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Abstract

Introduction. For early immunodiagnostics of tuberculosis (TB) in Russia, the Mantoux test (MT) has been used
for decades; since 2013, the recombinant tuberculosis antigen (RTA) test has seen widespread use.

The objective of this retrospective analytic observational cohort study was to evaluate the results of
immunodiagnostics for TB in children with newly diagnosed active TB.

Materials and methods. We studied data from Russian TB institutions on the results of MT and RTA assay in
children with active and inactive TB first detected in 2013—2018, as well as children with active TB first detected
in Moscow in 2017-2022.

Results and discussion. In 2013-2018, out of 12,902 examined children with active TB, 11,673 (90.5%) had
positive results of both skin tests and 198 (1.5%) had negative results. A negative RTA assay result with positive
MT was found in 861 (6.7%) patients, and a positive RTA assay result with negative MT in 170 (1.3%). The
sensitivity of the RTA assay in detecting active TB was 91.3%, while the sensitivity of MT was 97.2% (p < 0.01).
Similar data were obtained in the same regions in 14,127 children with inactive TB: the sensitivity of MT was
higher than that of the RTA assay — 97.2% versus 95.2% (p < 0.01). In Moscow, due to the small number of
observations in 2022, it was not possible to show statistical reliability of the difference between the sensitivity of
MT and RTA assay in detecting active TB in 2017-2022 (95.8% and 92.1% respectively; p > 0.5). For the results
obtained in 2017-2021, the difference was significant (p < 0.05).

Conclusion. The sensitivity of MT is higher than that of the RTA assay in screening children for TB. It is
recommended to use the more sensitive MT test for screening children; screening with the RTA assay will increase
the number of undetected and undiagnosed cases of active TB in children. Currently, MT cannot be excluded from
the algorithm of early TB diagnosis in children.
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AHHOMayus

BBeaeHue. [Ins paHHen MMMyHoauarHocTuku Ty6epkynésa (Tb) B Poccun B TedeHue OecAaTUneTuin ucnonb3o-
Banu npody Manty (MM), ¢ 2013 . NOBCEMECTHO MACCOBO NMPUMEHSIETCA Npoba C aHTUTEHOM TyGepKyNnE3HbIM
pekombuHaHTHbIM (ATP).

Llenb peTpocneKkTMBHOIO aHanuTu4eckoro o6cepBaLioHHOrO KOropTHOMO CCIefoBaHWs — OLIEHKa pe3yrnbTaToB
UMMyHoauarHocTukn Th y aeTtei ¢ BnepBble BbISBNEHHBIM akTUBHbLIM Th.

Matepuanbi n MeTtoabl. VI3yyeHbl AaHHbIE NPOTUBOTYOEpKyne3HbIX yupexaeHun Poccmumn o pesynsratax MM m
npo6 ¢ ATP y Bnepsble BbisiBNeHHbIX B 2013—2018 IT. feTew ¢ akTUBHBIM 1 HeakTMBHbIM Th, a Takke aeTen ¢
akTuBHbIM Tb, BnepBble BbisBneHHbIXx B Mockee B 2017—-2022 rr.

Pe3ynbratbl 1 obcyxaeHue. B 2013-2018 . n3 12 902 o6GcnenoBaHHbIX AeTen ¢ akTmBHbiIM TE y 11 673
(90,5%) pesynbrat 06eunx KoxHbIX NPo6 6bin nonoxutensHelm, y 198 (1,5%) — oTpuuarteneHbiM. OTpuuartens-
HbI pe3yneTaTt Nnpobbl ¢ ATP npu nonoxutensHow MM yctaHoBneH y 861 (6,7%) 6onbHOro, a NONOXUTENbHBIN
pesynestat npu otpuuatensHon MM —y 170 (1,3%). YysctBuTENbHOCTL NPOGLI ¢ ATP Npun BbISABNEHUN aKTUBHOTO
TB coctaBuna 91,3%, a MM — 97,2% (p < 0,01). AHanornyHble AaHHbIe NoMyYeHbl B TeX e permoHax y 14 127
neten ¢ HeakTMBHbIM Th: YyBCcTBUTENBHOCTL MM OKasanach Bhilwe, Yem nNpodbl ¢ ATP, — 97,2% npoTtuB 95,2%
(p <0,01). B Mockse Bcneacteme manoro 4vicna HabnwogeHun B 2022 r. cTaTUCTUYECKYIO AOCTOBEPHOCTb Pa3Ho-
CTu nokasatenen vyscTButensHoct MM un npobel ¢ ATP npu BbisiBneHun aktnsHoro Tb B 2017-2022 rr. (95,8%
npotme 92,1%; p > 0,5) nokasaTb He yaanocs. Mo pedynsratam 3a 2017-2021 rr. pa3Huua okasanacb JOCTOBEpP-
Hom (p < 0,05).

3akntoueHue. YyscteutensHocTb MM npu ckpuHuHre ageten Ha Th Beiwe, 4em Npobbl ¢ ATP. [1na ckpyHUHra ae-
TeWn pekoMeHayeTcs Ncnonb3oBaTh 6onee YyBCTBUTENbHLIN TECT-ITM, Npu CKPUHWHIE C NCMONb30BaHNEM NpobbI
¢ ATP BospacTeT KONM4YeCcTBO MPOMYLUEHHbIX 1 CBOEBPEMEHHO HE AMarHOCTUPOBAHHbLIX CrlydaeB akTMBHOro Th
y aeten. B HacTosiwee Bpemsi [TM He MOXeT ObITb UCKINOYEHA U3 anropuTma paHHel auarHoctuku T y netei.

KnroueBble cnoBa: mybepkynes y demed, mybepkynuHoOuaeHocmuka, npoba Manmy, [JuackuHmecm, annep-
2eH mybepKyne3Hbili peKoMOUHaHMHbIL

Bmuyeckoe ymeepxdeHue. ViccnefoBaHve NpoBoaMock npy 4o06pOBObHOM MH(OPMUPOBAHHOM COrfacum 3aKoH-
HbIX MpPeacTaBUTENen HECOBEPLUEHHONETHNX NALUEHTOB Ha UCMOMb30BaHNe AaHHbIX B HAay4HbIX Lensx. MpoTokon uc-
cnepoBaHus ofobpeH 3Tndeckum komutetom LHUW Snuaemnonorum (npotokon Ne 136 ot 25.05.2023).

HNcmoyHuk puHaHcupoeaHusi. ABTOpbI 3asBMAT 06 OTCYTCTBMWN BHELLUHEro (OMHAHCUPOBAHWUSA NPU NPOBEAEHNN UC-
cnepoBaHus.

KoHgpbnnukm unmepecoe. ABTOpbI eKNapupyoT OTCYTCTBUE SIBHLIX W MOTEHUMANbHBLIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C NyGnukaunen HacTosLLen CTaTbu.

Ana yumupoeaHus: Bonkosa H.A., Muxeea W.B., MenbHukoBa A.A., AkumkuH B.I. PeTpocnekTnuBHas oueHka pe-
3ynsTaToB MIMMYHOANArHOCTMKM Tybepkynesa y aeten. KypHan mukpobuonoauu, snudemuonoauu U UMmMyHobuosnoauu.
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Introduction emerged. However, due to high specificity, these tests

In order to control tuberculosis (TB) incidence,
early diagnosis is an essential element. The importance
of preventive screening for TB was particularly evident
during the spread of COVID-19. It is estimated that
during the 3 years of the pandemic, disruptions in ac-
tive TB screening resulted in the late detection of 2011
TB patients (1.5% of the total number of TB patients
first identified) [1].

Since infection with the TB pathogen usually oc-
curs in childhood and adolescence and cases of infec-
tious process manifestation in adults are associated with
the activation of latent infection, the foundation of the
early TB detection system is screening of the pediatric
population. For more than a century, a clear system of
TB detection in children using skin immunologic tests
has been developed [2—4].

In recent decades, in vitro TB diagnostic methods
based on quantitative determination of interferon-y,
which is released when effector T lymphocytes come
into contact with specific ESAT-6 antigens, have

© Bonkoea H.A., MuxeeBa .B., MenbHukoBa A.A., AkumkuH B.T, 2024

have significant disadvantages: high cost, dependence
on the supply of imported materials, the necessity for
a specially equipped laboratory and for precautions
during blood collection to preserve the viability of in-
terferon-y-producing lymphocytes, as well as intrave-
nous manipulations, which especially limits the use of
this test in children [5, 6]. Therefore, the algorithm for
diagnosing the Mycobacterium tuberculosis infection
has not changed fundamentally, and skin diagnostic
tests are still used for screening [7].

For decades, screening of children for TB has been
carried out using the Mantoux test (MT); since 2009,
the test with recombinant tuberculosis antigen (RTA)
was carried out in certain regions, and since 2013, it has
seen widespread use [8, 9].

High sensitivity and specificity of the RTA assay
when used in patients with clinical and radiologic signs
of respiratory TB have been shown [10-12]. How-
ever, the RTA assay may be negative in people at ear-
ly stages of M. tuberculosis infection, in TB patients
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with pronounced immunopathology disorders due to
the severe course of the tuberculosis process, as well
as in people with concomitant diseases accompanied
by immunodeficiency state, which is especially rele-
vant in the context of the spread of a new coronavirus
infection [1, 13, 14].

A multitude of scientific papers have been devoted
to the study and evaluation of the results of MT and the
RTA assay [9, 11, 15]. The parameters of tuberculin di-
agnostics were established on a huge material (10.5 mil-
lion children in Moscow for 7 years): intradermal MT
with 2 TU (tuberculin units) of PPD-L (purified protein
derivative modified by Linnikova). The sensitivity of
the method was 94.7%, specificity — 41.7%. The prob-
ability of disease absence in case of a negative test was
99.9%. The probability of disease in a child with a pos-
itive test is 0.01% [16, 17], whereas negative reactions
to RTA can be detected in persons with inactive TB in-
fection [18, 19] and at early stages of infection with M.
tuberculosis [19, 20].

When selecting tests for screening, sensitivity is
the first factor taken into consideration. The sensitivi-
ty of a test is its ability to reliably detect the presence
of a given disease in a patient. In other words, sen-
sitive tests should not leave any patients unaccount-
ed for, although it is almost inevitable that in certain
cases the disease would be erroneously diagnosed for
conditionally healthy individuals. Sensitive tests are
recommended to be used in the early stages of diag-
nostic search to narrow its scope, when there are many
possible variants and diagnostic tests will allow to ex-
clude some of them. It should be noted that a negative
result of a sensitive test is particularly informative in
clinical practice [21].

Despite the differences in sensitivity and speci-
ficity of MT with 2 TU of PPD-L and RTA, which do
not allow to consider these methods interchangeable, in
the order of the Ministry of Health of Russia No. 951
of 29.12.2014", the replacement of MT with RTA for
TB screening in children 8 years of age and older
was approved. These recommendations contradicted
the previously existing sanitary and epidemiological
rules of SP 3.1.2.3114-13 "Tuberculosis Prevention"?.
However, certain subjects of the Russian Federa-
tion started to conduct screening using the RTA assay
[20]. Against this background, TB incidence increased
in subgroup IIIA and in all subgroups of group VI of
the dispensary registration group (DRG), which may
be due to the cancellation of preventive treatment of

' Order of the Ministry of Health of the Russian Federation of
December 29, 2014, No. 951 "On Approval of Methodological
Recommendations to Improve Diagnosis and Treatment of
Respiratory Tuberculosis".

Resolution of the Chief State Sanitary Doctor of the Russian
Federation from 22.10.2013 Ne 60 (ed. from 14.09.2020) "On
approval of sanitary and epidemiological rules SP 3.1.2.2.3114-13
"Tuberculosis Prevention" (together with "SP 3.1.2.2.3114-13...")".
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children in these DRGs in case of a negative reaction
to RTA [19, 20, 22].

Thus, the experience of the widespread use of the
RTA assay accumulated over a decade must be objec-
tively analyzed and evaluated, as there is still no con-
sensus among specialists (phthisiatrists, pediatricians,
epidemiologists) about the advisability of its use as an
alternative to MT [7, 18-20, 22].

In this regard, a study was conducted to retrospec-
tively evaluate the results of immunodiagnostics for TB
in children with newly diagnosed active TB using MT
and the RTA assay.

Materials and methods

A retrospective analytical observational cohort
study was conducted. The materials for the study were
the data received by Rospotrebnadzor from TB insti-
tutions in the federal subjects of Russia in accordance
with the request No. 01/5300-15-27 of 18.05.2015 "On
submission of information on TB screening of chil-
dren" and Rospotrebnadzor letter No. 01/7238-15-27 of
06.06.2017 "On the results of the study of the compara-
tive effectiveness of the Mantoux test (MT) and the test
with recombinant tuberculosis allergen (RTA)". The
data included information on the results of MT with
2 TU of PPD-L and the test with RTA in pediatric pa-
tients with newly diagnosed active and inactive TB in
2013-2018. The inactive form of the disease was con-
sidered to be TB in children registered in the Il DRG
(persons with clinically cured TB, with large and small
residual changes)®. Furthermore, we analyzed the re-
sults of immunodiagnostics using MT and Diaskintest
in child and adolescent patients (0—17 years old) with
active TB in Moscow in 2018-2022 according to the
data obtained from TB institutions of the city. The
study was conducted with the voluntary informed con-
sent of the legal representatives of underage patients
to use the data for scientific purposes. The study pro-
tocol was approved by the Ethical Committee of the
Central Research Institute of Epidemiology (protocol
No. 136 0f 25.05.2023).

Statistical processing of the results was carried out
using parametric statistics methods with determination
of the standard error of the relative value. Reliability of
differences between the relative values compared was
assessed using Student's t-criterion. The difference in re-
sults was considered statistically significant at p < 0.05.

3 Order of the Ministry of Health of the Russian Federation of
21.03.2003 No. 109 "On improvement of anti-tuberculosis mea-
sures in the Russian Federation"; Order of the Ministry of Health
of the Russian Federation of 13.03. 2019 No. 127n "On Approval
of the procedure for dispensary monitoring of tuberculosis pa-
tients, persons who are or have been in contact with the source
of tuberculosis, as well as persons suspected of tuberculosis and
cured of tuberculosis and invalidation of paragraphs 16-17 of the
Procedure for the provision of medical care to tuberculosis pa-
tients, approved by Order of the Ministry of Health of the Russian
Federation of November 15, 2012 No. 932n".
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Table 1. Results of MT and RTA assay in newly diagnosed active pediatric TB patients in 2013-2018

Of these with the results of the Mantoux test with 2 TE (MT) and the test with RTA

Total children with newly diagnosed

Year active tuberculosis MT+ RTA- MT+ RTA+ MT- RTA- MT- RTA+
n % n % n % n %
2013 4128 290 7,03 3750 90,84 46 1,11 42 1,02
2014 3850 261 6,78 3487 90,57 46 1,20 56 1,45
2015 1582 54 34 1485 93,5 32 2 11 0,7
2016 2435 232 9,3 2087 83,3 57 2,28 59 2,36
2017 522 12 2 502 82,6 7 1,2 1 0,2
2018 385 12 2,5 362 75,7 10 2,1 1 0,2
Total 12902 861 6,7 11673 90,5 198 1,5 170 1,3
Note. Here and in the Tables 2 and 3: "+" — positive result; "-" — negative result.
Results

According to data from TB institutions, 12,902
children were diagnosed with active TB for the first
time in 2013-2018*.

The absolute majority of patients (n = 11,673;
90.5%) were positive for both skin tests (Table 1).
In 198 (1.5%) children with active TB, both samples
were negative. A negative result of the RTA assay with
positive MT was found in 861 (6.7%) patients, and a
positive result with negative MT in 170 (1.3%). Conse-
quently, the sensitivity of RTA assay in detecting active
TB was 91.3% and the sensitivity of MT was 97.2%
(p<0.01). For 2013-2018, in 1059 children with newly
diagnosed active TB, the RTA assay showed a negative
result. Consequently, abandoning MT and switching to
RTA screening will increase the number of undetected
and undiagnosed cases of active TB in children.

Similar data were obtained when analyzing the
results of skin tests in children with newly diagnosed
inactive TB in the same regions of Russia in 2014—
2018 (Table 2). The absolute majority of patients
(n=12,953; 91.7%) had positive results of both skin
tests, 101 (0.7%) children had negative results. A neg-
ative result of the test with RTA in case of positive
MT was detected in 775 (5.5%) patients, a positive
result of the test with RTA in case of negative MT —
in 495 (3.5%). Thus, in the detection of inactive TB,
the sensitivity of MT was higher than that of the RTA
assay and amounted to 97.2%, while the sensitivity of
the RTA assay was 95.2% (p < 0.01). During 2014-
2018, in 876 children with newly diagnosed inactive
TB, the RTA assay was negative. Consequently, aban-
doning MT and switching to screening using the RTA
assay will increase the number of undetected and un-
diagnosed cases of inactive TB in children in a timely
manner.

4 Data were obtained from 57-81 subjects of the Russian Federation
in different years.

Due to the cancellation of using the MT meth-
od on children over 7 years of age in 20185, it became
impossible to continue the study nationwide. However,
thanks to the data obtained from TB institutions in the
capital, we were able to retrospectively evaluate the re-
sults of immunodiagnostics using MT and RTA assay
in children and adolescents (0—17 years of age) with
active TB in Moscow in 2017-2022.

A total of 515 cases of active TB in children were
reported over 6 years, and 447 cases were reported in
the epidemiologic investigation. Both skin tests were
performed only in 240 people, which made compara-
tive analysis difficult. Of the 240 children with active
TB, 217 (90.4%) had a positive result of MT and RTA,
while 6 (2.5%) were negative (Table 3). A positive re-
sult of tuberculin diagnostics with a negative test with
RTA was obtained in 13 (5.4%) children. The test with
RTA was negative in children diagnosed with focal, in-
filtrative pulmonary and intrathoracic lymph nodes TB.
A positive result of the RTA assay with negative MT
was recorded only in 4 (1.7%) children. Despite the fact
that the sensitivity of MT in detecting active TB was
higher than that of the RTA assay (95.8% and 92.1%
respectively), statistical reliability of the difference
between these indicators could not be demonstrated
due to the small number of observations in 2022 (only
17 cases with the results of both tests). If we analyze the
data for 2017-2021, the difference in the sensitivity of
MT and RTA assay is significant (p < 0.05).

Discussion

The results of this analysis confirmed previously
published data that the RTA assay can give false-nega-
tive results at the early stages of infection with M. fu-
berculosis and at the initial stage of TB process devel-
opment, which, unlike MT, does not allow for the full

5 See: Screening examination of children and adolescents to detect
tuberculosis infection: methodological guide. M.; 2018. p. 48
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Table 2. Results of MT and RTA assay in newly diagnosed inactive pediatric TB patients in 2014-2018
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Total children with newly diagnosed

Of these with the results of the Mantoux test with 2TE (MT) and the test with RTA

Year inactive tuberculosis MT+ RTA- MT+ RTA+ MT- RTA— MT- RTA+

n % n % n % n %
2014 2421 188 777 2170 89,63 22 0,91 41 1,69
2015 3002 157 523 2759 91,91 26 0,87 60 2
2016 2819 139 455 2862 928 17 0,6 66 2,1
2017 3090 175 5,7 2654 859 16 05 218 7.1
2018 2795 116 4,2 2508 897 20 0,7 110 3,9
Total 14127 775 55 12953 917 101 07 495 35

Table 3. Results of MT and RTA assay in newly diagnosed active TB patients in Moscow in 2017-2022

Of these with the results of the Mantoux test with 2TE (MT) and the test with RTA

Year Total childrgn with newly Qiagnosed
active tuberculosis MT+ RTA- MT+ RTA+ MT- RTA- MT- RTA+
n % n % n % n %
2017 68 5 7.4 60 88,2 1 1,5 2 2,9
2018 48 3 6,3 43 89,6 1 2,1 1 2,1
2019 47 2 43 45 95,7 0 0 0 0
2020 22 1 4,5 20 90,9 1 4,5 0 0
2021 38 2 53 35 92,1 1 2,6 0 0
2022 17 0 0 14 82,4 2 11,8 1 59
Bcero | Total 240 13 54 217 90,4 6 25 4 1,7

formation of risk groups, detection of the disease at the
early stages of its development and increases the prob-
ability of not detecting the disease [22, 23].

Even at the stage of RTA drug approbation, its
researchers [24] observed only 84.2% (95% CI 79.7—
88.8) of positive results of this test in patients with ac-
tive TB, and 94.5% (95% CI 83.0-97.9) in children and
adolescents (n = 200) with active respiratory TB after
the first phase of chemotherapy. Moreover, the response
to MT was positive in all 200 children in this subgroup.
It should be noted that the authors concluded on the ba-
sis of these quantitative data that the sensitivity of MT
and the RTA assay were the same, despite the statisti-
cally significant difference in sensitivity (p <0.05) [24].

A number of researchers have observed a negative
reaction to the RTA assay in 13-20% of children with
TB, including those with secondary forms of TB and
disseminated processes, including cases with bacterial
excretion [9, 15, 20, 25, 26].

Similar data were obtained by Y.A. Yarova et al.
[19], who noted that TB in children with negative re-
sults of the RTA assay persisted in complicated forms
of the primary period in 45.5 + 15.0% of cases, uncom-

plicated forms — in 27.3 + 13.4% of cases, generalized
lesions — in 27.3 £ 13.4% of cases.

According to other data, among children with TB
with negative reactions to RTA administration, patients
with active forms of TB accounted for 20.4%. M.E. Lo-
zovskaya et al. emphasized that mass tuberculin diag-
nostics is the leading method of detecting patients with
negative results of the RTA assay, thanks to which TB
was diagnosed in 70.4 + 8.8% of cases, in children with
residual post-tuberculosis changes — in 93.8 + 4.7% of
cases [23].

According to a large-scale retrospective obser-
vational study in 65 regions of the Russian Federation
[27], the rate of positive reactions to RTA administra-
tion in children with active TB in the first DRG was
more than 90% (92.1% in 2010, 90.1% in 2011, and
92.8% in 2012), which is almost identical to the results
of the present study.

A meta-analysis of published results of the RTA
assay over 10 years also showed that the proportion of
positive reactions of the RTA assay in children with
TB up to 14 years of age was lower (93.5%) compared
to MT, which showed positive results in 97.9% of cas-



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJOIMNI. 2024; 101(1) 57

DOI: https://doi.org/10.36233/0372-9311-477

OPUTVHANbHbBIE NCCJTIEAOBAHNA

es (p = 0.688) [28]. At the same time, in most studies
of the RTA assay and according to clinical guidelines
[29], children with positive results were subjected
to computed tomography (CT), so the sensitivity of
the RTA assay was equal to that of CT, while chil-
dren with suspected TB based on MT results were not
referred to CT until they were positive for RTA [24,
30-32]. Furthermore, according to the instructions for
Diaskintest, not only positive but also questionable
and doubtful reactions to the RTA assay are subject
to TB screening®. However, despite all the regulatory
measures initially taken to increase the sensitivity of
the RTA test for TB detection, the results of its use in
practice have shown that its sensitivity is inferior to
that of MT.

According to our preliminary estimates, in Russia
as a whole, the number of undetected cases of active TB
in children would be about 300 per year if the country
switched to screening with only the RTA assay [33].
Therefore, in the algorithm of TB detection and diag-
nosis, the RTA assay and MT cannot be interchangeable
and complement each other. MT is able to determine the
presence of infection with M. tuberculosis and include
the patient in the TB risk group, has a wide range of

¢ Diaskintest. URL: http://www.diaskintest.ru

diagnostic capabilities in dynamics. The RTA assay has

diagnostic value and demand in TB risk groups (contact,
change of sensitivity to MT, social prerequisites, diseases
with similar clinical and radiologic picture) [22].

Conclusion

1. In 6.2-7.9% of children with newly diagnosed
active TB, the RTA assay was negative, while a nega-
tive MT result was detected in only 2.8—4.2% of them,
i.e. the sensitivity of MT in screening children for TB
is higher than that of the RTA assay. Between 2013 and
2018, in 1059 children with newly diagnosed active TB,
the RTA assay was negative. Consequently, abandoning
MT and switching to RTA screening will increase the
number of undetected and undiagnosed cases of active
TB in children.

2. A negative RTA assay result with a positive MT
result cannot be a guarantee that a child does not have
active TB, including bacteriuria, and requires addition-
al testing.

3. For TB screening of children, MT should be
used as a more sensitive test. As of now, MT cannot be
excluded from the algorithm of early TB diagnosis in
children and adolescents.
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