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ABSTRACT. Introduction. Chemotherapy for tuberculosis in children is often difficult due to poor tolerability.
The goal of the study is to determine the frequency and spectrum of allergic adverse reactions during chemotherapy
for tuberculosis in children and to substantiate the method of their laboratory diagnostics. Materials and methods.
We carried out a cohort retrospective study (from 2018 to 2021) which included 146 patients and a prospective study
(from 2022 to 2024) of 50 patients. All 196 children (0-14 years) received the intensive phase anti-tuberculosis
chemotherapy with a combination of 3-4 drugs. Results. A retrospective analysis showed that there were no
adverse reactions in 56 (38.3%) children, allergic reactions were observed in 32 (21.9%), toxic-allergic reactions in
22 (15.1%), and toxic reactions in 36 (24.7%). In a prospective study in 50 children underwent a basophil activation
test using flow cytometry for the drugs they were receiving (196 tests in total). Most basophil activation tests
were performed for first-line drugs (isoniazid, rifampicin, ethambutol, pyrazinamide — 178 (90.8%), for second-
line drugs 18 (9.2%). Of the 196 tests, 38 (19.4%) gave a positive result. The test results were compared with the
clinical manifestations of adverse reactions in three groups of patients: group | — 18 children with allergic and
toxic-allergic reactions to antituberculosis drugs, group Il — 14 patients with toxic reactions, group lll — 18 children
without adverse reactions. In group | the proportion of patients with a positive result of the basophil activation test
(for 1 or 2 drugs) was 94.4%, which is higher than in group Il = 71.1% and significantly higher than in group Ill —
16.7% (P <0.05; x?=54.9). Conclusion. The importance of the basophil activation test in predicting allergic and
toxic-allergic reactions and determining the drug responsible for side effects during combination chemotherapy
has been proven.
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PE3IOME. Beegenne. XumnoTtepanus Ty6epkynesa y aeTeit 4yacto 6biBaeT 3aTpyHeHa 13-3a SIBIEHUI NIOXOM
nepeHocumocTu. Ljenb ncenegosaHna — onpefennTb YacToTy U XapakTep annepruyecknx HexenartenbHblX no-
OOYHbIX peakL it pu XMMnoTepanun Tybepkynesay aeteil, 060CHOBaTb METOA WX TaGOPaTOPHOMN fUArHOCTUKM.
Marepuanbi n MeTogbl. NpoBeEHbI KOTOPTHOE PETPOCNEKTUBHOE UccneaoBaHme (¢ 2018 no 2021 rr.), B KOTOpoe
BKNIOYEeHbl 146 nauneHToB, U NpoCnekTUBHOE uccnegobanue (¢ 2022 no 2024 rr.) — 50 naumeHToB. Bee aetu
(0-14 net) nonyyanu UHTEHCUBHYO Ga3dy NPOTUBOTY6EPKYNE3HOI XMMUOTEpanuu KOM6MHaLMeit 3-4 npoTueo-
Ty6epKynesHbIx npenapaTtoB. Pe3ynbTaTel. PETPOCNEKTUBHBIN aHaNN3 NoKasar, YTo HexenatesbHble N060YHbIe
peakuuu otcytcTBoBanu y 56 (38,3%) feTeil, annepruyeckue peakuuu Haénwoganuch y 32 (21,9%), Tokcuko-
annepruyeckue y 22 (15,1%), Tokcudeckue y 36 (24,7%) neteii. B npocnekTuBHOM nccnegoBaHum 50 feTsM Bbl-
NOJIHEH TeCT akTuBaLnuu 6a3odnnoB MeTOAOM NPOTOYHOI LLUTOMETPUN Ha Te Npenapatbl, KOTOPble OHU NOAyYanu
(B uenom 196 TectoB). BONbWKUHCTBO TECTOB aKTMBaLMN 6a30(NNOB BbINONHEHbI HA NpenapaThl NepBOro psja
(u30HMa3ng, pupamnuuuH, aTaméyTon, nupasmHamug — 178 (90,8%), Ha npenapatbl BToporo psiga — 18 (9,2%)).
N3 196 TecToB NONOXUTENbHbIA pesynbTaT ganu 38 (19,4%). Pe3ynbTaTbl TECTOB COMOCTABJIEHbI C KNNHUYE-
CKMMMU MPOSIBNEHNUSIMU HEXENaTeNbHbIX MO6OYHbIX peakLuii B Tpex rpynnax nauuneHTos: | rpynna — 18 geteit ¢
annepruyeckuMmn n TOKCUKO-annepriuyeckumMm peakLmsaMm Ha npoTUBOTy6epKynesHble npenapatsl, Il rpynna —
14 nauneHTOB ¢ TOKCMYeckuMm peakuuamu, |l rpynna — 18 geteit 6e3 HexenaTenbHbix peakyuid. B 1 rpynne gons
NauueHTOB C NONOXMTENbHbIM Pe3ynbTaToM TecTa akTuBauun 6azodunos (Ha 1 unan 2 npenaparta) cocTaBuna
94,4%, uTo Bbllwe, yeM Bo |l rpynne — 71,1% u 3HaunTeNbHO Bbilwe, YeM B Il rpynne — 16,7% (P <0,05; x?=54,9).
3aknioyenme. [lokaszaHOo 3HaYeHNe TecTa akTUBaLMN 6a30hNUNOB B NPOrHO3MPOBAHMM annepruyeckux u TOKCUKO-
annepruyeckux peakumii u onpefeneHun npenapata — BUHOBHMKA HEXeNaTeNlbHbIX MOGOYHbIX peakuuin npu
KOMOGWHMPOBAHHOM XMMUOTEpanuu.

KNIOYEBDBIE CJIOBA: getu, xummuotepanusa TybepKysesa, alnepruyeckne HexenaresbHble N060YHbIE peakyuy,
TecT akTusayuu 6a3opuios
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INTRODUCTION

Monitoring of tuberculosis epidemic situation in the
Russian Federation has shown that after a decrease in
incidence in children 0-14 years of age in 2013-2020,
the indicator stagnates at 6.7 per 100,000 in the fol-
lowing years [1], which requires increased attention
to all aspects of pediatric tuberculosis, including its
treatment [2].Undesirable adverse reactions (UARs) re-
sulting from the use of antituberculosis drugs (ATDs)
in children can significantly complicate the course of
tuberculosis chemotherapy and reduce its effective-
ness [3, 4]. UARs for antituberculosis drugs in children,
as well as adults, are divided into toxic, allergic, and
toxic-allergic ones according to mechanisms of origin
[5, 6].

Toxic UARs are organ-specific and depend on the
dose, structure and metabolism which is specific for
each TB drug. For example, isoniazid, cycloserine, pro-
thionamide have toxic effects on the nervous system;
aminoglycosides are ototoxic and nephrotoxic, many
ATDs have hepatotoxic effects, etc.

Allergic UARs are hypersensitivity reactions. They
can occur with any TB drug, regardless of the dose.
From a practical point of view, it is difficult to identify
the drug that caused an allergic reaction in combination
chemotherapy, and it is often necessary to cancel all
drugs.

Toxic-allergic adverse reactions occur when an al-
lergic state develops, which is accompanied by a vas-
cular reaction, enzymatic and biochemical shifts that
aggravate the toxic effect of drugs on organs and tis-
sues.

According to literature data, allergic adverse re-
actions during TB treatment in children account for
20-30% [7], while toxic and toxic-allergic reactions
predominate. However, some studies emphasize the
high frequency of adverse reactions of allergic genesis
(50.5%) is a peculiarity of childhood [8]. Allergic reac-
tions are often manifested by isolated eosinophilia, as
well as skin reactions in the form of rashes and itching,
are often systemic, and may be accompanied by organ
damage, fever [9]. Therefore, they are often treated as
toxic-allergic and toxic, thus, it is not possible to identi-
fy the allergic factor in the development of UARs using
routine methods.
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The main method of drug allergy detection is phar-
macological anamnesis, but it is usually difficult to ap-
ply it in newly diagnosed tuberculosis patients. Taking
into account multicomponent chemotherapy regimens
for tuberculosis, it can be quite difficult to identify the
drug responsible for drug allergy [10]. The methods of
recording allergic reactions to ATDs are underdeve-
loped and there are few studies based on the general
principles of drug allergy diagnosis [11]. In vivo tests —
patch-test [12], provocation test [13] — can cause ag-
gravation of allergic reactions up to life-threatening
conditions, which is why their use is limited. The ad-
vantages of in vitro tests over in vivo diagnostic tests
are their safety, as well as the possibility to test several
drugs simultaneously [14]. Allergic reactions to ATDs
have been determined by lymphocyte blast-transfor-
mation reaction (LTR), initially by staining smears with
azur-2-eosin [15, 16], and in later studies the prolifer-
ative activity of lymphocytes was determined by the
incorporation of H3-thymidine into cell DNA [17, 18].
The method did not find further application in phthisia-
tric practice. One publication mentions the use of leu-
kocyte agglomeration reaction to detect allergy to ri-
fampicin and kanamycin [19]. In order to diagnose drug
allergy to some antibacterial drugs, the determination
of allergen-specific IgE antibodies to the corresponding
allergens is used. However, kits for the determination
of specific IgE are only available for a limited number
of drugs, including amoxicillin, ampicillin, cefaclor, and
penicillin [20]. In addition, only IgE-mediated allergy is
detected using allergen-specific IgE antibodies, where-
as it can be caused by different mechanisms (IgE-me-
diated and non-IgE-mediated) [21].

The basophil activation test (BAT) is a promising
and sought-after method of allergy diagnosis, which
makes it possible to detect a reaction to any drug. The
great advantage, especially in comparison with dia-
gnostic tests of allergen-specific IgE determination, is
that BAT evaluates both IgE-dependent and IgE-inde-
pendent mechanisms of allergy [22-25]. The basophil
activation test is based on the contact of allergen with
various receptors on the basophil membrane (inclu-
ding the IgE-FceRI complex) with activation of a range
of enzymatic reactions [26]. Activation of basophils
leads not only to the release of soluble mediators, but
also to the expression of activation markers — CD63
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and CD203c — on the membrane, which are taken into
account using flow cytofluorimetry [27, 28]. When diag-
nosing drug allergy to some antibiotics in patients, the
sensitivity varies from 33 to 67%, and the specificity of
this method varies from 79 to 100%, which indicates
that it is promising, according to a number of authors
[14, 29, 30].

AIM

To determine the frequency and nature of allergic
UARs during chemotherapy of tuberculosis in children,
to substantiate the method of their laboratory diagnos-
tics.

MATERIALS AND METHODS

The study is cohort, retrospective and prospective.
It covered the period from 2018 to 2024. The study was
carried out on the basis of the tuberculosis department
of the St. Petershurg State Budgetary Institution “Child-
ren's Infectious Diseases Hospital No. 3" (DIB NO. 3).
Overall, 196 children with active forms of respiratory
tuberculosis were included.

Inclusion criteria were: presence of active respirato-
ry tuberculosis; full intensive phase (IP) of chemothe-
rapy (CT) in the pediatric tuberculosis department; ab-
sence of parasitic invasions. Exclusion criteria: inactive
tuberculosis or latent tuberculosis infection; leaving
the hospital before the end of IP chemotherapy; para-
sitic invasions detected before or during treatment. The
age of children varied from 0 to 14 years inclusive. Girls
constituted 106 (54.1%), boys — 90 (45.9%). Children of
early age (from 0 to 3 years) accounted for 31 (15.8%),
from 3 to 7 years — 84 (42.8%), from 8 to 14 years — 81
(41.4%).

The research was conducted in two stages. The first
stage (retrospective) included the analysis of archived
case histories of 146 children for 2018-2021 in order
to determine the number of all ARDs when taking ATD.
The frequency and spectrum of reactions caused by al-
lergic and toxic-allergic mechanisms were defined. The
second stage (prospective) involved the observation of
children (50 patients) during the course of the study,
recording UARs and performing the basophil activation
test.
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Patients were examined according to the Clini-
cal Recommendations that were relevant for the pe-
riod of the study [31]. Examination was conducted
before the administration of chemotherapy (CT) for
tuberculosis and in the course of dynamic follow-up.
It included: anamnesis collection (epidemiological,
social, allergological, pharmacological ones); phy-
sical examination methods, standard clinical and
biochemical blood and urine tests, chest computed
tomography, immunodiagnostics using Mantoux test
with 2 units and test with recombinant tuberculosis
allergen (RTA, Diaskin-test). Bacteriological studies
aimed at detection of Mycobacterium tuberculosis
(MBT) included sputum smear microscopy (or bron-
choscopy), molecular genetic methods of pathogen
detection, culture on dense and liquid growth-sup-
porting microenvironment. Fibrobronchoscopy and
test for interferon-gamma induction by MBT antigens
(TB-Feron test) were performed when indicated. Trip-
le stool tests for helminth eggs and parasites were
performed. All children underwent electrocardio-
graphy (ECG) and pulmonary function tests. In the
course of chemical treatment, a clinical blood test,
urine analysis, extended blood biochemical analy-
sis with determination of alanine and asparagine
transaminases (ALT and AST), bilirubin, uric acid
and other indices of liver and kidney function were
performed once a month (more often if indicated) to
monitor possible UARs to the drugs.

The basophil activation test via flow cytometry was
used as a special method for diagnosing sensitization
to drugs. BAT with drugs was performed within 2 hours
from the moment of blood collection in vacutainers
with lithium heparin. Allergenicity kit (Beckman-Coul-
ter) was used to perform the test by flow cytometry.
According to the instructions for the test system,
the basophil population was detected in a multicolor
protocol with multistage gating using monoclonal an-
tibodies to CD3, CD294, CD203c. Cell activation was
assessed in vitro based on the increase in CD203c ex-
pression after drug stimulation. The technique of ba-
sophil activation test (BAT) was as follows [32]. Since
tested TB drugs were in tablet form (except amikacin),
a contact aqueous solution based on the drug and dis-
tilled water was used. Supernatant from the prepared
drugs was used at a dilution of 1:25 in relation to the
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patient's blood sample. Presence/absence of sensiti-
zation to drugs in BAT was determined on the basis of
basophil activation index with a threshold value of 1.1.
The basophil activation index is the ratio of the num-
ber of activated basophils in the sample with allergen
to the number of these cells in the sample with buffer
solution.

All 50 children included in the prospective study
got through BAT for those drugs, which they received
according to the regimen of ChT, in order to diagnose
sensitization of the organism to antituberculosis drugs.
The study was performed 2 weeks after the therapy had
started. 46 out of 50 children were tested for sensitiza-
tionto 4 drugs and 4 children —to 3 drugs. The follow-up
period lasted for 2 months. ChT prescription, monito-
ring and evaluation of possible adverse reactions were
performed according to the Federal Clinical Guidelines
“Tuberculosis in Children” (2018, 2020, 2022).

Statistical processing. The database was composed
in Excel 2010 program (Microsoft Office). Differences
between relative values were determined using the
Pearson ¥? criterion in STATISTICA 6.1. The generally
accepted confidence level of 95% (p <0.05) was con-
sidered. The odds ratios (ORs) for the development of
UARs and their 95% confidence interval (95% CI) were
determined.

The study was approved by the local ethical com-
mittee of the St. Petersburg State Pediatric Medical
University, conclusion No. 06/04 dated 02.12.2021.

RESULTS

The retrospective study revealed that 146 children
who received inpatient TB treatment in 2018-2022 had
the following clinical forms of the disease: intratho-
racic lymph node tuberculosis (ITNT) — 103 (70.5%),
primary tuberculosis complex (PTC) — 35 (24.0%), infil-
trative TB- 5 (3.4%), focal TB — 2 (1.3%), disseminated
TB — 1 (0.7%). Only 2 children had their own bacterial
excretion (MBT sensitivity to ATDs was preserved), so
chemotherapy regimens (ChTR) were prescribed on
the basis of information about the MBTs of an adult
patient with whom the child was in contact. Standard
I/l chemotherapy regimens consisting of four main
ATDs (isoniazid, rifampicin, ethambutol, pyrazinamide)
were given to 124 children (84.9%). If multidrug-resis-
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tant (MDR) MBT was found, children were treated with
IV ChTR (22 (15.1%) children in total). A combination
of 4-5 ATDs was administered as part of IV ChTR
(22 children), taking into account the source MBT resis-
togram. 56 (38.3%) out of 146 examined children had
no adverse effects during therapy, while the remaining
90 children had adverse effects, the spectrum of which
is shown in Figure 1.

Thus, three types of adverse reactions to TB drugs
could be distinguished.

Allergic reactions were observed in 32 (21.9%) chil-
dren. Isolated eosinophilia prevailed — 26 (81.2%). It
constituted 7-10% of cells in the leukocytic formula
(up to 500 cells in pl of blood) — in 15 people, 10-19%
(500-1500 cells in pl) — in 8 people, 20% and more
(more than 1500 cells in pl) — in 3 people. In addition
to isolated eosinophilia, it was combined with other
manifestations of allergy (skin rashes, bronchospasm,
rhinitis, conjunctivitis) in 4 (12.5%) children. Cutaneous
allergic reactions (urticaria, pruritus) without eosino-
philia occurred in 6.3% (2 people).

Toxic-allergic reactions occurred in 22 (15.1%) pa-
tients. Allergic symptoms in the form of eosinophilia
were combined with dysfunction of various organs.
Increased serum levels of liver enzymes (alanine
aminotransferase (ALT), aspartate aminotransferase
(AST)) were additionally observed among 13 (59.1%)
children. 4 (18.3%) patients had elevation of uric acid.
Increased levels of enzymes combined with hyperu-
ricemia was observed in 5 (22.7%) patients. Elevation
of liver enzymes up to 1.5 norms was observed in

Annepruyeckre nobouHble
peakumu / Allergic adverse
reactions

21,9%

B TOKCUKO-aAAepruyeckme
nobouHble peakuun / Toxic-
allergic adverse reactions

38,3%

Tokcuueckue noboyHble
peakumn / Toxic adverse
reactions

24,7%
HeT no6ouHbIX peakuui /
No advers reactions

Fig. 1. Structure of adverse reactions during tuberculosis
chemotherapy in 146 children

Puc. 1. CTpykTypa HexeAaTeAbHbIX MOOOUYHbIX peakLmMi npu
Xxumuotepanuun Tybepkynesa y 146 petein
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6 (27.2%), from 1.5 to 3 norms — in 4 (13.6%), over
3 norms —in 3 (9%) children. In addition to these labo-
ratory shifts, some of these children had clinical symp-
toms in the form of skin manifestations (urticaria,
dermatitis, itching) — 4 children (18.2%), joint pain —
1 (4.5%), dyspeptic phenomena (vomiting, nausea,
abdominal pain) — 5 (22.7%), central nervous system
manifestations — 4 (18.2%) (sleep disturbance — 1,
photophobia — 1, hyperexcitability — 1, auditory hallu-
cinations — 1).

Toxic reactions without allergy manifestations
were registered in 36 children (24.7%). Elevation of liv-
er enzymes was the main manifestation of toxic UARs,
it was found in all children of this group 36 (100%).
Liver hyperfermentemia was combined with hyper-
uricemia in blood biochemical analysis in 17 (47.2%)
cases, dyspeptic phenomena —in 10 (27.7%) children,
neurotoxic reactions —in 4 (11.1%) patients, one case
each — nest alopecia, color perception disorders,
nosebleeds.

All UARs were reversible on the background of
symptomatic treatment, however, temporary withdra-
wal or replacement of drugs was required in allergic
UARs in 8 (25.0%) cases, in toxic-allergic reactions — in
10 (45.5%) cases (P <0.05).

Thus, the retrospective analysis allowed us to con-
clude that the allergic mechanism is significant in the
development of adverse reactions during chemothe-
rapy of tuberculosis in children, since purely toxic UARs
without allergic manifestations were less frequent
(24.7%) than reactions with clinical and laboratory
signs of increased sensitization to the drugs, which
were observed in 37% of children. Among them, aller-
gic reactions were registered in 21.9% of children and
toxic-allergic reactions in 15.1%. Development of labo-
ratory tests allowing to determine the level of sensiti-
zation of a child's organism to TB drugs is in demand
in clinical practice. The prospective part of the study is
focused at solving this problem.

50 children participating receiving intensive phase
of chemotherapy in 2022-2023 were diagnosed with
the following clinical forms of tuberculosis: uncompli-
cated intrathoracic lymph node tuberculosis (ITNT) —
17 (34.0%), complicated ITNT — 13 (26.0%), primary
tuberculosis complex (PTC) — 9 (18.0%), infiltrative
TB — 2 (4.0%), focal TB — 3 (6.0%), disseminated
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TB — 4 (8.0%), tuberculous pleurisy — 2 (4.0%). The
structure of complicated ITNT (26.0%) included: foci
of dropouts in the lung tissue — 10 (20.0%), bronchi-
al tuberculosis 2 (4.0%) and bronchopulmonary le-
sions — 1 (2.0%). The vast majority of children — 45
(90.0%) — received I/11l ChTR, which included the main
1st-line TB drugs (isoniazid, rifampicin, ethambutol,
pyrazinamide). In isolated cases, Il ChTR (in case MBT
was resistant to isoniazid, 2 children), and IV ChTR
(in case of multidrug-resistant MBT, 3 children) were
prescribed; these regimens included reserve TB drugs
prescription in accordance with the current clinical
recommendations.

Analysis of chemotherapy tolerance showed that
only 18 (36.0%) children had no UARs. 7 (14.0%) chil-
dren developed allergic UARs, 11 (22.0%) had toxic-al-
lergic UARs and 14 (28.0%) suffered from toxic UARs.
Other reasons for allergic reactions (except TB drugs)
were excluded according to the anamnesis, clinical
and laboratory data obtained by the moment of the re-
search. Thus, the ratio of UARs types in the prospective
study coincided with the retrospective one. 50 children
were divided into three groups according to the pre-
sence or absence of UARs.

* Group | (18 (36.0%)) — children with allergic
and toxic-allergic reactions to the drugs admi-
nistered;

* Group 11 (14 (28.0%)) - children with toxic reactions
without allergic manifestations;

* Group II1 (18 (36.0%)) - children without undesirable
adverse reactions to the drugs.

Clinical and laboratory manifestations of UARs in
children of groups | and Il are presented in Figures 2
and 3.

The number of BATs performed as well as their re-
sults are presented in Table 1. A total of 196 tests were
performed, mainly for 1st-line drugs — 178 (90.8%), in
isolated cases for 2nd-line drugs — 18 (9.2%) (for child-
ren receiving Il and IV RCTs). Positive results of BAT
(presence of sensitization to drugs) were obtained in
38 tests out of 196 (19.4%). The most frequent positive
BAT results were for rifampicin (23.9%) and ethambutol
(23.4%), while isoniazid (9.3%) was the least frequent
(Table 1).

20 patients (40.0%) out of 50 children tested
had negative BATs for all drugs taken. There were
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D03UHOPUAMSA U CbIMb /
Eosinophilia and rash

Cbinb 6e3 303MHOGUAUK /
Rash without eosinophilia

M3oAnpoBaHHasa 303MHOGUAUA /
Isolated eosinophilia

J03MHODUAUS U HapyLLEHWE LBETOOLLYLLEHNSA /
Eosinophilia and color vision impairment

J031MHOUAUS, apTPaATUA U TMNEPYypUKeMuUs /
Eosinophilia, arthralgia and hyperuricemia

J03UHOPUAKS U NeYeHoUKana runepbepmeHTeMus /
Eosinophilia and hepatic hyperenzymrmia

0
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=

2 4 6 8

Fig. 2. Manifestations of allergic and toxic-allergic advers reactions to antituberculosis drugs, | group of children (n=18)

Puc. 2. [poABAEHUA aAAePrUUECcKUX U TOKCUKO-aAAEPrMUECKUX MOBOYUHBIX PeakLMii Ha NPOTMBOTYBEpKyAE3HbIe Npenaparh,

| rpynna aeten (n=18)

Tpomb6ouuntoneHus / Thrombocetopenia H 1

TowHota / Nausea

ApTpaarus, runepypukemus / Arthralgia, hyperuricemia _ 4

0

1 2 3 4 5 6 7

Fig. 3. Manifestations of toxic advers reactions to antituberculosis drugs, Il group of children (n=14)

Puc. 3. MposiBAEHUS TOKCMUECKUX NMOBOUHbIX peakLmMit Ha NpoTMBOTYBepKyAe3Hble npenaparthl, Il rpynna aeten (n=14)

30 (60.0%) children with positive BAT results, including
BAT positive to one drug in 22 cases (44.0%) and posi-
tive to two drugs (8, or 16.0%).

When analyzing the results in three groups (Fig. 4),
it turned out that negative BATs were significantly more
frequent in Group IIl (without UARs). It amounted to
15 children (83.3%, P <0.05), Group | demonstrated a
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negative BAT test in 1 child (5.6%) and Group Il —in 4
(28.6%) children. Accordingly, group Ill was significant-
ly less likely to have positive BATs to both one and two
ATDs (P <0.05). Group | which consisted of children
with allergic and toxic-allergic reactions to antitubercu-
losis drugs, included 94.4% children with positive BATs
(to one or two drugs), which was higher than in group II
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Table 1. Results of testing sensitization to antituberculosis drugs using the basophil activation test

Tabauua 1. Pe3ynbTaTbl TECTUPOBAHUS CEHCMOUAM3ALMK K NPOTUBOTYBEPKYAE3HbIM NpenapataM MeTOAOM TECTa aKTu-

BaLMK 6a30dUAOB

Mpenapat / Drugs KonnuectBo YKUCAO MONOXKUTEABHbIX AOAsl NTOAOXKUTEABHbIX
TECTUPOBaHUM / pe3ynabTaToB / pesyabTaToB, % /
Number of tests Number of positive results | Percentage of positive

results, %

N30HKWa3na / 43 4 9,3

Isoniazid

Pudamnuumt / 46 11 23,9

Rifampicin

MupasuHamup / 48 10 20,8

Pyrazinamide

JrambyTon / 41 10 23,4

Ethambutol

AMuKaumH / 7 2 28,6

Amikacin

NeBOpAOKCaAUUH / 4 1 25,0

Levofloxacin

LlmknocepuH / 2 0 0

Cycloserine

MapaamuHocanMUMAOBas KUCAOTaA / 2 0 0

Para-aminosalicylic acid

A1MHE30Anp / 2 0 0

Linezolid

MpoTtuoHamup / 1 0 0

Prothionamide

Bcero / Total 196 38 19,4

(toxic UARs only) with 71.1% of positive BATs (P=0.07;
x?=3.3) and significantly higher than in group Il (with-
out UARs) where positive BAT was observed in 16.7% of
children (P <0.05; x2=54.9).

When comparing the number of positive tests for
individual drugs, it was found (Table 2) that group |
had the most frequent positive tests for ethambutol
42.9% (6 out of 14 tests were positive) and rifampicin
35.3% (6 out of 17 tests were positive). Positive BAT
for pyrazinamide was the most frequent (46.2%) in
group Il. It should be noted that positive BAT results
in group with no UARs were observed in 5.6% (4 posi-
tive tests out of 70), which is significantly rarer com-
pared to both group I (31.4%, P <0.05) and group Il
(21.4%, P <0.05).

0dds ratio (OR) of UAR development was calcu-
lated in group | (18 children) (reactions presented)
and group 11 (18 children) (no UAR) in order to study
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the prognostic value of BAT for allergic (allergic and
toxic-allergic) UAR development. Calculation of the
odds ratio (Table 3) showed that a positive BAT test
in a child resulted in an 85-fold higher chance of cli-
nical and laboratory manifestations of allergy (confi-
dence interval 7.9-906.8). Since the lower limit of the
95% confidence interval is greater than 1, this result
is reliable.

The sensitivity and specificity calculation of the
test in predicting allergic manifestations showed the
following results. Group | (18 children) which con-
sisted of children with clinical manifestations of al-
lergic and toxic-allergic reactions to TB drugs had
positive basophil activation test in 17/18 children, i.e.
94.4% sensitivity of the test. Group Ill (18 children) did
not have clinical manifestations of allergic reactions to
TB drugs. The basophil activation test in the 3rd Group
was negative in 15/18 children, or 83.3% specificity.
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[l TecT akTMBaLMKU 6a30PUAOB MOAOXKMUTEABHbBIN Ha 2 Npenapara /
Basophil activation test positive for 2 drugs

[ TecT akTMBaLUMK 6a30PUAOB NMOAOXKMUTEABHBIN Ha 1 npenapart/
Basophil activation test positive for 1 drug

= Tect aktBaumu 6a30HUAOB OTPULATEALHDbIN /
Basophil activation test negative

Fig. 4. Proportion of children with positive and negative basophil activation test results in three patient groups

Puc. 4. NoAsi pETEN C MOAOXKUTEABHBIMU M OTPULIATEABHBIMI PE3YAbTATAMM TeCTa akTMBaLMK 6A30GUAOB B TpEX rpynnax
nauuMeHToB

Table 2. The proportion of positive results of the basophil activation test in groups of children

Tabauua 2. \OAA NMOAOXUTEAbHbIX PE3YALTATOB TECTa akTMBaLMKU 6a30PUAOB B rpynnax AeTen

Mpenapat / Drugs | rpynna / | group | Il rpynna / Il group | Il rpynna / 11l group

N3oHmnaszua / 3/14 1/13 0/16

Isoniazid (21,4%) (7,7%) (0%)

PudamnuumH / 6/17 4/13 1/16

Rifampicin (35,3%) (30,8%) (6,3%)

MupasnHamua / 4/17 6/13 0/18

Pyrazinamide (23,5%) (46,2%) (0%)

AtambyTon / 6/14 1/13 3/14

Ethambutol (42,9%) (7,7%) (21,4%)

AMUKauuH / 2/3 0/2 0/2

Amikacin

NeBodroKcaumH / 1/2 0/1 0/1

Levofloxacin

LmknocepuH / 0/1 - 0/1

Cycloserine

MapaamuHocanmumaoBas Knucaota / 0/1 - 0/1

Para-aminosalicylic acid

AuHe3onnp / 0/1 - 0/1

Linezolid

MpotnoHamup / - 0/1 -

Prothionamide

Bcero /Total 22/70 12/56 4/70
(31,4%) (21,4%) 5,6%

Pyn=0,17; P.,= 0,00008;
x?=1,89 x?=15,5
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Table 3. The odds ratio of developing allergic and toxic-allergic reactions depending on the results of the basophil

activation test

Tabauua 3. OTHOLIEHWE LIAHCOB Pa3BUTUA AAAEPTUUYECKUX U TOKCUKO-aAAEPrMYECKUX peakuui B 3aBUCUMOCTHM

OT Pe3yAbTaToB TecTa akTuBaLun 6a3odpuAoB

Fpynna nauuMeHToB / PesynbTathbl TECTa aKTUBaUUKU Bcero/ | OTHOLWEHME LIAHCOB

Patient group 6a3odunoB (uucno petent) / Total (95% poBepUTEAbHbIN
Basophil activation test results UHTEpBanA) /
(number of children) Odds ratio
MOAOXKMUTEAbHbIN / | OTPULLATEABHbIN (95% confidence
positive negative interval)

| rpynna 17 1 18 85,0

(annepruyeckue 1 TOKCUKO-aAAEPTUYecKme (7,9-906,8)

peakumn) /

| group

(allergic and toxic-allergic reactions)

Il rpynna 3 15 18

(HexenaTeAbHble NoBOYHbIE peakumn

OTCYTCTBYIOT) /

Il group

(advers reactions are absent)

However, specificity may increase with extended fol-
low-up time, as sensitization does not always manifest
itself with allergic reactions.

CASE HISTORY 1

Girl S., 13 years old. She was treated as an inpa-
tient at the St. Petershurg State Budgetary Health-
care Institution “Children's Infectious Diseases Hos-
pital No. 3" in 2023 with the diagnosis “Right-sided
exudative pleurisy of tuberculous etiology, MBT (-)".
Allergological anamnesis was calm. She was treated
according to Ill chemotherapy regimen with a stan-
dard set of first-line antituberculosis drugs (isonia-
zid, rifampicin, ethambutol, pyrazinamide). At the
start of tuberculosis chemotherapy, there were no
clinical and laboratory manifestations of allergy, as
well as liver function abnormalities. One month af-
ter the start of anti-tuberculosis chemotherapy, the
appearance of eosinophilia up to 10% (650 cells in
1 pl) in the clinical blood test (initial index 3% (195
cells in 1 pl)) was noted during routine control exam-
ination. Simultaneously blood biochemical analysis
showed an increase of ALT up to 227 units/I (more
than 4 times higher than normal) and AST up to 292
units/I (more than 5 times higher than normal), which
is an indication for cancellation of antituberculosis
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treatment.TB drugs were cancelled, detoxification
therapy, antihistamine therapy, sorbents were pre-
scribed to the child. A basophil activation test was
performed, which was positive for two anti-TB drugs.
The basophil activation index for isoniazid was 1.4
(N 0-1.1), basophil activation index for ethambutol
3.6 (N 0-1.1). Basophil activation index was negative
for the rest of the drugs. According to the results of
the research, the culprits that caused toxic-allergic
reactions were identified, and chemotherapy was re-
sumed by replacing ethambutol with amikacin. It was
decided to preserve isoniazid since it was highly im-
portant in the treatment regimen. The antibiotic the-
rapy was covered by courses of desensitizing thera-
py. The course of anti-tuberculosis therapy ended
effectively with the clinical recovery of the child.

CASE HISTORY 2

A qirl Ch., 4 years old. She was hospitalized at the
St. Petersburg State Budgetary Healthcare Institution
“Children's Infectious Diseases Hospital No. 3" in 2023
with the diagnosis “Tuberculosis of intrathoracic lymph
nodes of the bronchopulmonary group on the left side
in the phase of incomplete calcification, MBT (-)". The
patient had a allergic reactions to nuts, which mani-
fested as skin rash and itching. There were no allergic
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manifestations at the time of admission to the hospital.
She underwent a standard examination by specialists,
including an ophthalmologist; no visual disturbances
were detected. She was treated according to the llI
regime of chemotherapy (isoniazid, rifampicin, eth-
ambutol, pyrazinamide). One month after the start of
treatment, the clinical blood test showed 9% (450 cells
in 1 pl) eosinophils, other parameters were normal. Bio-
chemical blood test showed ALT up to 69 units/I (slight
increase) and AST up to 51 units/I (upper limit of norm).
The child was tested for all TB drugs taken. A positive
result was obtained for two drugs: basophil activation
index for rifampicin 1.4 (N 0-1.1), basophil activation in-
dex for ethambutol 2.0 (N 0-1.1). At the same time oph-
thalmologist revealed a typical toxic reaction to etham-
butol in the form of impaired color perception. Taking
into account high sensitization to ethambutol in combi-
nation with its characteristic toxic effect on vision, this
undesirable adverse reaction was considered as toxic-
allergic effect of ethambutol. The drug was cancelled
for the whole period of treatment. Taking into account
the positive BAT for rifampicin, hepatoprotective thera-
py and courses of antihistamines were intensified, and
its use was continued. Further treatment was completed
successfully without UARs.

Thus, the high-tech basophil activation test is a mi-
nimally invasive, safe, informative method in determi-
ning undesirable adverse reactions by detecting hidden
sensitization to antituberculosis drugs. It allows to
effectively predict undesirable adverse reactions and
identify the culprit drug. The use of minimally invasive
and safe diagnostic methods is especially relevant in
pediatric practice. Such laboratory diagnostics is avai-
lable for any specialists, it does not require a large num-
ber of additional laboratory and instrumental studies.

Comprehensive diagnosis of allergic conditions, in-
cluding the use of pathogenetically determined labora-
tory methods, will contribute to adequate treatment and,
consequently, to the improvement of public health.

CONCLUSION

1. A cohort retrospective study including 146 children
undergoing the intensive phase of tuberculosis chemo-
therapy in 2018-2021 found that undesirable adverse
reactions with an allergic component were observed

ORIGINAL PAPERS

in 37.0% of children, including allergic ones in 21.9% of
children and toxic-allergic ones in 15.1% of patients.

2. The basophil activation test makes it possible to
determine sensitization to the main TB drugs. Allergic
and toxic-allergic reactions were most often sensitized
to rifampicin (35.3%) and ethambutol (42.9%). In to-
xic reactions, sensitization to pyrazinamide was more
common (46.2%).

3. Calculation of the odds ratio of allergic and tox-
ic-allergic reactions showed that a positive basophil ac-
tivation test increases the chance of their occurrence
by 85 times.

4. The basophil activation test has high sensitivity
(94.4%) and specificity (at least 83.3%), it is a valuable
and promising method of determining the sensitization
to antituberculosis drugs, allowing to prevent the deve-
lopment of undesirable adverse reactions caused by aller-
gy. It is particularly useful in difficult cases when there is
poor tolerance to chemotherapy and it is hard to identify
the culprit drug causing undesirable adverse reactions.
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AOMOAHUTEAbHAA UHOOPMALIUA

Bknap, aBTopoB. Bce aBTOpbl BHECNU CYLeCTBEH-
Hblil BKJ1aZ B pa3paboTKy KOHLeNLuu, NPOBEAEHNE UC-
Cefi0BaHMsA U NOATOTOBKY CTaTby, MPOYN U 0806pK-
N1 GUHaNbHYO Bepcuto nepes ny6nukavuen.

KoHdpnukT MHTepecoB. ABTOpPbI LEeKNapupyT oT-
CYTCTBME SIBHbIX M NOTEHLMANbHbIX KOHIMKTOB UHTe-
PECOB, CBSI3aHHbIX C Ny6AMKALMEN HACTOALLe CTaTbu.
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NcTounuk puHaHcupoBaHus. ABTOpbI 3a9BNSAIOT 06

OTCYTCTBUW BHEWHEro GMHaHCUPOBAHUA NpK NpoBe-
JEeHUN UCCNeAoBaHus.

UudopmupoBaHHoe corsacue Ha nybauKaumio.

ABTOpr nonyynnn nNnnCbMeHHoe cornacue 3akKOHHbIX
Flpep,CTaBVITeﬂeVI nayneHToB Ha ny6m4|<aumo mMeann-
LUWHCKUX faHHbIX.

REFERENCES

10.

Aksenova V.A., Sterlikov S.A., Kucheryavaya D.A., Andre-
eva T.V. Epidemic situation of tuberculosis in children
in 2022. Sovremennyye problemy zdravookhraneniya i
meditsinskoy statistiki. 2024;1:360-378. (In Russian).
Lozovskaya M.E., Nikiforenko N.N., Klochkova L.V., Vasi-
lyeva E.B., Mosina A.V. Clinical and epidemiological fea-
tures of tuberculosis in young children in St. Petersburg.
Pediatrician. 2018;9(5):5-12. DOI: 10.17816/PED955-12.
(In Russian).

Klimov G.V., Ershova N.G., Bogdanova E.V. Undesirable
side effects in the treatment of children with tubercu-
losis. Tuberkulez i sotsial'no-znachimyye zabolevaniya.
2018;4:42-47. (In Russian).

Lozovskaya M.E., Motov I.Yu., Novik G.A. Children'’s tole-
rance of tuberculosis chemotherapy. Tuberkulez i bolezni
legkikh. 2023;101(5):69-76. DOI: 10.58838/2075-1230-
2023-101-5-69-76. (In Russian).

Ivanova D.A., Borisov S.E. Spectrum and risk factors of un-
desirable side effects in the treatment of newly diagnosed
patients with tuberculosis. Tuberkulez i bolezni legkikh.
2017;95(6):22-29. DOI: 10.21292/2075-1230-2017-95-6-
22-29. (In Russian).

Lozovskaya M.E., Motov I.Yu., Novik G.A., Yarovaya Yu.A.
Allergic adverse events in children during tuberculosis
chemotherapy. Medical alliance. 2023;11(4):43-54. (In
Russian).

Zubova E.D., Takhtokhodzhaeva G.R., Senchikhina 0.Yu.,
Kiselevich 0.K., Yusubova A.N., Vlasova E.E. Undesirable
side effects in children and adolescents when using
second- and third-line drugs in tuberculosis chemotherapy
regimens. Tuberkulez i sotsial'no-znachimyye zaboleva-
niya. 2021;1:45-53. (In Russian).

Martyanova E.P. Tolerability of antibacterial drugs during
long-term therapy of tuberculosis in children and adoles-
cents. PhD thesis. Moscow; 1987. (In Russian).

Ivanova D.A., Borisov S.E. Allergic reactions in the treat-
ment of newly diagnosed patients with respiratory tuber-
culosis. Vestnik TSNIIT. 2019;1(6):59-67. (In Russian).
Panteleev A.M. Treatment of tuberculosis in children and
adults: a guide. Moscow: GEOTAR-Media; 2024. (In Rus-
sian).

CHILDREN’S MEDICINE

OPUTUHANDHDBIE CTATbH

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Balabolkin L.I., Eliseeva T.1., Bulgakova V.A. Drug allergy
in children: a guide for doctors. Moscow: GEOTAR-Media;
2023. (In Russian).

Khan S., Andries A., Pherwani A., Sarachuk P., Isaaki-
dis P. Patch-testing for the management of hypersensi-
tivity reactions to second-line anti-tuberculosis drugs:
a case report. BMC Research Notes. 2014;7:537. DOI:
10.1186/1756-0500-7-537.

Rerkpattanapipat T., Chiriac A. M., Demoly P. Drug provoca-
tion tests in hypersensitivity drug reactions. Current opin-
ion in allergy and clinical immunology. 2011;11(4):299-
304.

Rodriguez-Perez R., de las Vecilas L., Cabanas R., Bel-
lon T. Tools for etiologic diagnosis of drug-induced aller-
gic conditions. Int J Mol Sci. 2023;24(16):12577.
Dubrovskaya N.A. Clinical and immunological manifesta-
tions of the side effects of rifampicin in the treatment of
pulmonary tuberculosis. PhD thesis. Moscow; 1984. (In
Russian).

Averbakh M.M., Gergert V.Ya. Immunological aspects of
intolerance to anti-tuberculosis drugs. Vestnik TSNIIT.
2019;3:65-73. (In Russian).

Pichler W.J. The lymphocyte transformation test in the dia-
gnosis of drug hypersensitivity. Allrgy.2004;59:809-820.
Suzuki Y., Miwa S., Shirai M., Ohba H., Murakami M., Fuji-
ta K., Suda T., Nakamura H., Hayakawa H., Chida K. Drug
lymphocyte stimulation test in the diagnosis of advers re-
actions to antituberculosis drugs. Chest. 2008;134:1027-
1032.

Naumov A.G., Shprykov A.S., Kryukov E.R. A case of
influenza-like syndrome in a patient with pulmonary tu-
berculosis while taking rifampicin (case report). Vestnik
novykh meditsinskikh tekhnologiy. Electronic publication.
2021;6:39-43. (In Russian).

Brockow K., Przybilla B., Aberer W., Bircher A.J., Brehler R.,
Dickel H., Fuchs T., Jakob T., Lange L., Pfiitzner W., Mo-
ckenhaupt M., Ott H., Pfaar 0., Ring J., Sachs B., Sitter H.,
Trautmann A., Treudler R., Wedi B., Worm M., Wurpts G.,
Zuberbier T., Merk H.F. Guideline for the diagnosis of drug
hypersensitivity reactions. Allergo J Int. 2015;24(3):94~
105. DOI: 10.1007/s40629-015-0052-6.

Ansotegui I.J., Melioli G., Canonica G.W., Carabal-
lo L., Villa E., Ebisawa M. IgE allergy diagnostics
and other relevant tests in allergy, a World Allergy
Organization position paper. World Allergy Organi-
zation Journal. 2020;13(2):100080. DOI: 10.1016/j.
waojou.2019.100080.

Equilus-Gracia I, Tay T.R., Hew M., Escribese M.M., Bar-
ber D., O'Hehir R.E. Recent developments and highlights
in biomarkers in allergic diseases and asthma. Allergy.
2018;73(12):2290-2305. DOI: 10.1111/all.13628.

of the North-West

2024 179

N 4 Vol. 12



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Song W.J., Chang Y.S. Recent applications of basophil
activation tests in the diagnosis of drug hypersensitivity.
Asia Pacific Allergy. 2013;3(4):266-280.

Bychkova N.V. Activation of basophils: theoretical as-
pects and application in diagnostics of allergic diseases.
Meditsinskaya immunologiya. 2021:23(3):469-482. (In
Russian).

Chibisova 0.N., Lugovskaya G.l., Khabarova 0.V. Baso-
phil activation test in diagnostics of allergic reactions
to local anesthetics. Meditsinskiy vestnik Yuga Rossii.
2022;13(1):124-128. (In Russian).

BoumizaR., Debard A.L., Monneret G. The basophil activa-
tion test by flow cytometry: recent developments in clini-
cal studies, standardization and emerging perspectives.
Clin Mol Allergy. 2005;3(1):1-8.

Kim Z., Choi B.S., Kim J.K., Won D.I. Basophil markers for
identification and activation in the indirect basophil acti-
vation test by flow cytometry for diagnosis of autoimmune
urticaria. Ann Lab Med. 2016;36(1):28-35.

Flora M., Perna F., Abbadessa S., Garziano F., MaffucciR.,
Maniscalco M., Mollica M., Pelaia C., Tremante E., Maf-
fei M., Calabrese C. Basophil activation test for Staphylo-
coccus aureus enterotoxins in severe asthmatic patients.
Clin Exp Allergy. 2021;51(4):536-545. DOI: 10.1111/
cea.13772.

Hausmann 0.V., Gentinetta T., Bridts C.H., Ebo D.G. The
basophil activation test in immediate-type drug allergy.
Immunol Allergy Clin North Am. 2009;29(3):555-566.
Aranda A., Mayorga C., Ariza A., Dofia I., Rosado A., Blan-
ca-Lopez N., Andreu I., Torres M.J. In vitro evaluation of
IgE-mediated hypersensitivity reactions to quinolones.
Allergy. 2011;66(2):247-254.

Klinicheskiye rekomendatsii “Tuberkulez u detey” (2018,
2020, 2022), utverzhdennyye Ministerstvom zdra-
vookhraneniya Rossiyskoy Federatsii. (In Russian).
Bychkova N.V., Kalinina N.M., Davydova N.I., Vasyaki-
na L.l., Kalashnikova A.A., Chinenova L.V. Diagnostics
of hypersensitivity by flow cytometry: a teaching aid.
VTsSERM named after A.M. Nikiforov of the Ministry of
Emergency Situations of Russia. Saint Petersburg: IPTS
“Ilzmaylovskiy”; 2022. (In Russian).

NTEPATYPA

AkceHoBa B.A., CtepnukoB C.A., Kyuepagasa [.A., Ax-
Apeesa T.B. 3nupemuueckas cutyauus no Tybepky-
nesy y geteit B 2022 rogy. CoBpemMeHHble Npo6neMbl
3[ipaBOOXpPaHeHNA U MeJULUHCKON cTaTUCTUKK. 2024;1:
360-378.

JNososckas M.3., Hukupoperko H.H., Knoukosa J1.B., Ba-
cunbeBa E.b., MocuHa A.B. KnuHuyeckue u annagemumo-

ORIGINAL PAPERS

10.

11.

12.

13.

14.

NIOrMYecKne 0COBEHHOCTU TY6epKynesa y AeTell paHHero
Bo3pacTa B CaHkT-leTep6ypre. Meanatp. 2018;9(5):5-
12.DOI: 10.17816/PED955-12.

Knumos I'.B., Epwosa H.T., borgaHoBa E.B. Hexenatenb-
Hble NO6OYHbIE peakLuu Npu NeYeHun feTeil, 60NbHbIX
Ty6epkynesom. Tybepkynes u coLnanbHo-3HauUUMble 3a-
oonesaHusa. 2018;4:42-47.

JNososckas M.3., Motos W.10., HoBuk I.A. TepeHocu-
MOCTb [eTbMU XuMuoTepanuu Tybepkynesa. Ty6ep-
Kynes u 6onesHu nerkux. 2023;101(5):69-76. DOI:
10.58838/2075-1230-2023-101-5-69-76

MeaHoBa [.A., bopucos C.E. CnekTp n GakTopbl pucka
HeXxenaTeNbHbIX N060YHbIX peakLuii Npu nevyeHuu Bnep-
Bble BbISIBJIEHHbIX 60/IbHbIX TY6epKyne3oM. Tybepkynes u
6onesHun nerkux. 2017;95(6):22-29. DOI: 10.21292/2075-
1230-2017-95-6-22-29.

Jlososckasa M.3., Motos W.10., Hosuk I.A., fiposas 10.A.
Annepruyeckue HexenatesnbHble fBNeHUA Yy AeTeld
Ha doHe xumuoTepanum Ty6epkynesa. MeguumuHCKui
anbsiHc. 2023;11(4):43-54.

3y6oBa E.[l., TaxToxoaxaeBa I.P., CeHunxuna 0.10.,
Kuceneeny 0.K., lOcyboBa A.H., BnacoBa E.E. Hexe-
naTenbHble NOGOYHbIE peakuuu y fieTeil U NOAPOCTKOB
npu NPUMEHEHNN B CXeMax XMMUOTepanuu Ty6epkynesa
npenapaToB BTOPOro U TpeTbero psiaa. Ty6epkynes u co-
LiManbHO-3HauuMble 3ab6oneBaHus. 2021;1:45-53.
MapTbsHoBa E.[1. [lepeHOCUMOCTb aHTUOAKTEpUabHbIX
npenapaToB Npu LUTENbHOI Tepanuu Tybepkynesay fe-
Tell 1 MOAPOCTKOB. ABTOped. JUCC. ... KaHA. Mef. Hayk.
MockBa; 1987.

MBaHoBa [.A., bopucos C.E. Annepruyeckue peak-
LMW MpW NEYeHUU BnepBble BbIABMEHHbIX 60JIbHbIX
Ty6epKyne3oM opraHoB AbixaHusi. BectHuk LHWUUT.
2019;1(6):59-67.

MaHTenees A.M. JleyeHue Tybepkynesay fetei u B3poc-
nbix: pykosoactso. Mocksa: ['O0TAP-Meana; 2024.
BanabonkuH N.W., Enuceesa T.U., bynrakosa B.A. Jlekap-
CTBEHHas anneprus y aeteii: pyKoBOACTBO A/ Bpayen.
MockBa: ['90TAP-Meaua; 2023.

Khan S., Andries A., Pherwani A., Sarachuk P., Isaakidis P.
Patch-testing for the management of hypersensitivity
reactions to second-line anti-tuberculosis drugs: a
case report. BMC Research Notes. 2014;7:537. DOI:
10.1186/1756-0500-7-537.

Rerkpattanapipat T., Chiriac A. M., Demoly P. Drug
provocation tests in hypersensitivity drug reactions.
Current opinion in allergy and clinical immunology.
2011;11(4):299-304.

Rodriguez-Perez R., de las Vecilas L., Cabanas R., Bellon T.
Tools for etiologic diagnosis of drug-induced allergic
conditions. Int J Mol Sci. 2023;24(16):12577.

CHILDREN’S MEDICINE

180 2024

Ne 4 Tom 12

of the North-West



15.

16.

17.

18.

19.

20.

21.

22.

23.

[y6posckas H.A. KNnMHMKO-MMMYHONOTNYEeCKUe NposiB-
NeHns N060YHOro feicTBNA pudhamnuunHa Npu neyeHnn
Ty6epkynesa nerkux. ABT. .. [UC. KaHA. Mej. HayK. Mo-
ckBa; 1984.

Asep6ax M.M., l'eprept B.fl. UMMyHOnoruyeckue acnek-
Tbl HEMEPEHOCMMOCTY NPOTUBOTYGEPKYNE3HbIX Npenapa-
ToB. BecTHuk UHUWT. 2019;3:65-73.

Pichler W.J. The lymphocyte transformation test in the
diagnosis of drug hypersensitivity. Allrgy.2004;59:809-820.
Suzuki Y., Miwa S., Shirai M., Ohba H., Murakami M.,
Fujita K., Suda T., Nakamura H., Hayakawa H., Chida K.
Drug lymphocyte stimulation test in the diagnosis of
advers reactions to antituberculosis drugs. Chest.
2008;134:1027-1032.

Haymos A.T., lWnpbikoB A.C., Kptokos 3.P. Cnyyvai rpun-
nonofo6HOro CMHAPOMa Y 6ONIbHOTO NEroYHbIM Ty6ep-
KynesoM Ha ¢oHe npuema pudamnuunHa (cnyyai us
NpakTUKK). BECTHUK HOBbIX MEANLMHCKUX TEXHONOTMIA.
9nekTpoHHOe n3panue. 2021;6:39-43.

Brockow K., Przybilla B., Aberer W., Bircher A.J., Breh-
ler R., Dickel H., Fuchs T., Jakob T., Lange L., Pfiitzner W.,
Mockenhaupt M., Ott H., Pfaar 0., Ring J., Sachs B.,
Sitter H., Trautmann A., Treudler R., Wedi B., Worm M.,
Wurpts G., Zuberbier T., Merk H.F. Guideline for the
diagnosis of drug hypersensitivity reactions. Allergo J Int.
2015;24(3):94-105. DOI: 10.1007/s40629-015-0052-6.
Ansotequi I.J., Melioli G., Canonica G.W., Caraballo L.,
Villa E., Ebisawa M. IgE allergy diagnostics and other
relevant tests in allergy, a World Allergy Organization
position paper. World Allergy Organization Journal.
2020;13(2):100080. DOI: 10.1016/j.waojou.2019.100080.
Equilus-Gracia 1., Tay T.R., Hew M., Escribese M.M.,
Barber ., 0’'Hehir R.E. Recent developments and highlights
in biomarkers in allergic diseases and asthma. Allergy.
2018;73(12):2290-2305. DOI: 10.1111/all.13628.

Song W.J., Chang Y.S. Recent applications of basophil
activation tests in the diagnosis of drug hypersensitivity.
Asia Pacific Allergy. 2013;3(4):266-280.

CHILDREN’S MEDICINE

OPUTUHANDHDBIE CTATbH

24.

25.

26.

27.

28.

29.

30.

31.

32.

BoiukoBa H.B. AkTuBauus 6asodunos: TeopeTuye-
CKWe acnekTbl W NPUMEHEHUE B JMarHOCTUKE annep-
rmyecknx 3aboneBaHuit. MeguLUHCKas UMMYHONOTUS.
2021:23(3):469-482.

Yuéucosa 0.H., Jlyrosckas .U, Xabaposa 0.B. Tect
aKTMBaLMK 6a30(UIOB B [MAarHOCTUKE anneprunyeckux
peakLuit Ha MeCTHble aHecTeTUKU. MefMLMHCKMIA BECT-
HuK t0ra Poccun. 2022;13(1):124-128.

Boumiza R., Debard A.L., Monneret G. The basophil
activation test by flow cytometry: recent developments
in clinical studies, standardization and emerging
perspectives. Clin Mol Allergy. 2005;3(1):1-8.

Kim Z., Choi B.S., Kim J.K., Won D.I. Basophil markers
for identification and activation in the indirect basophil
activation test by flow cytometry for diagnosis of
autoimmune urticaria. Ann Lab Med. 2016;36(1):28-35.
FloraM., Perna F., Abbadessa S., Garziano F., MaffucciR.,
Maniscalco M., Mollica M., Pelaia C., Tremante E.,
Maffei M., Calabrese C. Basophil activation test for
Staphylococcus aureus enterotoxins in severe asthmatic
patients. Clin Exp Allergy. 2021;51(4):536-545. DOI:
10.1111/cea.13772.

Hausmann 0.V., Gentinetta T., Bridts C.H., Ebo D.G. The
basophil activation test in immediate-type drug allergy.
Immunol Allergy Clin North Am. 2009;29(3):555-566.
Aranda A., Mayorga C., Ariza A., Dofia I., Rosado A.,
Blanca-Lopez N., Andreu |., Torres M.J. In vitro evaluation
of Ige-mediated hypersensitivity reactions to quinolones.
Allergy. 2011;66(2):247-254.

KnuHuyeckne pekomeHpauum «Tybepkynes y geteii»
(2018, 2020, 2022), yTBEpXAEHHbIE MUHUCTEPCTBOM
3[,paBooxpaHeHns Poccuiickoin Gepepaumn.

bbiukosa H.B., Kanuuuua H.M., laBbigoBa H.U., Bacs-
KuHa J1./., KanawHukoBa A.A., YuHeHoBa J1.B. [lnarHo-
CTUKa TUMEepUYyBCTBUTENbHOCTU METOLOM MPOTOYHOI
LMTOMETpUN: y4ebHO-MeToANYeCcKoe nocobue. BLLAPM
um. A.M. Hukudoposa MYC Poccuu. CM6.: UML, «M3maid-
NOBCKMWii»: 2022.

of the North-West

2024 181

N 4 Vol. 12



