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Pe3iome. Tsixenasi MexaHuveckasi TpaBMa SIBJISIETCS] OHOM U3 OCHOBHBIX MPUYUH NE€TCKOW MHBAIUIN3A-
U1 U cMepTHOCTU. PasBuBaluiicss nucbasaHC rUINepBOCIIAICHUSI U UMMYHOCYTIPECCUU B KPUTUUECKOM
MEePUOJIe TSXKEI0M TPABMBbI IMOBBIIIAET PUCK Pa3BUTHUSI MH(MDEKIIMOHHbBIX OCJIOXKHEHUI U/WIN MOJMOPraHHOMN
HemocTtaTouHOCTU. Llenbio paboThl ObLIO OrpeaesieHre MHMOPMATUBHBIX UMMYHOJIOTUYECKMX KPUTEPUEB
TSKECTU MOBPEXISHMS, OLIEHKM PUCKa Pa3BUTUS OCJIOXHEHUI M IPOTHO3a MCXOoja TpaBMaTUYECKOM 00-
JIE3HU y AeTeil mpu Tskesioir mexanndeckoit tpaBme (TMT, ISS > 16, n = 87) B rpynmnax ¢ 01aronpusiTHbIM
(n=47) n HeOGnaronpusaTHLIM ucxogaoM (n = 40), a TakKe B 3aBUCUMOCTHU OT Pa3BUTUSI THOMHO-CETITUUYECKUX
ocnoxHeHuit ('CO, n = 16) u cunapoma noanopraHHoi HegoctarouHoct (CITOH, n=11). Metozom mnpo-
TOYHOM LIMTOMETPUU MPOBeIeHa olleHKa coaepxkaHus T-xenmepoB (Th) v ux cyoronyasiiuii: peryasiTopHble
T-numdorutel — CD4*CD127°vCD25"e" (Treg), Th17-ro Tuna — CD4"CD161* u CD4+*CD127MeCD25Meh T -
knetku (T127hi) B 1-e, 3-u, 5-e, 7-e, 14-e cyTKM ¢ MOMEHTA MOJydeHUs TpaBMbl. [pyIiy cpaBHEeHUS cocTa-
B 34 pebeHKa ¢ TpaBMoii Jierkoit u cpeaHeit creneHu Tszkecty (JIT, ISS < 16). KoHTposibHYIO rpyniny B KC-
ciaenoBaHur cocTaBuwiv 80 yCJIOBHO 30POBBIX JETEI, COIMOCTABUMbIX 110 BO3pacTy U IoJ1y. B uccienoBanuu
BBISIBJICHA OOpaTHasi 3aBUCUMOCTb TSKECTU TPaBMbl, CTEIIEHU KPOBOIIOTEPU U MCX0/a ¢ aOCOIIOTHBIM YMC-
JIOM Bcex cyoromyasunii, omHako st Th u Treg otmeueHa Haubouiee cuibHas cBsidb (R Crimpmana < -0,70,
p <0,00001). Ins rpyrmsl TMT o0HapyXXeHO BbIpaxkeHHOE CHUXKEHUE aOCOTIOTHOrO KOJIM4YecTBa KiaeTok Th,
Treg, T127hi u Th17 B paHHeM NOCTTpaBMaTUYECKOM TIEPUOJE C TCHAECHILIMEN K MOBBIIIEHUIO K 14-M CyTKaMm.
3Ha4yeHus B MepBble CYTKU [Jis MoKa3zaTesei mauueHToB ¢ JIT cooTBeTCTBOBAIM 3HAYEHUSIM KOHTPOJIbHOM
TPYIIIbL U 3HAYUMO OTJIMYaIuCh OT rpyrnnbl TMT. Bbuin BbISIBJCHBI pa3invus B IMHAMUKE IIPOLICHTHOIO
coaepxaHus cyoronynsiuii Th B ocTpoMm mocTtrpaBMaTudeckoM nepuoge. [TponeHTHoe coaepxkanue Thl7
u T127hi nocToBepHO MOBBIIIEHO B 1-3-i1 1 3-7-i1 AHU TTOCJIe TPaBMbl COOTBETCTBEHHO B CpaBHEHUU C KOH-
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TpoJibHOI rpynmnoi u JIT. Ui mpoleHTHOTO coaepxXaHus Treg TOCTOBEPHBIX Pa3Iuduii B IIEPBYIO HEAECITIO
mocJie TpaBMbl BbISIBJIEHO He ObL10. HU3KMi ypoBeHb aOCOTIOTHOTO KOJIMYECTBA KIETOK Tregy malueHTOB C
TMT Ha nepBble CyTKH MOCJE TPaBMbl B 3HAUUTEIbHOU cTeneHu cBsi3aH ¢ pazputuem ['CO u HebmaronpusT-
HBIM McxoAaoM. JInHaMuKa aOCOJIIOTHOTO KoyinyecTBa KjieTokK Th17 B OCTpoM MOCTTpaBMaTUYECKOM MEPUOIE
3HauuMo oTanvainach y aeteit ¢ TMT nipu pazputuu CITOH. A6costotrHoe KonnuecTtBo Thl17 gocToBepHO
CHUeHO B 3-7-1i muu nocie TpaBmbl B rpyrine TMT ¢ CITOH. Pe3ynbTaThl McCie10BaHUS CBUNETEIbCTBYIOT
0 ToM, uTo y Aeteii ypoBHU Treg, T127hi u Th17 1ocTOoBEpHO CBSI3aHbI C TSXKECTHIO TPAaBMbl U MOTYT ObITh
MCMOJb30BaHbI JJI MTPOTHO3UPOBAHUS UCXOJa TPABMAaTUUECKOTO 3a00J€BaHUSI U OLIEHKU pUCKa Pa3BUTUS
I'CO u CITOH.

Karouesnie cnosa: demu, maxceaas mpaema, noaumpaema, cyononyaayuu T-xeanepoe, cunopom noauopeantoi HedocmamouHocmu,
UHGEeKYUOHHbIE 0CA0NCHEHUS

DYNAMICS OF T HELPER SUBPOPULATIONS IN THE CRITICAL
PERIOD OF SEVERE INJURY IN CHILDREN

Zakirov R.Sh.*®, Petrichuk S.V.2, Freidlin E.V.2 Kuptsova D.G.2,
Yanyushkina O.G.», Karaseva O.V.»"?

¢ National Medical Research Center for Children’s Health, Moscow, Russian Federation
b Institute of Urgent Children Surgery and Traumatology, Moscow, Russian Federation

Abstract. Severe mechanical injury is one of the main reasons behind children’s disability and mortality.
Severe injury induces a complex host immune response to tissue injury, a parallel pro- and anti-inflammatory
state, bearing an elevated risk for infectious complications (IC) and/or multiple organ failure (MOF). This
study aimed to determine the informative immunological criteria of traumatic injury severity and prognosis
outcome in children (severe injury group (SInj, ISS > 16), n = 87; mild/moderate injury group (MInj, ISS < 16),
n = 34) based on the assessment of absolute cell count (abs) and percentage of such T helper subpopula-
tions as regulatory T lymphocytes — CD4*CD127°*CD25"e"(Treg), Th17 lymphocytes — CD4*CD161" and
CD47CDI127"eCD25"e" T cells(T127hi) in severe injury cases grouped by the outcome (favorable, n = 47;
unfavorable, n = 40) and depending on IC (n = 16) and the development of MOF (n = 11) on the 1%, 39,
St 7t 14% day after injury. The control group was comprised of 80 apparently healthy children comparable
in age and sex. An inverse relationship between severity of injury, degree of blood loss and outcome of injury
was revealed with the abs of all Th populations, but for Th abs and Treg abs the most significant correlation
was found (Spearman’s R < -0,70, p < 0.00001). For SInj group, a pronounced decrease of Th abs, Treg abs,
T127hi abs and Th17 abs, in the acute post-traumatic period with an increase to 14 days was revealed. The
values of in the first day for indicators of patients with MInj group correspond to the values of control group and
significantly differ from SInj group. There are different kinetics of percentage Th subpopulations in peripheral
blood of children with severe injuries. The Th17%CD4* and T127hi%CD4" significant increase in 1*-3¢ and
3d-7! days after injury respectively in comparation with control and MInj groups. There were no differences
between groups in terms of Treg%CD4*. The lower-level Treg abs in trauma patients admitted to the ICU is
significantly associated with develop the infectious complications and outcome of trauma. The Th17 abs is
significantly reduced in 3-7" days after the injury in the SInj group with MOEFE. The results of the study indicate
that in children levels of Treg, T127hi and Th17 is significantly associated with severity of injury and may be
used to predict outcome of trauma and assess the risk of IC and MOE

Keywords: children, severe injury, polytrauma, T helper subpopulations, multiple organ failure, infectious complications

inflammatory state, bearing an elevated risk for
infectious complications (IC) and/or multiple organ

Introduction

Severe mechanical injury is one of the main

reasons behind children’s disability and mortality [3].
Severe injury induces a complex host immune
response to tissue injury, a parallel pro- and anti-

failure (MOF) [1, 5]. There is usually a period of
prominent immunosuppression the pathogenesis
of which is largely shaped by the decreasing level of
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T lymphocytes (Th) in severe injury [7]. Activity,
absolute cell number and frequency of such T helper
subpopulations as regulatory T lymphocytes (Treg) —
CD4*CDI127"°*CD25"eh  and Thl17 lymphocytes
(Th17) can be a significant marker in determining the
severity of the pathological process and predicting its
outcome. Regulatory T cells play an important role
in the orchestration of self-tolerance and immune
reaction. It has been demonstrated that Tregs were
activated in response to injury which driven trauma-
induced suppression of Thl responses and T cell
anergy [4, 8]. Moreover, they have an important but
not yet profoundly characterized role during the post-
traumatic inflammation; and may, therefore, be an
important determinant of the extent and/or severity
of the post-traumatic immunosuppression as well [9].
Th17 cellis anovel subset of CD4*T cells characterized
by the production of IL-17 and other abundant
cytokines such as IL-22, and I1L-26 and TNFa with
a week and proinflammatory response [12]. Trauma
patients admitted to the intensive care unit (ICU)
ward have identified increased Th17 cells during the
first week after admission, which are correlated with
development of early poor outcomes [2]. Therefore,
we have characterized and analyzed the dynamics of
some subsets of Th, which may play an important
role in the post-traumatic immunosuppression, and
thereby the recovery from trauma in children.

The purpose of this study was to identify infor-
mative immunological criteria for the traumatic
disease severity and as applicable to children. The
identification relies on the assessment of absolute and
relative number of T helper subpopulations — Thl17,
Tregand CD4"CD127"eCD25"Meh l[ymphocytes.

Materials and methods

The study involved 87 patients (58 boys (66.6%),
35 girls (33.4%); 331 observation sessions) with
severe injury (SInj), treated at the Department of
Anesthesiology and Resuscitation of the Research
Institute of Emergency Pediatric Surgery and
Traumatology. We used the laboratory of the National
Medical Research Center for Children’s Health for
laboratory studies, which were prescribed 1 to 5 times,
depending on the length of stay of a given child at the
ICU. The median age of the children was 12.0 (5.75-
15.0) years (Me (Q5-Qps)). The time options for
laboratory studies were the first, third, fifth, seventh
and 14™ days from the day of injury. The comparison
group was comprised of 34 patients (15 boys (44.1%),
19 girls (55.9%); 34 observation sessions) with mild/
moderate injury (MInj) treated at the Department of
Neurotrauma. The control group was comprised of 80
apparently healthy children, all of them underwent
medical examination at the National Medical
Research Center for Children’s Health. The children

were comparable in age and sex: age — 12.41 (4.4-
16.2) years; 47 boys (58.7%), 33 girls (41.3%).

Assessing the injury, we relied on the Injury Severity
Score (ISS) and the Glasgow Coma Scale (GCS).
The outcome of an SInj was assessed with the help of
the Glasgow Outcome Scale (GOS) and the Severe
Injury Outcomes Scale (OISS) [11]. These scales
were applied to assess the condition of the patient at
discharge from the hospital.

The patients in our study met the following criteria:
severe injury (ISS > 16), aged 1-18 years, admittance
to the ICU within 72 hours. Concomitant acute
inflammatory and chronic diseases were a reason for
exclusion.

At the first stage, we analyzed the results from the
control group, the MInj (ISS 4.0 (4.0-9.0)) and the
SInj group (ISS 26.0 (21.0-29.0)). At the second stage,
we analyzed the two groups from SInj formed with the
help of GOS and OISS, the favorable outcome group
(SInjfav, n = 47) and the unfavorable outcome group
(SInjunfav, n =40). The distribution into these groups
was based on the scores: patients were allocated to the
SInjfav group if they scored 4-5 points on the GOS
scale and 1-2 points on the OISS scale, and to the
SInjunfav group if they scored 1-3 points on the GOS
scale and 3-5 points on the OISS scale.

Clinical and laboratory indicators of systemic
inflammatory response syndrome and organ failure
were evaluated in all patients with severe injury. Organ
functioning was assessed daily after admission to the
ICU using MODS (Multiple Organ Dysfunction
Score) [6]. Patients with severe injury were divided
into groups depending on infectious complications
(IC n = 16) and the development of MOF (MOF

n=11).
We assessed the quantity of Th — CD4" cells,
TI127hi — CD4*CDI127"eCD25"eh  Thl7 —

CD4*CDI161", Treg — CD4"CD127"°*CD25"e" in the
patients. Two-platform technology enabled assessment
of the quantitative indicators of the subpopulation
composition of peripheral blood T helpers. The
absolute number of lymphocytes was calculated with
the help of a Sysmex XT-2000i hematology analyzer
(Sysmex Corporation; Japan). The preparation
of samples for cytofluorimetric analysis included
incubation of 100 pL of whole blood with 10 pL of
monoclonal antibodies tagged with fluorochromes for
20 min in a dark place. The erythrocytes were lysed
with BD FACS™ Lysing Solution (BD Biosciences;
USA); the duration of incubation therewith in the
dark at room temperature did not exceed 10-12
minutes. The resulting samples were analyzed in a
Novocyte flow cytometer (ACEA Biosciences; USA).
The surface markers used to determine lymphocyte
subpopulations were as follows: CD45, IgG1, IgG2a,
CD3, CD4, CD25, CDI127, CDI161 (Beckman
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Coulter, USA; BD Biosciences, USA; SONY corp.,
Japan).

Analysis of quantitative indicators of the popu-
lation composition of blood lymphocytes in children
is particularly difficult due to the existence of age
characteristics. To unify the indicators, we previously
carried out a transformation according to the formula,
considering the normative values for different age
groups of the parameters of the main and small
populations of peripheral blood lymphocytes [10]:

Xn = (Xmin-X) / 0,01*(Xmax — Xmin)

X — the value of the studied indicator, Xn — the
value of the indicator normalized by the age norm,
Xmax is the upper limit of the age norm, Xmin is the
lower limit of the age norm.

After the transformation, an array of data was
obtained on all the main indicators of the population
composition of peripheral blood lymphocytes in
children, in which the values of the studied indicators
are presented in uniform conventional units. If the
obtained value of the studied indicator falls into the
range from 0 to 100, then it corresponds to the age
norm. Thus, this allows you to analyze the data without
considering the age characteristics of the dynamics

of the quantitative indicators of the population
composition of blood lymphocytes in children.

We used MS Excel 365 (Microsoft corp.; USA),
Statistica 10 (StatSoft, Inc.; USA) to process the data
obtained. The results are presented as a median (Me)
and quartiles (Qg,5-Q,75). Mann—Whitney U test
and Kruskal—Wallis test with Bonferroni correction
enabled comparison of differences in the attributes.
Spearman’s rank correlation coefficient (R) was used
to assess relations between the attributes. The con-
clusions were considered significant at p < 0.05 (*).

Results and discussion

The absolut cell count and relative amount Th,
T127hi, Treg and Th17 obtained in children on the
1st day of injury, underwent a correlation analysis with
clinical parameters (Table 1). An inverse relationship
between the severity of the injury, the degree of blood
loss and the outcome of the injury according to OISS
was revealed with the absolute number of all analyzed
lymphocyte populations, but for Th and Treg absolut
cell count the most significant correlation was found
(Spearman’s R < -0.70, p < 0.00001) (Table 1,
Figure 1B, C). The similar data have been obtained

TABLE 1. SPEARMAN’S R CORRELATION COEFFICIENT FOR Th, T127hi, Treg AND Th17 ABSOLUTE CELL COUNT AND
PERCENTAGE OF T127hi, Treg AND Th17 AND CLINICAL INDICATORS IN THE 15T DAY OF INJURY IN CHILDREN

Index Factor N Spearman R t(N-2) p-level p-level

Th abs 102 -0.70 -9.76 0.00000 <0.00001
Treg abs 102 -0.71 -10.08 0.00000 <0.00001
Treg %CD4 102 -0.05 -0.52 0.60616

ISS T127hi abs 102 -0.50 -5.80 0.00000 <0.00001
T127hi %CD4 102 0.27 2.85 0.00524 <0.01
Th17 abs 102 -0.59 -7.25 0.00000 < 0.00001
Th17 %CD4 102 0.34 3.57 0.00055 <0.01
Th abs 102 -0.52 -6.12 0.00000 < 0.00001
Treg abs 102 -0.52 -6.06 0.00000 < 0.00001
Treg %CD4 102 -0.03 -0.30 0.76363

oISs T127hi abs 102 -0.47 -5.34 0.00000 < 0.00001
T127hi %CD4 102 0.07 0.73 0.47008
Th17 abs 102 -0.51 -5.92 0.00000 < 0.00001
Th17 %CD4 102 0.18 1.86 0.06590
Th abs 102 -0.54 -6.47 0.00000 < 0.00001
Treg abs 102 -0.52 -6.16 0.00000 <0.00001
Treg %CD4 102 0.09 0.94 0.35031

3:;?:;“5 T127hi abs 102 -0.39 -4.30 0.00004 < 0.00001
T127hi %CD4 102 0.25 2.56 0.01186 <0.05
Th17 abs 102 -0.48 -5.46 0.00000 < 0.00001
Th17 %CD4 102 0.26 2.66 0.00914 <0.01
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in other studies. It has been shown that persistence Using the nonparametric Kruscal-Wallis test with
of lymphopenia shaped by the decreasing level of Th  Bonferroni correction, we compared the differences
in severe injury following trauma is correlated with in Th, T127hi, Treg and Th17 absolut cell count and
severity and is associated with poorer prognosis [7]. the frequency of T127hi, Treg and Th17 in children
The lymphocyte counts decrease immediately after with injury over time in different groups: Control,
trauma in patients compared to the control group [5]. MInj and SInj groups (Table 2, Figure 1A, D-I).

A CD4*Lym B CD4*Lym C Treg
— \ \ Spearman R =-0.70, p < 0.00001 Spearman R =-0.71, p < 0.00001
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Figure 1. Dynamics of Th absolute cell count in the critical period of injury in children (A). Relationship between the Th and
Treg absolute cell count and Injury Severity Score in the 1st day of injury in children (B, C). Absolute cell count dynamics
of T127hi, Treg and Th17 cells in the critical period of injury in children (D-F). The frequency dynamics of T127hi, Treg and
Th17 cells in the critical period of injury in children (G-l)

Note. Me (Qy.5-Qq 75) Min-Max; the significance is represented by letters according to pairwise comparation through the Kruskal-Wallis test
adjusted with Bonferroni correction; comparison groups: Cntr, control group; ISS < 16, MInj group; Sinj group by day after severe injury.
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TABLE 2. DYNAMICS OF Th, T127hi, Treg AND Th17 ABSOLUTE CELL COUNT, PERCENTAGE AND NORMALIZED
ABSOLUTE CELL COUNT IN THE CRITICAL PERIOD OF SEVERE INJURY IN CHILDREN IN COMPARATION WITH CONTROL
GROUP AND MINJ GROUP AND ALSO IN SINJ GROUP DEPENDING DEVELOPMENT OF INFECTIOUS COMPLICATION,
MULTIPLE ORGAN FAILURE DEVELOPMENT AND OUTCOME OF SEVERE INJURY, Me (Q, ,:-Q, 75)

Sinj, day after inju
Factor Control Min;j ), CaY jury
1 3 5 7 14
n 80 34 68 87 35 74 67
886.57 923.50 319.22 446.18 460.40 565.28 720.83
Th abs (752.75- (729.6- (199.63- (302.98- (356.36- (398.96- (562.76-
1094.20) 1076.2) 550.65) 615.83) 642.75) 804.30) 942.50)
71.67 74.02 25.90 36.50 41.76 53.18 72.00
abs (59.37- (58.06- (17.49- (24.08- (26.30- (34.01- (55.90-
105.07) 103.31) 42.23) 56.48) 64.30) 76.50) 84.00)
o 7.83 8.30 8.33 9.20 9.20 9.10 9.90
Treg T; (6.95- (7.58- (7.06- (6.88- (7.92- (7.98- (8.05-
9.29) 10.33) 9.50) 10.72) 10.80) 11.70) 11.80)
abs n 39.50 -112.64 -75.26 -60.96 -28.33 39.04
cu ’ (11.21- (-139.44- (-118.09- (-106.17- (-76.38- (-25.23-
T 101.87) -78.08) -29.15) -3.86) 56.26) 89.81)
-111.55 -73.33 -60.03 -23.33 40.98
MOF N (-148.04- (-117.56- (-93.94- (-69.52- (-25.23-
Treg -80.69) -24.42) -10.00) 58.58) 89.81)
abs n, -125.74 -98.83 -136.17 -73.33 25.82
c. u. Y (-131.87- (-132.77- (-173.36- (-114.58- (-15.69-
-111.79) -66.92) 45.49) 29.48) 67.30)
-102.25 -72.42 -49.03 -28.33 50.00
IC N (-133.34- (-118.62- (-93.94- (-76.38- (-33.37-
Treg -72.87)** -22.39) 22.38)* 56.26) 89.82)
abs n, -144.00 -90.15 -125.58 -26.59 13.77
c.u. Y (-154.27- (-119.48- (-156.43- (-73.52- (-10.80-
-130.84)** -74.18) -90.00)* 32.33) 53.54)
-96.74 -72.42 -58.35 -11.11 44.52
Outcome F (-1 34.04-* (-117.56- (-92.95- (-64.96- (-35.56-
Treg -60.20) -20.00) -23.53) 61.14) 93.02)
abs n, -128.24 -83.03 -78.19 -47.30 36.67
c. u. UF (-141.98- (-119.19- (-128.23- (-90.79- (-8.69-
-102.64)* -48.81) 48.82) 38.83) 89.51)
102.65 99.23 43.04 63.18 76.31 82.85 120.74
abs (70.62- (66.79- (27.03- (44.72- (53.92- (58.26- (81.00-
133.63) 122.26) 75.31) 88.23) 131.67) 127.99) 161.54)
o 9.91 10.90 13.95 14.10 18.10 14.50 15.60
T127hi TF] (7.38- (8.53- (9.25- (10.78- (12.75- (10.95- (11.85-
13.16) 14.62) 18.95) 21.42) 22.90) 20.75) 22.40)
abs n 50.94 -48.26 -17.18 19.50 26.33 104.30
cu ’ (9.10- (-82.90- (-50.30- (-17.53- (-31.68- (3.77-
T 110.44) 0.61) 32.94) 99.38) 110.29) 168.58)
-50.91 -13.60 21.07 33.14 109.43
MOF N (-87.06- (-49.51- (-10.94- (-14.01- (3.77-
T127hi -0.40) 50.94) 96.17) 113.31)** 168.58)
abs n, -62.91 -29.20 -68.42 -32.92 88.55
c. u. Y (-76.57- (-71.00- (-81.58- (-84.10- (2.59-
-41.56) -1.14) 99.39) -24.51)** 174.04)
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Tabnuya 2 (okoH4YaHue)
Table 2 (continued)

Sinj, day after inju
Factor Control Minj ), 79Y jury
1 3 5 7 14
n 80 34 68 87 35 74 67

-51.42 -12.46 24.21 32.94 109.43
IC N (-81.05- (-48.45- (-7.08- (-17.76- (2.69-
T127hi -0.96) 35.73) 99.39)* 120.00) 168.58)
abs n, -70.16 -32.68 -49.77 -26.75 41.75
c.u. Y (-111.08- (-84.91- (-96.77- (-40.80- (22.13-
-25.12) 0.45) -10.33)* 11.57) 195.53)

-37.16 -24.67 16.54 33.14 114.22
Outcome F (-85.65- (-58.74- (-10.94- (-0.81- (17.55-
T127hi 26.00) 15.63) 80.44) 131.02)* 168.66)
abs n, -60.70 -1.89 19.50 -4.26 82.76
c.u. UF (-87.85- (-47.12- (-68.42- (-44.96- (-10.91-
-24.76) 43.47) 99.39) 58.67)* 166.05)

144.36 128.61 69.31 91.15 95.62 109.37 144.92
abs (116.90- (103.20- (47.03- (66.29- (70.50- (67.36- (111.13-
166.04) 178.35) 95.12) 126.83) 133.57) 141.61) 196.72)

by 15.30 14.90 22.90 22.75 22.50 19.30 19.50
Th17 T; (12.40- (11.65- (15.93- (16.68- (13.60- (13.20- (14.90-
18.80) 19.78) 29.90) 28.52) 26.35) 24.38) 24.55)

abs n 17.20 -160.14 -93.31 -88.23 -53.08 28.32
ou ’ (-60.85- (-211.16- (-149.53- (-152.06- (-146.56- (-53.72-
T 99.92) -101.13) -23.86) -11.65) 21.43) 128.90)

-160.38 -81.08 -60.26 -45.45 38.74
MOF N (-211.41- (-144.59- (-121.19- (-139.56- (-43.19-
Th17 -101.89) -18.00)* -4.21)** 22.21)* 147.54)
abs n, -156.14 -170.82 -277.79 -137.74 -6.65
c.u. Y (-181.26- (-232.67- (-325.00- (-237.73- (-58.13-
-136.85) -101.43)* -215.66)** -67.58)* 44.37)

-153.46 -90.47 -64.95 -46.31 19.50
IC N (-197.67- (-148.16- (-121.43- (-132.29- (-60.09-
Th17 -99.62) -18.62) -1.95)* 21.43) 126.42)
abs n, -202.25 -128.30 -152.06 -141.99 43.14
c. u. Y (-259.88- (-158.49- (-204.08- (-153.13- (-16.14-
-167.77) -38.85) -124.06)* -66.07) 137.67)

-163.97 -96.94 -45.71 -24.06 24.61
Outcome F (-213.25- (-149.53- (-119.09- (-113.70- (-45.15-
Th17 -80.74) -25.18) 6.48) 23.74) 119.70)
abs n, -157.40 -81.08 -116.70 -112.23 28.32
c.u. UF (-204.81- (-148.16- (-219.45- (-153.72- (-56.18-
-139.29) -22.73) -45.28) -7.99) 147.17)

Note. Mann-Whitney U test; *, p < 0,05; **, p < 0,01; comparison groups: MOF group (N — no, Y — yes); IC, infectious complication
(N =no,Y-yes); Outcome (F — favorable outcome, UF — unfavorable outcome); c. u., conventional units.

For SInj group, a pronounced decrease of Th, Treg,
T127hi and Th17 absolute cell count, in the acute
post-traumatic period with an increase to 14 days was
revealed. The values of in the first day for indicators of
patients with MInj correspond to the values of control
group and significantly differ from patients with SInj
in the 1-7th day for Th17 and Treg, for T127hiin the
1-34 day after the injury (Figure 1A, D-F).

There are different kinetics of the percentage Th
subpopulations in peripheral blood of children with
severe injuries. The percentage of Th17 and T127hi
significant increse in 1%-34¢ and 3¢-7" days after injury
respectively in comparation with Control and MInj
group (Figure 1H, I). Zhang et al. demonstrated
that the level of Th17 showed increased initially and
then decreased in patients with thoracic trauma.
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The frequency of Thl7 was significantly increased
in traumatic patients compared to healthy controls
on the day after admission [12]. At the same time, in
our study there were no differences between groups
in terms of the percentage of Treg cells (Figure 1G).
In contrast, it has been demonsrated the percentage
of Treg cells in the peripheral blood was higher in
patients with thoracic trauma compared with that of
healthy group [12].

Using the nonparametric Mann—Whitney test,
we compared the differences in normalized absolut
cell count Treg (Tregn), T127hi (T127hin) and Th17
(Th17n) in children with severe injury over time in
different groups: with and without MOEF, with and
without IC and outcome groups (Table 2). Patients
with MOF had significantly lower median values of
analised parmetrs within 1%-7" days after admission
to the ICU than patients without MOF. Significant
differences in Th17n and T127hin level were found
in MOF groups from 3™ to 7" day and in 7" day
respectively. Only one previous study has examined
significant decreases in the number of lymphocytes
between MOF and non-MOF groups appear after day
2 [5].

Despite improvements in prognosis and survival,
there is a lack of validated diagnostic tools for post-
traumatic complications. In a retrospective study
involving 188 patients after severely injured trauma
the immunoregulatory index, in the polytrauma
patients with purulent-inflammatory complications,
was lower than in the patients without purulent-
inflammatory complications due to the reduced
values of Th [7]. In our study the levels of Tregn in 1%
and 5" day and Th17n, T127hin in 5% day after injury
differed significantly in groups without and with IC:
patients from the latter group had it considerably
lower. Study on trauma patients admitted to the ICU
ward have identified increased Th17 cells and serum
IL-17 levels during the first week after admission,
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