGRA results increased the diagnostic sensiti  vity. The rate 
of indeterminate results varied greatly (0 to 35%). Most 
of the studies in children younger than 5 years or immu-
nocompromised children showed over 4% of indetermi-
nate results. Higher rates of discordance were reported 
in BCG-vaccinated versus non-BCG-vaccinated children. 
Studies in children younger than 5 years and immuno-
compromised children, as well as studies with serial IGRA 
testing showed conflicting results. The authors consider 
that combined use of tuberculin skin test and IGRAs may 
increase diagnostic sensitivity but interpretation of con-
flicting results remains a challenging issue.

In 2018, Abubakar I and Drobiniewski F. have con-
ducted a study to assess the prognostic value of interfer-
on-gamma assays QuantiFERON® Gold in Tube (QFT) and 
T-SPOT. TB and tuberculin skin test in predicting the devel-
opment of active tuberculosis in high-risk groups [10]. A to-
tal of 9610  high-risk subjects were included in the study 
from 54 centers in London, Birmingham, and Leicester in 
the UK. In this cohort, 4861 subjects (50.6%) were tuber-
culosis contacts and 4749 (49.4%) were migrants. Study 
participants were followed up for an average of 2.9 years 
(21 days to 5.9 years). Ninety-seven of 9610 subjects devel-
oped active tuberculosis (1.0%). The medical assessments 
included T- SPOT.TB, QFT, and tuberculin skin testing. The 
results of all three tests were obtained for 6380 subjects, 
77  (1.2%) of which developed active tuberculosis dur-
ing the study. The results showed that a positive T-SPOT.
TB result is a significantly better predictor of progression 
to active tuberculosis than the other assays. The probabil-
ity of developing active tuberculosis was 8.8-fold higher 
in subjects with positive T-SPOT.TB results than in those 
with negative results. Also, the annual incidence of ac-
tive tuberculosis in participants with positive T-SPOT.TB 
results was 13.2 per 1000 persons. The positive predictive 
value of T-SPOT.TB assay proved to be 28% higher versus 
QFT assay for all the 6380 tested subjects and at least 20% 
higher compared with any other assay: T-SPOT.TB=4.2%, 
QFT=3.3%, tuberculin skin test with a 15-mm infiltrate size 
cut-off=3.5%, tuberculin skin test with a 5-mm infiltrate size 
cut-off=2.2%, and tuberculin skin test with a 10-mm infil-
trate size cut-off=2.7%. Distinctive results were obtained in 
different groups. The positive predictive value of a positive 
T-SPOT.TB result was higher in the group of tuberculosis 
contacts (4.8%) versus the group of migrants. However, the 
positive predictive value of T-SPOT.TB assay was 38% and 
was shown to be higher than the predictive value of QFT as-
say and tuberculin skin test. Authors showed that a positive 
tuberculin skin test result with a 5-mm infiltrate size cut-off 
has a significantly lower predictive value versus all the other 
tests, and a positive T- SPOT.TB result is the best predictor of 
latent tuberculosis progressing to active tuberculosis.
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In 2011, Santin M., Muñoz L., and Rigau D. have con-
ducted a search in MEDLINE, Cochrane, and Biomedicine 
databases to identify articles published between January 
2005 and July 2011, which assessed the diagnostic value 
of QuantiFERON®-TB Gold In-Tube (QFT-GIT) and T-SPOT.
TB assays in HIV-infected adults [11]. The search identified 
38 studies which included a total of 6514 HIV-infected 
subjects. The sensitivity and specificity for detecting tu-
berculosis was 61% and 72% for QFT-GIT assay and 65% 
and 70% for T-SPOT.TB assay, respectively. The cumula-
tive incidence of active tuberculosis was 8.3% for QFT-GIT 
and 10% for TSPOT.ТВ in subjects with initially positive 
results (one study for each test). Authors concluded that 
IGRAs are not accurate enough to confirm or exclude ac-
tive tuberculosis in HIV-infected adults. In their opinion, 
the predictive value of these assays for the development 
of active tuberculosis is low. Most studies suggest that 
the results of such testing are not sufficient to establish 
an accurate diagnosis [12–18].

Since the beginning of the 21st century, tuberculosis 
and HIV coinfection has been an increasingly pressing is-
sue [19, 20]. According to the World Health Organization, 
approximately 208,000 people died from HIV-associated 
tuberculosis in 2019, and the percentage of reported TB 
patients who had a documented HIV test result was 69%, 
up from 64% in 2018 [21]. 

Tuberculosis detection in HIV-positive patients pos-
es unique challenges. Persistent fever is sometimes the 
sole manifestation of tuberculosis. Lung lesions are not 
always visible on photofluorography. Tuberculosis of-
ten involves the central nervous system causing signs of 
meningitis and meningoencephalitis [22]. In 80–94% of 
patients with severe immunodeficiency, tuberculin reac-
tion becomes negative when СD4+ lymphocyte counts 
fall below 200 cells/μL [23]. 

No “gold standard” test is currently available in the 
world for the diagnosis of latent tuberculosis infection in 
HIV-infected individuals. Positive results of both skin im-
munological tests and in vitro assays do not allow to reli-
ably differentiate latent and active tuberculosis. They only 
attest the presence in the body of memory cells which 
have previously came in contact with mycobacterium 
tuberculosis and react to its repeated inoculation. How-
ever, it cannot be determined when the immune system 
encountered the pathogen: recently or many years ago. 
With that said, various immunological tests have certain 
advantages and drawbacks, which must be taken into ac-
count in specific situations [24].

Diaskintest®, developed based on recombinant tu-
berculosis allergen, has been used in Russia since 2010. 
It contains two antigens: ESAT-6 and CFP-10, which are 
components of virulent Mycobacterium tuberculosis 
strains and are absent in the BCG vaccine strain. Since, un-
like tuberculin, this product contains only two antigens, it 

has higher sensitivity and specificity for diagnosing latent 
tuberculosis infection in HIV-negative individuals [25-31]. 
Unfortunately, clinical studies assessing the diagnostic 
value of intradermal Diaskintest in HIV-infected patients 
showed that, although it has a high specificity of up 100%, 
its sensitivity reduces with the decrease of СD4+ lympho-
cyte counts. This means that in severe immunodeficiency, 
when СD4+ lymphocyte counts drop below 200 cells/μL, 
Diaskintest and tuberculin skin test prove uninformative, 
because the immune system is severely compromised in 
HIV-infected patients and cannot react to the test [32].

QantiFERON-TB Gold and T-SPOT.TB assays, which are 
IGRAs (interferon gamma release assays), have a higher 
specificity versus Mantoux test and do not depend on 
previous BCG vaccination or on allergic reactions that may 
occur with skin tests (Mantoux test and Diaskintest) [31]. 

In 2015, Sun H., Hsueh P., and Liu W. have tested 
608  HIV-infected patients using the T-SPOT.TB assay in 
order to determine its predictive value [33]. 534 of the pa-
tients (87.8%) with negative test results did not develop 
tuberculosis within 2.5 years after testing. In 10 patients 
(1.6%) with inconclusive T-SPOT.TB results, also no tu-
berculosis was detected in the following 2.5 years. Of the 
64 patients (10.5%) with positive results, one patient de-
veloped tuberculosis in the following 2.5 years. Thus, au-
thors showed that a negative T-SPOT.TB result has a high 
diagnostic value in excluding tuberculosis.

In 2016, Huo and Peng [34] have conducted a meta-
analysis to compare the efficacy of QantiFERON-TB Gold 
and T-SPOT.TB assays in detecting active tuberculosis 
infection. The HIV-infected subjects included in their 
analysis had mean CD4+ cell counts of 400 cells per mm3. 
Nine cohorts from countries with a high prevalence of 
tuberculosis in HIV-infected subjects (over 40 cases per 
100,000 population) and two cohorts from countries 
with a low prevalence of tuberculosis in HIV patients (less 
than 40  cases per 100,000 population) were analyzed. 
Huo and Peng established that QantiFERON-TB assay has 
a sensitivity of 69% and a specificity of 76%, whereas T-
SPOT.TB assay has a sensitivity of 89% and a specificity of 
87%. I.e. T-SPOT.TB was found to be more accurate than 
QantiFERON-TB Gold.

In 2016, Ayubi et al. [35] have conducted a meta-
analysis to compare the efficacy of QuantiFERON versus 
tuberculin skin test in detecting latent tuberculosis in 
HIV patients. The analysis included 20 studies where HIV 
patients had high CD4+ cell counts. The authors found 
that the QuantiFERON assay has a higher sensitivity ver-
sus the tuberculin skin test. However, with the decrease 
of CD4+ cell counts below 200 cells/μL the rate of nega-
tive QuantiFERON results increased, which means that its 
sensitivity reduced. 

In 2016, Kussen et al. [36] have conducted a study in 
Brazil to compare the efficacy of the QuantiFERON assay 



МЕДИЦИНСКИЙ АЛЬЯНС, том 9, № 2, 2021 19

Фтизиатрия, пульмонология

19

versus tuberculin skin test in diagnosing latent tubercu-
losis in HIV patients. A total of 154 subjects were tested, 
of which 9% did not return to confirm the diagnosis. In 
115 subjects, both tests showed negative results, 12 sub-
jects had a negative tuberculin skin test result and a posi-
tive QuantiFERON result, and 4 subjects had a positive 
tuberculin skin test result and a negative QuantiFERON 
result. A total of 13 patients were diagnosed with latent 
tuberculosis infection and were treated with isoniazid for 
6 months. The QuantiFERON assay was found to confirm 
8% more cases versus tuberculin skin test and had a sen-
sitivity of 69% and a specificity of 90%. With that said, tu-
berculin skin test yielded positive results in patients with 
CD4+ cell counts over 300 cells/mm3, whereas a positive 
diagnosis with the QuantiFERON assay was obtained with 
CD4+ cell counts below 300 cells/mm3. However, authors 
concluded that the QuantiFERON assay should be used in 
combination with tuberculin skin testing rather than alone.

In 2011, A. Cattamanchi et al. [37] have conducted a 
systematic review and meta-analysis to assess the efficacy 
of IGRAs for the detection of tuberculosis in HIV-infected 
subjects who could benefit from treatment for latent tu-
berculosis. The search identified 37 studies which includ-
ed 5736 HIV-infected individuals. Data analysis showed 
that HIV-infected subjects with positive IGRA results had 
a higher risk of active tuberculosis. In HIV-infected sub-
jects with active tuberculosis, T-SPOT.TB showed a higher 
sensitivity versus QFT-GIT. Also, T-SPOT.TB proved to be 
less affected by immunosuppression versus QFT-GIT and 
tuberculin skin test.

P. Madukar, G. Sotgiu [38] concluded that both tuber-
culin skin test and IGRAs have a lower sensitivity in immu-
nocompromised patients, especially those with severe 
immunodeficiency, and cannot predict the progression 

of infection to active tuberculosis. As with tuberculin skin 
testing, a positive IGRA result does not always mean that 
active tuberculosis will eventually develop.

In HIV patients, the more severe the immunodeficien-
cy, the higher the risk of generalized tuberculosis [39]. 
Tuberculosis is reported in 30-70% of HIV patients with 
blood CD4+ cell counts below 200 per 1 mm3 [22, 32]. 

T-SPOT.TB assay was not found to be affected by drug 
therapy. In HIV-infected patients, both tests are highly ac-
curate but the QuantiFERON assay more frequently yields 
false negative results when CD4+ cell counts are mark-
edly decreased. T-SPOT.TB sensitivity is essentially inde-
pendent of age, whereby the sensitivity of QuantiFERON 
reduces after the age of 30 years. Based on this literature 
review, the T-SPOT.TB assay may be recommended in 
the following cases: in patients taking drugs that inhibit 
gamma interferon production (glucocorticoids); in pa-
tients taking drugs that reduce leukocyte levels (NSAIDs: 
Aspirin, paracetamol, Ketorol; also cytostatic agents etc.); 
in children under 5 years; and in elderly subjects. 

Conclusions

The search for methods to improve early diagnosis 
of tuberculosis remains a pressing issue. According to 
literature data published in the last two decades, IGRAs 
showed higher specificity and sensitivity versus tubercu-
lin skin tests. The most challenging issue is early detec-
tion of tuberculosis infection in HIV-infected individuals, 
especially at the stage of severe immunodeficiency. In this 
group of patients, most promising is the use of T-SPOT.TB 
immunologic assay in combination with other diagnostic 
methods (immunologic, molecular-genetic, radiographic, 
morphologic).
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