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Abstract

Introduction. Achieving control over bronchial asthma (BA) in children is fundamental
for treatment strategy for this socially significant disease. The need to monitor bronchitis
in order to reduce frequency and severity of BA exacerbations is considered to be of an
extreme importance.

Purpose. The aim of the study is to retrospectively investigate the indicators of nonspecific
bronchial reactivity depending on the inflammatory bloodpatterns in order to optimize
the comprehensive treatment of children with asthma.

Materials and methods. To achieve this goal, a comprehensive clinical and immunological
examination of |-l level of 120 children with BA was conducted. Indicators of cellular
and humoral immunity, the content of T-lymphocytes and their subpopulations in
the peripheral blood, the level of immunoglobulins of classes A, M, G, E total and
interleukin-4, -5, -8 in the blood serum were studied. All children were assessed for
immediate skin sensitivity to household, food, epidermal, and pollen allergens. Studies of
nonspecific bronchial hyperresponsiveness (NBHR) to direct bronchospasmogenic stimuli
were performed using an inhalation spirometric test with serial dilutions of histamine,
taking into account the recommendations for the study standardization. Depending on
the content of granulocytes in the blood, four clinical groups were formed. The first (I)
group consisted of 34 children with asthma with hypogranulocytic inflammatory pattern
(countof eosinophils in blood <250 cells/mm3 and neutrophils <5000 cells/mm3) (average
age — 13.7+2.6 years, the percentage of boys — 64.7%), group Il included 60 children with
asthma with a predominantly eosinophilic pattern of peripheral blood (eosinophil count
=250 cells/mm3) (average age — 12.8+2.9 years, the percentage of boys — 70.0%), group
Il included 14 children with a neutrophilic pattern (neutrophil count 5000 cells/mm3)
(average age — 12.6+2.7 years, the percentage of boys — 64.3%), group IV included 12
children with hypergranulocytic pattern of the inflammatory response (eosinophil count
>250 cells/mm3 and neutrophil count > 5000 cells/mm3) (average age — 14.9+£1.9 years;
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the percentage of boys - 58.3%). According to the main clinical characteristics the groups
under observation were compared.

Results. The presence of hypergranulocytic inflammatory blood pattern increases
the chances of developing severe nonspecific bronchial hyperresponsiveness and,
consequently, the severe course of disease. In particular, the chances of severe asthma
with probability of losing control over the disease in patients with hypergranulocytic
inflammatory blood pattern in the presence of bronchial hyperresponsiveness to
histamine (at a concentration rate of less than 1.2 mg/ml, which decreases FEV, by 20%)
compared with hypogranulocytic inflammatory phenotype increased by 17.0.
Conclusions. Chances of severe asthma course with the probability of control loss over
the disease control in patients with hypergranulocytic inflammatory blood pattern in the
presence of bronchial hyperresponsiveness to histamine compared with hypogranulocytic
inflammatory phenotype increased by 17,0.

Keywords: bronchial asthma, children, phenotype, inflammatory blood pattern,
nonspecific bronchial hyperresponsiveness
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Pesiome

BeepeHue. [locTxeHne KOHTPONA Haa 6POHXMaNIbHOM acTMOW Y AeTel ABNAETCA OCHO-
BOW CTpaTernm neyeHnsa 3Toro coLmManbHO 3HauMMoro 3aboneBaHua. YpesBblualiHO Bax-
HoW 3aflaueln ABNAETCA HeOOXOAMMOCTb NPOBefEeHNA MOHUTOPUHIA 6POHXMaNbHOIO BOC-
naneHuna AnA yMeHbLUEHWA YacTOTbl U CTEMEHN TAXKECTN 060CTPEHNIA.

Llenb. C uenbio onTMmMm3aLmy KOMMNAEKCHOTO JledeHnsa AeTel, 60nbHbIX OPOHXMaNbHOM
acTMOW, PeTPOCMNEeKTUBHO MCCefoBaTb MoKasaTeny Hecneundryeckon peakTMBHOCTM
6POHXOB B 3aBUCMMOCTY OT BOCNaNMTENbHbIX MAaTTEPHOB KPOBU.

MaTtepuanbl n metoabl. [1na JOCTMXKEHMA NOCTAaBNEHHbIX Liefiei MPoBeJeHO KOMMNeKC-
HOe KIIMHUKO-UMMYHosornyeckoe obcnefnoBaHue |-l ypoBHsa 120 peteld, 60nbHbIX
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O6pOHXManbHOM acTMON. M3yyanncb nokasartenn KNeToYHOro v ryMopanbHOro MMMyHU-
TeTa, copepaHue B nepudepryeckon Kposu T-nMdoLUTOB 1 NX CybnonynaLuii, a B Cbi-
BOPOTKE KPOBU — YyPOBEHb MMMYyHOrnobynuHoB KknaccoB A, M, G, E obuiero n untepnen-
KnHa-4, -5, -8. Bcem getam NnpoBoAnImv OLEeHKY KOXKHOM YyBCTBUTENIbHOCTN HEMeANIEHHOrO
TUNa K ObITOBbIM, MMLLEBbLIM, 3MMAEPMASTbHBIM U NblfbLEBLIM aniepreHam. MiccnegosaHue
HecneunduUeckom runepBoCNPUMMUYNBOCTY BPOHXOB K MPAMbIM BPOHXOCMNAa3MOreHHbIM
CTMMYnaM NPOBOANIIN C MOMOLLbIO MHIFANALMOHHOIO CNMPOMETPUYECKOrO TecTa C Cepuii-
HbIMW pa3BefeHNAMN rMCTaMUHa C yYeTOM pekoMeHZauuii No CTaHdapTM3aLmm nccneqo-
BaHMA. B 3aBMCMMOCTV OT copepaHmA rpaHyTIoLMTOB KPOBU CHOPMIUPOBaHbI YeTbipe Kin-
Huueckme rpynnol. Mepsyto (1) rpynny coctaBnanu 34 pebeHka c 6POHXMANbHON acTMON
C rynorpaHynouMTapHbiIM NaTTepHOM BOCManeHus (cojepaHue 303MHOGUNIOB KPOBU
<250 knetok/mm® 1 HenTpodmnos <5000 KneTok/mm?) (CpeaHUI Bo3pacT — 13,7+2,6 roaa,
[,0NA ManbumKkoB 64,7%), Bo Il rpynny Bownu 60 fetel ¢ 6poHXMaNbHON aCTMON C Npermy-
LEeCTBEHHO 3031HOMUNBbHBIM NATTEPHOM Nepudepryeckon KpoBm (cogepKaHne 3031MHo-
¢dunos =250 knetok/mMm3) (cpepgHuin Bo3pacT — 12,8+2,9 roga, fona manbumkos — 70,0%),
8 Il rpynny Bownu 14 geTen ¢ HeMTPOGUIbHBIM NaTTEPHOM (cofepKaHre HernTpodunnos
>5000 knetok/mMmm®) (cpepgHuin Bo3pacTt — 12,6+2,7 ropa, Aonsa ManbuymkoB — 64,3%), B IV
rpynny Bownu 12 geten ¢ rmneprpaHynoumMTapHbIM NAaTTEPHOM BOCManMTeIbHOro OTBeTa
(copepxaHue 303MHOGKNOB KPoBM =250 KneTok/mMm?® 1 HenTpodrnos =5000 KneTok/mMm?)
(cpepgHu Bo3pact — 14,9+1,9 roga; gona manbumkos — 58,3%). Mo OCHOBHbIM KNMHWUYe-
CKMM XapaKTepucTrKam rpynnbl HabnogeHnsa b1 ConocTaBUMBL.

Pesynbrartbl. [loKasaHo, UTO Hannune runeprpaHynoLMTapHOro BOCNaanTeNbHOro nat-
TEepPHA KPOBM MOBbIWAET LWAHCbl Pa3BUTUA BblPaKeHHOW Hecrneunduyeckon runepso-
CNPUMMUYNBOCTU BPOHXOB 1, COOTBETCTBEHHO, TAXKENOro TeueHUs 3aboneBaHus. B vacT-
HOCTM, LWAHCbI TAXKENOro TeYeHMA acTMbl C BEPOATHOCTbIO MOTEPU KOHTPONA Hag 3abo-
neBaHVeM y NauMeHToB C rMneprpaHynoLnTapHbIM BOCManUTebHbIM NaTTEPHOM KPOBU
npw HaNMYMM rMNepPUyBCTBUTENIBHOCTY GPOHXOB K r’MCTaMUHY (MPY KOHLEHTpaLuu MeHee
1,2 Mr/mn, uto NPMBOAMT K yMeHbLueHro OMB1 Ha 20%) No cpaBHEHMIO C rTMMorpaHynoLm-
TapHbIM BOCManuTenbHbiM deHoTMNoM yBenuuusanucb B 17,0 pasa.

BbiBogbl. LLIaHCbI TAXKENOro TeUeHNs aCTMbl C BEPOATHOCTbIO MOTEPU KOHTPONA Hag 3a60-
neBaHVeM y NauMeHToB C rMneprpaHynoLnTapHbIM BOCManUTebHbIM NaTTEPHOM KPOBU
NPy HaNNYUKN rTMNepUYyBCTBUTENBHOCTU BPOHXOB K MMCTaMVHY MO CPaBHEHWIO C rMnorpa-
HyfnouMTapHbIM BOCNaNuTeNbHbIM MaTTEPHOM yBenuumBanuch B 17,0 pasa.

KnioueBble cnoBa: 6poHxmanbHas actma, AeT, GeHOTUN, BOCNANUTENbHbIV NATTEPH KPO-
BU, Hecneundmyeckas runepBoCnpUNMUYMBOCTb OPOHXOB

B INTRODUCTION

Achieving control over bronchial asthma (BA) in children is fundamental for the
treatment strategy of this socially significant disease. The necessity to monitor bronchial
inflammation in order to reduce frequency and severity of BA exacerbations is considered
to be of an extreme importance [12, 13].

At the same time, the scientific literature data accumulated in recent years concerning
association of the disease severity with a certain inflammatory phenotype of BA are mostly
quite contradictory. Thus, some authors indicate a predominantly neutrophilic model of
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asthma in a severe course of the disease [14], others state a severe hyperresponsiveness of
the respiratory tract and, accordingly, more severe disease in the presence of eosinophilic
model of asthma [2, 4, 15].

In clinical practice, the most accessible method is to determine inflammatory
phenotypes by the content of circulating granulocytes in the peripheral blood. Thus, a
number of authors [3] indicate the existence of four inflammatory phenotypes of bronchial
asthma by the content of circulating eosinophils and neutrophils: hypogranulocytic or
paucigranulocytic (with a normal content of these granulocytes), eosinophilic (with
blood eosinophilia higher than 250 cells/mm3), neutrophilic (with blood neutrophils
over 5000 cI/mm3) and hypergranulocytic (with an increased content of eosinophilic and
neutrophilic blood granulocytes).

Certain researchers associate the increase in nocturnal symptoms of the disease
and a severe course of the disease, which requires the use of high doses of inhaled
glucocorticosteroids, mainly with the hypergranulocytic inflammatory pattern of blood
in children with bronchial asthma [9,11]. On the one hand, administration of high doses
of inhaled glucocorticosteroids to such patients leads to apoptosis of eosinophils, and on
the other hand, prolongs life of neutrophilic granulocytes in the blood, causing a more
severe course of the disease [5].

Eosinophilic inflammatory phenotype of asthma (according to the content of
granulocytes in the peripheral blood) is characterized by positive skin tests with standard
allergens, increased levels of specific IgE in the blood, eosinophilia and decreased forced
exhaling volume in 1 second (FEV)) [6, 71. The neutrophilic model of BA is characterized
by a more severe course of the disease which is difficult to control with anti-inflammatory
therapy, less distinct allergic sensitization, moderate results of the skin tests with allergens,
fixed obstruction of the respiratory tract, a predominant influence of environmental
factors and the development of inflammation mediated through macrophages and
epithelial cells rather than through activated Th2 cells [10]. Patients with a neutrophilic
phenotype are characterized by a moderate response to broncholytic therapy and low
FEV, levels after administration of bronchodilators.

All the above determines reasonability of the current study dealing with the indicators
of nonspecific bronchial hyperresponsiveness in children depending on the inflammatory
blood patterns, since fragmentary literature data are quite contradictory.

B PURPOSE OF THE STUDY

The objective of the study is to retrospectively investigate the indicators of nonspecific
bronchial reactivity depending on the inflammatory blood patterns in order to optimize
the comprehensive treatment of children suffering from bronchial asthma.

B MATERIALS AND METHODS

To achieve this purpose a comprehensive clinical and immunological examination
of I-Il level of 120 children with BA was conducted. Indicators of cellular and humoral
immunity, the content of T-lymphocytes and their subpopulations in the peripheral blood,
the level of immunoglobulins of classes A, M, G, E total and interleukin-4, -5, -8 in the
blood serum were studied. All the children were assessed forimmediate skin sensitivity to
household, food, epidermal, and pollen allergens.
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Depending on the content of granulocytes in the blood, four clinical groups were
formed.The first (I) group consisted of 34 children suffering from BA with hypogranulocytic
inflammatory pattern (count of eosinophils in the blood <250 cells/mm3 and neutrophils
<5000 cells/mm3) (average age - 13.7+£2.6 years, including 64.7% of boys), group I
included 60 children suffering from BA with a predominantly eosinophilic pattern of the
peripheral blood (eosinophil count =250 cells/mm3) (average age - 12.8+2.9 years, the
percentage of boys — 70.0%), group Il included 14 children with a neutrophilic pattern
(neutrophil count >=5000 cells/mm3) (average age — 12.6+2.7 years, the percentage
of boys - 64.3%), group IV included 12 children with hypergranulocytic pattern of the
inflammatory response (eosinophil count =250 cells/mm3 and neutrophil count =5000
cells/mm3) (average age — 14.9£1.9 years; the percentage of boys — 58.3%). According to
the main clinical characteristics the groups under observation were comparable.

Nonspecific bronchial hyperresponsiveness (NBHR) to direct bronchospasmogenic
stimuli was studied using an inhalation spirometric test with serial dilutions of
histamine, taking into account the recommendations for the study standardization [1].
The concentration (PC,H) and dose (PD,,H) of histamine, which caused a decrease in
FEV, by 20% from baseline, were calculated. PC,H and PD,H indicators were used to
determine airway hyperresponsiveness, considering the fact that the higher the bronchial
hyperresponsiveness was the lower those values were. Bronchial hyperreactivity (BHR)
reflects the dose-response curve (DRC), in particular, the slope of the ‘flow-volume’ curve
during the histamine inhalation test. The rate of DRC was found to increase with the
growth of BHR. Bronchial lability was determined according to the recommendations [8]
by assessing their response to the dosed physical exercise (DPE) and inhalation of short-
acting B2-adrenomimetics (Salbutamol 200 mcg), followed by calculation of bronchial
lability indicator as the sum of components, i.e. index of bronchospasm (IBS) and index of
bronchodilation (IBD).

The results of the study obtained were analyzed from the standpoint of biostatistics
and clinical epidemiology with the help of computer software Statistica7 StatSoft Inc.
and Excel XP for Windows, the indicator difference was considered statistically significant
at p<0.05. From the clinical epidemiology standpoint the relative risk (RR) and the odds
ratio (OR) of a certain event were determined. The selection and examination of patients
complied with the biomedical ethics principles in pediatrics.

B RESULTS AND DISCUSSION

Considering contradictory data concerning the features of nonspecific bronchial
hyperresponsiveness in children with bronchial asthma and taking into account
inflammatory blood patterns, these indicators were determined and the data are
presented in Table 1.

The obtained results give grounds to believe that children with hypergranulocytic
inflammatory blood pattern possess hyperresponsiveness to histamine, with probably
higher bronchial lability rates both due to bronchospatic and bronchodilator reactions.

Bronchial hyperresponsiveness and, in particular, the slope of the ‘flow-volume
curve in patients with hypergranulocytic inflammatory blood pattern probably
correlated with the presence of atopic asthma (r=0.8, p<0.05), loss of disease control
due to AST test results (r=0.8, p<0.05), an increase of interleukin-4 count in the blood
(r=0.9, p<0.05), a decrease in the relative count of CD22 lymphocytes in the blood

’
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Table 1
Indicators of nonspecific bronchial hyperresponsiveness in representatives of the comparison groups
(95% Cl)

Indicators
Clinical groups PD, H PC, H DRC (standard o o o
(m§°/m|) (ngolml) units) IBL (%) IBS (%) IBD (%)
Group | 13 5.8 0.9 15.9 6.1 9.7
(hypogranulo-cytic) | (0.2-3.1) (1.1-8.3) (0.3-1.9) (3.1-423) | (3.9-30.1) |(1.1-40.9)
Group Il 0.3 1.6 1.7 24.3 134 11.0
(eosinophilic) (0.1-0.8) (0.8-3.3) (0.8-3.4) (6.2-48.9) | (6.4-59.0) |(6.4-43.9)
Group lll 0.4 1.8 16 253 16.4 11.5
(neutrophilic) (0.1-0.9) (0.6-4.6) (0.8-3.3) (2.2-45.8) | (8.3-53.4) |(2.6-35.8)
Group IV 03 1.2 1.8 41.0 18.8 2338
(hypergranulo-cytic) | (0.1-0.8) (0.6-3.3) (0.6-4.6) (2.2-53.5) |(2.9-44.5) |(2.2-52.5)
L, v L, v Lo, Lo, Lo, )
P <005 <005 IV<0.05 V<005 | Iv<005 | ':IV<005

(r=—0.8, p<0.05) and a decrease in the ratio of herper-suppressor population of
T-lymphocytes (r=-0.8, p<0.05).

The correlations study of the airway hyperresponsiveness in patients belonging to the
clinical group IV also showed the presence of probable correlations with the atopic form
of bronchial asthma (r=0.6, p<0.05), increased functional activity of eosinophils (r=0.9,
p<0.05) and neutrophilic (r=0.9, p<0.05) blood granulocytes, inversely correlated with
the relative count of the helper subpopulation of T-lymphocytes (r=-0.7, p<0.05) and
indicators of skin hypersensitivity to household allergens (r=-0.9, p<0.05) and directly
correlated with the relative count of T-lymphocytes — suppressors (r=0.8, p<0.05).

Based on the above data the following dividing points were selected to study the
diagnostic value of NBHR indicators in detecting a probable severe course of bronchial
asthma in patients with hypergranulocytic inflammatory blood pattern: for PC, H - less
than 1.2 mg/ml; for DRC — more than 1.8 standard units; for IBL — more than 40%; for IBS -
more than 18%; for IBD — more than 25%.

Table 2

Diagnostic value (%) of NBHR indicators in the probability of severe bronchial asthma in children
with hypergranulocytic inflammatory blood pattern compared with hypogranulocytic inflammatory
phenotype

Diagnostic value The probability | The probability

Indicators | Sensitivity | Specificity of | Prognostic | Prognostic |of apositive | of a negative
of the test | the test value (+) value (-) result result

PCags 752 853 833 77.3 5.0 03

<1.2mg/ml

DRC

>1.8 st.un. 501 82.1 73.2 62.4 2.8 06

IBL 422 93.0 85.4 616 6.0 06

>40% : : : : . )

IBD

525% 46.0 90.3 82.0 62.7 4.6 0.6

1IBS

>18% 46.1 95.2 90.3 63.0 9.2 0.6
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Taking into account the above dividing points, the diagnostic value of NBHR indicators
in detecting severe BA is presented in Table 2.

The provided diagnostic value indicators of NBHS markers suggest that the NBHS
markers to histamine, when the concentration is less than 1.2 mg/ml causes decrease
of FEV, by 20% from baseline can be used to confirm the prognostically severe course
of bronchial asthma with the likelihood of control loss over the disease in patients with
hypergranulocytic inflammatory blood pattern. At the same time, this test, due to its
low sensitivity and the expected value of its negative result, should not be used for this
purpose for screening patients, which coincides with the data in scientific literature.

At the same time, due to a high specificity of these tests and indicators of prognostic
value and the ratio of probability of a positive result, these tests can refute the likelihood
of severe disease course in the absence of hypergranulocytic inflammatory blood pattern
and, in particular, hypogranulocytic inflammatory phenotype.

This assumption is confirmed by assessing the risk of severe uncontrolled bronchial
asthma course in patients using the above-mentioned diagnostic tests (Table 3).

Table3
Risk indicators for severe bronchial asthma course in children with hypergranulocytic inflammatory
blood pattern compared to hypogranulocytic inflammatory phenotype

Indicators 0Odds ratio (95% Cl) :‘;5'3;'2; LR Absolute risk
PC,,, <1.2mg/ml 17.0 (8.3-34.6) 3.6 (23-5.9) 0.58
DRC >1,8 st.un. 4.2(1.7-8.4) 2.1(1.1-2.8) 0.32
IBL >40% 9.6 (4.0-22.8) 2.2(1.0-4.7) 0.47
IBS >18% 20.4 (6.9-59.8) 2.5(0.9-6.8) 0.56
IBD >25% 7.6 (3.5-16.4) 2.2(1.1-4.1) 0.44

The provided risk indicators of severe asthma course in children with hypergranulocytic
inflammatory blood pattern suggest that the probable value is specific not only to
indicators of bronchial sensitivity and hyperresponsiveness to histamine, but also
indicators of bronchial lability, the distinguishing of which is easier in the practice of
treatment and prevention facilities of different levels.

Thus, the above-mentioned results of assessing NBHR diagnostic value in children,
taking into account inflammatory blood patterns, as well as the magnitude of clinical
and epidemic risk of the event, suggest that they can be used to solve a clinical task
concerning verification of the prognostic disease course in the presented populations of
children with asthma, especially in the presence of hypergranulocytic inflammatory blood
pattern. At the same time, none of these tests have a sufficient degree of sensitivity and the
prognostic value of its negative result, which do not allow their use as a method of primary
screening. However, the presence of hypergranulocytic inflammatory pattern of blood
increases the chances of developing severe nonspecific bronchial hyperresponsiveness
and, consequently, the severe course of the disease, which requires a higher level of
control therapy.

B CONCLUSIONS
1. Patients with hypergranulocytic inflammatory blood pattern showed significant
indicators of bronchial hypersensitivity and hyperresponsiveness to histamine.
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Chances of severe asthma course with the probability of control loss over the disease
control in patients with hypergranulocytic inflammatory blood pattern in the
presence of bronchial hyperresponsiveness to histamine (at a concentration rate of
less than 1.2 mg/ml causes decrease of FEV, by 20% from baseline) compared with
hypogranulocytic inflammatory phenotype increased by 17.0.

Inflammatory blood patterns should be determined in order to predict the
probable severe disease course with the risk of developing nonspecific bronchial
hyperresponsiveness. In the presence of a hypergranulocytic inflammatory blood
pattern one should start with the highest step of basic anti-inflammatory therapy in
order to achieve control over the disease.
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