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deaepaAbHOro MeAUKO-6GUOAOrMHECKOro areHTCTBA, Poccuickas Pesepaums

The study revealed several changes in the immunological parameters in 70 children aged 5-12 years with CH compli-
cated by SP. A decrease in the number of CD3-, CD4-, CD16-lymphocytes and indicators of phagocytosis was noted with
an increase in the number of CD19-lymphocytes and serum immunoglobulins. To correct the above disorders in 35 chil-
dren, the method of the intraoperative correction of immune response was used, which consisted of a single injection of
a bolus of Imunofan (Bionoks, Russian Federation) under the capsule at the final stage of laparoscopic intervention under
the capsule in the region of the lower pole of the kidney. All patients were discharged from the hospital in a satisfactory con-
dition in the stage of partial clinical and laboratory remission of SP. Patients were examined three months after treatment.
Compared with the indicators at admission, the examination showed a significant normalization of the absolute number of
NK-cells (p<0.0001) and B-lymphocytes (p=0.0229); absolute (p=0.0227) and relative number (p=0.0192) of T-lympho-
cytes; cells with helper functions (p=0.0026; p=0.0132) and T-suppressors (p=0.0996). High levels of serum immunoglo-
bulins decreased with a simultaneous increase in the phagocytic activity of neutrophils (p=0.0001). Thus, the intraopera-
tive correction of immune response by Imunofan in the complex treatment of children with CH complicated by SP provides
an improvement in the immediate and long-term results of treatment.

Keywords: congenital hydronephrosis, secondary pyelonephritis, surgical treatment, immune response, children

B nccnenoBaHun BbISIBAEHbI COBUMM MMMYHONIOrM4yecknx nokasateneint y 70 getein 5-12 net ¢ BPOXAEHHBIM rMapo-
Hedpo3om (BI), ocnoxHeHHbIM BTOpPU4YHbIM nuenoHedputom (BI1). OTmedeHo cHuxeHune konudectBa CD3-, CD4-,
CD16-numdounTtoB 1 nokasatenen parountosa npu nosbiweHnn konmyectesa CD19-n1MMdoumToB U CbIBOPOTOYHBIX UM-
MYHOrN06ynnHoB. s KOpPeKLMM BbllLeHa3BaHHbIX HapyLieHnii y 35 aeTein NCnonb30BaH METO MHTPaonepaLnoHHON M-
MYHOKOPPEKLMM, 3aKN0YAIOLLMNCS B OA4HOKPATHOM BBEAEHUN Ha 3aBEpPLUAIOLLEM 3Tare N1anapoCcKonMYeckoro BMeLlaTesb-
CTBa MNOA, Kancyny B paioHe HUXHEro nosoca noykun 6ontoca npenaparta MimyHodaH (BruoHokce, Poccuiickas depepauns).
Bce 60nbHble GblNK BbIMMCAHbI U3 CTauMoHapa B YAOBNETBOPUTENIbHOM COCTOSIHUM B CTaAMN YaCcTUYHOW KIMHMKO-nabopa-
TopHoOI pemuccum BI. Yepes 3 mecsaua nocne nedeHns 6onbHble Obinin 06cnenoBaHbl. [10 cpaBHEHMIO C NokasaTensaMu npu
MOCTYMJIEHNM Y NALMEHTOB OTMeYaniacb OOCTOBepHas Hopmanmadauus abcontoTHoro konndectea NK-knetok (p<0,0001) n
B-numooumTtos (p=0,0229); abcontoTHoro (p=0,0227) n oTHocuTensHoro yncna (p=0,0192) T-nMmdpounToB; KNEeTOK C XeJs-
nepHbiMn pyHkumamm (p=0,0026; p=0,0132) n T-cynpeccopos (p=0,0996). CH1nxanmcb BbICOKME NOKasaTen CbiIBOPOTOY-
HbIX UMMYHOTI00Y/IMHOB C OQHOBPEMEHHbLIM MOBLILLEHNEM (ParoUUTapHO akTUBHOCTU HeilTpodunos (p=0,0001). Takum
06pa3omM, NPOBEAEHME NHTPAONEPALNOHHON MMMYHOKOppekunn MIMyHodaHOM B KOMMAEKCHOM nedeHun aeteii ¢ Bl oc-
NOXHeHHbIM B, o6ecneymBaeT ynyylleHne HENOCPEACTBEHHbIX U OTAANEHHbIX PE3Y/bTaTOB e4eHuns.

KnroyeBsbie cioBa: BpO)K,quHblﬁ I'l/lﬂpOHeqprS, oriepatnBHoe Jyie4eHne, BTOpI/l'-IHbII7I I'll/leflOHe(bpMT, NMMYHOKOPPpeKkuuns,
aetu
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CD - cluster of differentiation
CH - congenital hydronephrosis
IRI - immunoregulatory index

NK - natural killers
PAN - phagocytic activity of neutrophils
SP - secondary pyelonephritis

common pediatric urinary system pathology

[1-3], which is often complicated by secon-
dary pyelonephritis (SP) [4—7]. The severity of con-
genital obstructive uropathy is influenced by many
factors, some of which are dilation of the collecting
ducts and distal tubules and local ischemia [8—-11],
as well as immunopathological processes [12, 13].
The latter occurs primarily against the background
of high virulence of uropathogens [14, 15]. Sever-
al immunocorrection methods have been proposed
by researchers, and some of them have appeared
to be quite effective [16]. However, we consider
intraoperative correction of immune response the
most advantageous method for its higher selectivity
[17-19] and the ability to enhance antibacterial and
other treatments administered [20-24].

The aim of this study was to provide evidence for the
use of the intraoperative correction of immune response
as a part of comprehensive treatment for CH with SP in
children.

Material and Methods. An open-label controlled
prospective comparative single-center study was car-
ried out at Kirov Region Children’s Hospital and the De-
partment of Pediatric Surgery of the Kirov State Medical
University. Immunology research was carried out in the
immunohematology laboratory of the Kirov Research In-
stitute of Hematology and Blood Transfusion. We studied
70 children aged 5-12 years (Me=6.9) with CH and SP
(the observation group), 39 boys (55.7 %), and 31 girls.
All the children underwent clinical, biochemical, bacteri-
ological, instrumental and immunological examinations.
To reveal changes in the patients’ immunological profile,
the ratio of CD3-, CD4-, CD8-, CD16-, and CD19-lym-
phocytes was determined both upon admission to the
hospital and three months after inpatient treatment. The
immunoregulatory index (IRl) was estimated using the
formula: IRI=CD4/CD8. The concentrations of serum
immunoglobulins IgG, IgA and IgM were determined
by radial immunodiffusion. The phagocytic activity of
neutrophils (PAN) was assessed by the absorption of
0.1-um latex particles (%). The patients’ immunological
indicators were compared with those of 300 children of
the same age belonging to health status groups I and Il
(the control group). In the observation group, 35 patients
(Group 1) received comprehensive conventional treat-
ment; the other 35 patients (Group 2) received complete
traditional therapy combined with Imunofan (Arginyl-
Alpha-Aspartyl-Lysyl-Valyl-Thyrosyl-Argininum) bolus
injection (Bionoks, Russian Federation). After the main
stage of surgical treatment of CH (Anderson-Hines type
video laparoscopic surgery [17]), a daily dose of 0.005 %
Imunofan solution at a dosage of 0.1 ml per year of life
was injected under the kidney capsule using a special

Congenital hydronephrosis (CH) is the most
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technique [14] (Fig. 1). No further immunotropic treat-
ment was carried out.

Fig. 1. The scheme of intraoperative injection
of an immunotropic drug in kidney surgery: 1 — the kidney,
2 — the lower pole of the kidney, 3 — the needle,
4 — the bolus of the injected medication

Statistical data analysis includes descriptive analysis
and inferential statistics. Immunogram values are rep-
resented quantitatively and qualitatively. The number of
cells per 1 pl (cells/ul) or the number of cells x 10° per
1 liter are examples of absolute quantity values. We used
the Shapiro — Wilk test as our numerical means of as-
sessing the normality of the quantitative data.

The test showed that most quantitative data were dis-
tributed close to normal. At the same time, part of the
quantitative data had a distribution other than normal,
making it possible to use the median (Me) and quartiles
[Q1; Q3], and for data analysis — non-parametric me-
thods. Qualitative data are presented as relative values
(P, %) and 95 % confidence intervals for relative values
(95 % ClI). 95 % confidence intervals were calculated
using the Wilson method. The assessment of the statis-
tical significance of differences in related (dependent)
quantitative data was performed using the Wilcoxon test.
The evaluation of the statistical significance of diffe-
rences in independent sample quantitative data was per-
formed using the Mann — Whitney test. Characterization
of the statistical significance of differences in quantita-
tive data is presented depending on the selected crite-
rion: the value of the Wilcoxon test (T), the value of the
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Mann — Whitney test (U), and the level of statistical sig-
nificance (p).

The assessment of the statistical significance of dif-
ferences in independent qualitative data (indicators of
the immunogram, represented by relative values three
months after the treatment in the observation group and
the control group) was performed using the Chi-square
test (y2) adjusted for Yates continuity. The frequencies in
the cells of four-field tables when calculating these crite-
ria were represented by the number of cells per 1 ml. The
value p<0.05 was chosen as the critical level of statistical
significance of differences (p). Statistical processing was
performed in MS Excel 10.0 (Microsoft, USA) and SPSS
Statistics 22 (IBM, USA)

Results and Discussion. All patients with CH and SP
admitted to the clinic for inpatient treatment were exa-
mined, including immunological examination. An ana-
lysis of the results of their immunograms showed that
various shifts in immunological parameters characterize

tal in satisfactory condition with partial clinical and la-
boratory remission of SP. After that, the patients were
under the supervision of both a pediatric surgeon and
a pediatrician (a pediatric nephrologist). Three months
later, at the stage of complete clinical and laborato-
ry remission of CH, the children’s immunogram was
retaken. The immunogram showed (Table 2) that the
values of the absolute number of NK-cells (p<0.0001)
and B-lymphocytes (p=0.0229), the absolute (p=0.0227)
and relative number (p=0.0192) of T-lymphocytes, T-hel-
pers (p=0.0026; p=0.0132) and T-suppressors (absolute
number, p=0.0996) became close to the normal range.
Elevated serum immunoglobulin levels were observed to
decrease; phagocytic activity of neutrophils was found
to increase (p=0.0001).

Table 2
Immunological indicators in group 2 patients
3 months after the surgery

children of this category: a decrease in the absolute and P-value
relative number of CD4-lymphocytes and, as a result, ; ) _ in nor-
IRI; reduction in the number of natural killers; excess of Indicators | Me Min Max | Qi=Qs mal dis-
B-lymphocytes and immunoglobulins in blood serum; tribution
decrease in phagocytosis rates (Table 1) compared with |CD16 10.000 | 2.000 | 18.700 | 7.500- | 0.3514
healthy children. cells, % 11.000
CD16 0.323 | 0.0500 | 0.530 | 0.130- |<0.0001
Table 1 cells, abs. 0.470
Immunological indicators in healthy children and in patients CD19 12.650 | 7.000 | 16.000 | 10.000- | 0.2483
with CH and SP upon admission to the hospital cells, % 14.300
Healthy PaFients upon CD19 0.375 | 0.0900 | 0.620 | 0.160- | 0.0229
Indicators children, n=300 t ttl,r:e'; adr]'yslsmrlm cells, abs. 0.500
(M£m) o the f,lsi" al, n= CD3 77.500 | 64.700 | 84.000 | 75.200- | 0.0227
- (M£m) cells, % 81.000
CD3 cells, 107/I 1.04+0.07 1.24+0.04* cD3 1.625 0.600 3.570 1.230- | 0.0192
CD3 cells, % 64.1+£1.25 62. 48 +£0.44 cells, abs. 3.090
CD4 cells, 10%/I 0.59+0.02 0.52+0.02* CD4 50.400 | 38.700 | 57.000 | 42.400- | 0.0026
CD4 cells, % 49.20%1.32 43.61%0.29* cells, % 54.000
CDS8 cells, 109/ 0.30+0.023 0.29+0.03 CDh4 1.180 0.390 1.880 0.720- | 0.0132
cells, abs. 1.600
CD8 cells, % 25.1+0.9 25.55+0.32 o8 5950 18500 | 36.000 31.000- | 05032
IRI 2.0+0.09 1.81+0.04* cells, % ' ' ' 37.400 )
CD16 cells, % 18.2+1.95 5.69+0.94* cells, abs. 0.710
CD19 cells, 10%/I 0.17+£0.02 0.43%£0.02%* IgM, g/l 1.685 | 0.680 | 2.350 | 0.860- | 0.2443
CD19 cells, % 9.90+0.77 17.30£0.37% 1.800
.10%0. .51+0.05* '
19 A, g/l 1.10£0.05 1.51£0.05 1gG, g/l | 10.665 | 4.410 | 24.300 | 8.800- | 0.0774
Ig M, g/l 1.17+0.05 1.85+0.10% 13.080
PAN, % 69.17+1.24 52.86+0.65* Lympho- | 33.050 | 12.000 | 57.600 | 22.000- | 0.7401
* p<0,05 — compared with healthy children. cytes, % 40.000
Lympho- | 2.670 | 0.800 | 4.780 | 1.900- | 0.0061
A comparative analysis of the observation and con- | cytes, abs. 3.960
trol groups by age and sex characteristics did not reveal |Leuco- 9.250 | 4.020 | 13.200 | 5.700- | 0.3645
any statistically significant differences between the two | cytes, abs. 10.300
groups (U=1955.0, p=0.84; ¥*>=0.11: df=1, p=0.75). To [IRI 2.100 | 1.100 | 3.000 | 1.600- | 0.1415
minimize the severity of CH clinical manifestations and 2.620
reduce the recurrence risk of the disease, intraoperative | pan, % 68.500 | 33.000 | 75.000 | 62.000- | 0.0001
correction of immune response by Imunofan was used 72.000

as a part of the comprehensive treatment of group 2 pa-
tients (35 patients). The Imunofan was used according
to a special permit protocol of local ethics committee.
Parental consent was obtained in each case. A medical
institution purchased the medication by decision of me-
dical consultation. Group 1 was formed in parallel; treat-
ed without the use of intraoperative immunocorrection
(also 35 patients).

In all the cases, no postoperative complications were
noted. All the patients were discharged from the hospi-

Comparison of independent samples according to the
Mann — Whitney test for a part of quantitative data with a
distribution other than usual when using non-parametric
methods showed (Table 3) that the above trends are pri-
marily characteristic of a decrease in the excess number
of B-lymphocytes when using intraoperative correction of
immune response by Imunofan, anincrease of the reduced
number of T-lymphocytes (absolute and relative numbers)
and cells with helper functions (relative number).
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Table 3
Comparison of group 2 patients’ samples upon their
admission to the hospital and 3 months after
the treatment (according to the Mann — Whitney U-test)

Upon admission to|After the immuno-

) the hospital correction
Indicators Average Average P
Me rank Me rank
CD19 cells, % [17.0000|78.6893|12.6500|56.9512|0.0047
CD19 cells, abs.| 0.4100 |76.8010| 0.3750 |57.5000|0.0126
CD3 cells, % [61.7000|65.2864|77.5000(89.2875|0.0019
CD3 cells, abs. | 1.2700 |62.6553| 1.6250 |88.2206|0.0011
CD4 cells, % |50.4000|65.0825(48.0000|80.8676|0.0440
CD8 cells, % |25.9500|68.4029(25.0000{70.8088| 0.7591
IgM, g/ 1.7000 (70.0583| 1.7000 |75.3077| 0.4970
IgA, g/l 1.3000 (71.9417| 1.3000 |72.1500| 0.9785
IgG, g/l 11.0000(70.9461|11.0000|72.9125| 0.7977
IRI 1.8000 (69.7767| 1.7000 |79.3415| 0.2135
PAN, % 49.0000|38.9863|55.0000(52.3333| 0.1707

Calculations have shown that changes in the men-
tioned above immunological indicators are the most sen-
sitive and specific ones in laboratory investigation for CH
and SP in children (Fig. 2).

100

80 |-

— CD19 %
— CD19 s
CD3 %
- CD3 s
~ CD4 %
CD8 %

40 —

20

20 40 60 80 100
specificity
Fig. 2. Sensitivity and specificity of detection of the most important
immunological markers in CH and SP in children

Comparative studies of the immunological para-
meters of group 1 and group 2 after treatment (three
months after hospital discharge) showed that in patients
with CH and SP, with intraoperative correction of immune
response by Imunofan included in complex treatment,
almost all initially impaired indicators of the body’s im-
munological resistance returned to normal, which can-
not be said about patients treated without the use of this
immunotropic method (Table 4).

A slight interest decrease in immunological and im-
munotherapeutic issues, which was outlined in the pro-

fessional community by the end of the pre-pandemic
period, did a disservice to domestic medicine. The coro-
navirus pandemic has turned the world’s attention to the
immune system showing that immune responses contri-
bute to the development of many common disorders not
traditionally viewed as immunologic. Applying knowledge
of our body’s immune responses in our everyday practice
is essential to future diagnosis and successful manage-
ment of various diseases, including child diseases [3, 9].
The following changes in immunologic reactivity gener-
ally accompany CH and SP: decrease in cellular immune
response and phagocytosis, increase in humoral immune
response and nonspecific resistance, and an abnormal
helper/suppressor ratio. These are the problems requi-
ring comprehensive treatment in cases of CH and SP.

Table 4
Immunological indicators of group 1 and group 2
(3 months after hospital discharge)

Indicators Group 1 (M*m) | Group 2 (M*m)
CD3 cells, 1091 1.33+0.04 3.54+£0.07*
CD3 cells, % 73.94+0.49 72.4+2.92
CD4 cells, 10%/I 0.70+0.03 0.88+0.08
CD4 cells, % 45.75+0.62 46.6+2.0%*
CDS8 cells, 10%/I 0.50+0.03 0.36+0.085
CD8 cells, % 27.57+0.62 34.8+1.76
CD4/CD8 (IRI) 1.92+0.17 2.18+0.135%*
CD16 cells, 109/I 0.39+0.03 0.41+0.07
CD16 cells, % 15.43+0.86 15+1.7
CD19 cells, 109/I 0.40+0.02 0.25+0.03
CD19 cells, % 15.34+0.45 0.89+0.77
19G, g/ 18.87+0.27 11.4+3.7%
IgA, g/l 1.53+0.09 1.1+£0.06
IgM, g/l 1.85+0.20 1.36+0.07
PAN, % 54.40+1.24 64.6+4.38%

* p<0,05 - compared with Group 1.

In addition, we conducted a catamnesis study in
all patients within one year after inpatient treatment.
Group 1 — 3 patients had CH exacerbations (1, 2, and
8 months after the surgery). Group 2 patients had
no disease exacerbations. Thus, the results of the
catamnesis show encouraging findings for intraoperative
immunocorrection in children with CH.

Conclusions. The inclusion of intraoperative cor-
rection of immune response by Imunofan in the complex
treatment of CH and SP in sick children led to the most
significant following results: normalization of the absolute
number of natural killer and B-lymphocytes, the absolute
and relative number of T-lymphocytes, cells with helper
functions and T-suppressors (total quantity), a decrease
(without expressed reliability) in excess levels of serum
immunoglobulins, an increase in reduced indicators of
the phagocytic link of nonspecific resistance, which is
partly confirmed by studies by other authors [8, 22-24].
The uncertainties of this study may be related to the rela-
tively small size of the observation group, the lack of ran-
domization, and the lack of preliminary calculation of the
number of observations in the formation of samples.
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