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PREDICTION OF PROLONGED COURSE
OF INFECTIOUS MONONUCLEOSIS IN CHILDREN ON
THE BASIS OF STRUCTURAL ORGANIZATION
OF LYMPHOCYTES OF BLOOD

Kolesnyk Yana

Obijectives. The article presents the results of research on the definition of criteria for predicting the
adverse course of infectious mononucleosis (IM) in children on the basis of the structural organization of
lymphocytes of blood.

Materials and methods. There were 68 children aged three to fifteen years suffering from IM under
supervision. The diagnosis of IM was verified by PCR (detection of EBV DNA in the blood) and ELISA
(anti-EBV Ig M and Ig G). The biophysical organization of the cytoplasmic membrane of lymphocytes was
determined by the method of electron paramagnetic resonance (EPR) of spin probes using the method of
additional broadening at microwave parameters 9.39 gHz, amplitude of high-frequency modulation 1 gauge,
magnetic field scan time 200 sec, time constants 0.1 milliseconds (ms). Microviscosity of the intracellular
environment of lymphocytes was determined by the mobility parameter of a water-soluble probe (nickel
ferricyanide), which easily penetrates into the cytoplasm and in combination with extracellular paramagnetic
ions, allows to evaluate the microviscosity of intracellular contents inrelative units (r.u.).

Results. According to the results of observations, it is established that at the stages of manifestation of the
disease there are pronounced violations of the biophysical organization of the structure of lymphocytes in the
form of a decrease of viscosity and elastic properties of intracellular content and cytoplasmic membrane of
lymphocytes. It was characterized by the fact that the average values of the penetration rate of the electron
paramagnetic resonance of the spin probe (PR EPR s.p) in patients of both groups were significantly higher
than the normative ones. In the group with smooth course, they exceeded the norm by 1.5 times, and in
patients with prolonged course by 1.8 times, and the values of the microviscosity of intracellular contents
(MIC) were significantly reduced compared to the control — by 22.1 % in patients with a smooth course of the
disease and 25.1 % — with a prolonged course of IM.

Conclusions. In patients with prolonged course of IM these disorders were more pronounced than in the
smooth course of the disease. In the period of convalescence, the indicators of the biophysical organization of
the structure of lymphocytes of patients with a smooth course of IM did not differ from the norm, and in
patients with a prolonged course of the disease, their reliable deviation was revealed.
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manifestations of the disease are sufficiently

INTRODUCTION covered [1,2,3]. However, data on early

The relevance of the problem of infectious diagnosis of infectious mononucleosis are
mononucleosis (IM) is determined by the controversial [4, 5]. Late diagnosis of active
high level of infection of the pediatric forms of EBV infection, and therefore
population with Epstein-Barr virus (EBV), untimely treatment, can lead to uncontrolled
the possibility of developing an unfavorable proliferation of B-lymphocytes, which is a
course of the disease and the formation, in causal factor in the malignancy of WEB-
some cases, of prolonged immunosuppression infected cells with the development of
with deficiency of T-cell and phagocytic lymphoproliferative diseases [6].
immunity. It is known that the development and

In the available literature, the issues of course of infectious pathology depends on
etiology,  pathogenesis, and  clinical the structural and functional state of
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lymphocytes [7]. Among the structural and
functional systems of the cell, the
cytoplasmic membrane, which provides the
cell barrier, ion transport, electrical
excitability, intercellular communication,
intracellular information transfer, plays an
important role [8]. Biological membranes are
the first to respond to exterior to the cell
effects and modification of their structure and
properties often underlies the violation of the
normal life of the cell, and, as a consequence,
in the development of many pathologies,
including cancer [9]. Therefore, the study of
the structural organization of blood
lymphocytes can be a source of development
of new ways of diagnosis of variants of the
course of various diseases, including IM.

OBJECTIVE

Prediction of prolonged course of
infectious mononucleosis in children on the
basis of structural organization of
lymphocytes of blood.

MATERIALS AND METHODS

There were 68 children aged three to
fifteen years suffering from IM under
supervision. Of the 68 sick children, 56
(82,4 %) had a moderate form of the
disease, and 12 (17,6 %) had a severe form.
The severity of the disease was established
on the basis of clinical manifestations of the
disease and the extent of changes in
laboratory tests and instrumental data. All
children underwent a standard clinical and
laboratory-instrumental examination. The
diagnosis of IM was verified by PCR
(detection of EBV DNA in the blood) and
ELISA (anti-EBV Ig M and Ig G). In 59
children (86,8 %), the IM proceeded acutely,
smoothly (first group), in 9 (13,2 %) it was
unfavorable (prolonged course) - the second
group. The groups were compared by age,
gender, disease severity and other
parameters. All children received treatment
according to approved protocols (Order of
the Ministry of Health of Ukraine No. 354
of 09.07.2004). The biophysical
organization of the cytoplasmic membrane
of lymphocytes was determined by the
method of electron paramagnetic resonance
(EPR) of spin probes using the method of
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additional  broadening at microwave
parameters 9.39 gHz, amplitude of high-
frequency modulation 1 gauge, magnetic
field scan time 200 sec, time constants 0.1
milliseconds (ms). Microviscosity of the
intracellular environment of lymphocytes
was determined by the mobility parameter
of a water-soluble probe (nickel
ferricyanide), which easily penetrates into
the cytoplasm and in combination with
extracellular paramagnetic ions, allows to
evaluate the microviscosity of intracellular
contents inrelative units (r.u.).

The results of similar studies of
postgraduate students of the Department of
Department of  Children's Infectious
Diseases of Kharkiv National Medical
University were taken as a control group
(Anenkova I. Yu., 2011).

The  mathematical and  statistical
processing of the obtained data was carried
out using the standard package of the
program «Statistica».

When processing the results of the
study, we calculated the arithmetic mean of
the series (M), the mean square deviation
(o), the error of the arithmetic mean of the
series (m). The probability of differences
between the averages was determined using
the Student's t test (t), and the relationship
between the obtained parameters was
estimated on the basis of the correlation
coefficient (r) and the error probability (p).

RESULTS AND DISCUSSION

The study of the structural and
functional state of the cytoplasmic
membrane of lymphocytes showed that the
average values of the penetration rate of the
electron paramagnetic resonance of the spin
probe (PR EPR s.p) in patients of both
groups were significantly higher than the
normative ones. In the group with smooth
course they exceeded the norm by 1.5 times
(p <0.001), and in patients with prolonged
course by 1/8 times (p <0.001). Highly
significant differences were also found
between groups of patients. In this case, the
value of the PR EPR s.p. in patients with
prolonged course by 15.8 % (p < 0.001)
exceeded those in patients with smooth
course of IM (tab. 1).
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Table 1
Distribution of patients in groups according to the values of structural and
functional state of lymphocytes
Indicators Grades of the Smooth course Prolonged course
indicator n=237 n=31 P
abs % abs %
<0,37 8 21,6 0 0 < 0,001
PR EPR 0,38-0,39 23 62,1 10 32,3 < 0,001
S.p.,r.u. 0,40-0,47 6 16,2 13 41,9 < 0,001
> 0,48 0 0 8 25,8 < 0,001
M+m 0,38 £ 0,01 *** 0,44 + 0,01 1%*%*;°0°
Control, n = 23 0,25+ 0,011
<1,70 1 2,7 19 61,3 < 0,001
MIC, r.u. 1,71-1,80 20 54,1 11 35,5 > 0,05
>1,81 16 43,2 1 3,2 < 0,05
M=+m 1,80 + 0,05%** 1,64 + 0,05%**;00°
Control, n =23 2,31+0,12
Notes:

*** _ p < 0,001 in comparison with the control group;
°°° —p < 0,001 in comparison with the smooth course.

It should be noted that the value of the PR
EPR s.p. <0.37 e.p. were specific to patients
with a smooth course of IM, as they were
diagnosed only among them (21.6 %) and did
not occur in the alternative group (0%; p
<0.001). Interval 0.38-0.39 r.u. was found to be
specific for patients with a smooth disease
course, as it was 1,9 times more frequent (p
<0.001) among them (62.1%) than among
patients with a prolonged course (32.3 %).
Conversely, higher values of the index (0.40-
0.47 e.p.) were found to be specific for patients
with prolonged course of IM, as 2.6 times more
often (p <0.001) were determined in this group
(in 41.9 %) than among patients with a smooth
disease course (16.2 %). And very high values of
the index (> 0.48 e.p.) were determined specific
for patients with prolonged course, as they were
detected in 25.8 % of them and did not occur in
the alternative group (0 %; p < 0.001).

With regard to the indicator of microviscosity
of the intracellular content (MIC) (see tab. 1), its
values were significantly reduced compared with
the control — by 22.1% (p <0.001) in patients
with a smooth course of the disease and by 25.
1% (p <0.001) with prolonged course of IM. In
addition, in patients with prolonged disease, the
values on 9 % (p < 0.001) were lower than in the
group with a smooth course of disease.
Therefore, the interval of the indicator < 1.70 r.u.

35

appeared relatively specific for patients with
prolonged disease and was determined 23 times
more often (p < 0.001) in them (61.3 %) than in
the group with smooth disease (2.7 %). The
index range is 1.71-1.80 ppm. was nonspecific,
as it was diagnosed in approximately equal (p >
0.05) the proportion of patients in both groups,
and the interval > 1.81 r.u. was characteristic of
patients with a smooth course of IM, as it was
found in 43.2% of them and 14 times less
(3.2 %; p < 0.001) in the alternative group.

Therefore, in patients of both groups
violations of the biophysical organization of the
structure of lymphocytes in the form of reduction
of their viscosity and elastic properties were
established. In patients with prolonged disease,
these disorders are more pronounced. The latter
allows us to use them to predict the character of
the course of IM.

The study of the structural and functional
state of the lymphocytes in the period of early
convalescence showed that the average values of
the PR EPR s.p. at patients with smooth disease
did not differ from the norm, and in the group
with prolonged course of IM 1.5 times (p
<0.001) exceeded the norm. In addition, in the
group with a prolonged course of the disease
compared with the smooth course of the disease,
the value of PR EPR s.p. 52 % were higher (p <
0.001) (tab. 2).




Journal of V. N. Karazin” KhNU. 2019

Table 2
Distribution of patients in groups according to the values of structural
and functional state of lymphocytes (an early convalescence period)
Indicators Grades of the Smooth course n=37 Prolonged course n=31 P
indicator .y % a0s. %
PR EPR <0,20 11 29,7 0 0 < 0,001
S.p.,r.u. 0,21-0,31 21 56,8 3 9,7 < 0,001
0,32-0,40 5 13,5 19 61,3 < 0,001
> 0,41 0 0 9 29,0 < 0,001
M=+m 0,25+0,01 0,38 £ 0,01 1%***;00°
Control, n =23 0,25+ 0,011
MIC, <1,79 2 5,4 21 67,7 < 0,001
r.u. 1,80-2,0 3 8,1 10 32,3 > 0,05
> 2,01 32 86,5 0 0 < 0,001
M=+m 2,430 + 0,04*** 1,78 & 0,02%*%*;°0°°
KonTtpomns, n = 23 2,31+0,12

Notes:

*** _ p < 0,001 in comparison with the control group;
°°° —p < 0,001 in comparison with the smooth course.

It should be noted that the value of the PR
EPR s.p. <0.20 r.u. were specific to patients
with a smooth course of IM, as they were
determined in 29.7 % of them and were not
detected in the alternative group (0%; p
< 0.001). The index range is 0.21-0.31 r.u. was
relatively specific for patients with a smooth
disease, as it was diagnosed in 56.8 % of them
and only 9.7 % (p <0.001) in the group with
prolonged course. The interval 0.32-0.40 was
relatively specific for patients with prolonged
course of IM and was 4.5 times more frequent
(p<0.001) in them than in the group with
smooth course of the disease, very high values
of the index (> 0.41 r.u.) were determined to be
specific for patients with prolonged disease, as
they were found only among them (29 %;
p <0.001).

With regard to the average values of MIC, in
patients with a smooth course of the disease in
the period of early convalescence they did not
differ from the norm (p > 0.05), and in patients
with prolonged course of IM they were lower
(by 23%; p <0.001) than normative. In
addition, in patients with prolonged course, the
values of the indicator were significantly lower
(27 %; p <0.001) than in patients with smooth
disease. Therefore, the index range is < 1.79 r.u.
12.5 times more often (p < 0.001) was found in
the group with a prolonged course of the
disease, and a slight decrease or normative
(>2.01 r.u.) its value became specific for
patients with a smooth course, as it was
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diagnosed only among them (in 86.5 %) and
was not determined in the alternative group
(0%; p <0.001).

Thus, in the period of convalescence, a
greater proportion of patients with a smooth
course of IM showed a normalization of the
biophysical organization of the structure of
lymphocytes, and in patients with a prolonged
course of the disease, a decrease of viscosity
and elastic properties of intracellular contents
and an increase in permeability of membranes
were detected. This, in turn, contributes to the
dysfunction of the lymphocytic link of
immunity and ultimately leads to the
prolongation of the disease.

CONCLUSIONS

So, the study allows us to draw the
following conclusions:

— patients with a smooth course of IM in
the debut of the disease revealed a violation
of the biophysical organization of the
structure of lymphocytes in the form of an
increase in the values of PR EPR s.p. and
decrease MIC, indicating a decrease of
viscosity and elastic properties of intracellular
content and cytoplasmic membrane of
lymphocytes. In patients with prolonged
course of IM, these disorders were more
pronounced than in the smooth course of the
disease, which allows them to be used for
prognostic purposes;



— in the period of convalescence, the
indicators of the biophysical organization of the
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intracellular environment and cytoplasm. In our
view, these disorders lead to prolonged

structure of lymphocytes of patients with
smooth course of IM did not differ from the
norm, and in patients with prolonged course of
the disease their deviations were revealed in the
form of disturbance of microviscosity of both

immunosuppression, which  may be an
important argument in the development of
oncohematologic pathology at later stages of
the child's life.
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MPOTHO3YBAHHS 3ATSIKHOI'O MEPEBIT'Y IHOEKIIMHOTO MOHOHYKJEO3Y
V JITEXA HA IIJICTABI CTPYKTYPHOI OPTAHI3AIII JTIM®OIUTIB KPOBI

Konecnux A. B.

Meta. Y craTTi npeiacTaBieHi pe3yNbTaTH JOCHDKEHb 3 BH3HAUCHHS KPHUTEPIiB IPOTHO3YBaHHS
3aTsHDKHOTO TepeOiry iHgeKiitHoro MoHoHykKireo3y (IM) y miTei Ha miicTaBi CTPYKTYPHOI OpraHi3altii JJiM(OIHTiB
KpOBI.

Marepiaau Ta Metomau. [1ix HarsiioM nepeOyBasio 68 jiTel y Billl TPhOX — IT'SITHAIISATH POKIB XBopHX Ha IM.
[Hiarno3 IM BepugikyBamm meronamu [1JIP (BusBnennst JHK BEB y xposi) i I®A (antu-BEB Ig M i Ig G).
BiogiziuHy opraHizamio IMTOINIA3MAaTHYHOI MeMOpaHn JiM(OIMTIB KPOBI BHU3HAYIM METOIOM EJIEKTPOHHOTO
napamartitHoro peszoHancy (EIIP) crmHOBHX 30HAIB 3 BUKOPHUCTaHHSIM METOJMKH J100aBOYHOTO YIIMPEHHS IIpU
napaMeTpax MIKpOXBHIbOBOI yacTotTH 9,39 rirarepl, aMIUTTYJ¥ BHCOKOYAaCTOTHOI Monysswii 1 raycc, dacy
po3Beptkn MarHiTHoro monst 200 cek. koHcraHtu dacy 0,1 wiricekyHmu (Mcek). IIpo MikpoB’s3KicTh
BHYTPIIIHEOKJIITHHHOTO CEPENIOBUIIA JIM(OIMTIB CyaWIHM IO HapaMeTpy PYXJIHMBOCTI BOJOPO3YMHHOIO 30HZA
(thepporanmia HIKeIro), SIKUH JIETKO NMPOHUKAE B IUTOILIA3MY 1 B KOMOIHAMI] 3 MO3aKIITHHHAMH TapamMarHiTHUM
i0HaMH, JI03BOJISIE OLIHIOBATH MiKPOB'S3KICTh BHYTPIIIHBOKJIITHHHOTO BMICTY B BITHOCHUX OZMHUILX (BiJ. O.).

Pesynbrarn. 3a pesynbratamMM CIIOCTEpPEKEHb BCTaHOBJICHO, IO Ha eranax MaHiecralii 3aXBOpIOBaHHS
BiOYBarOTHCS BUpaXkeHi NOpyLIeHHs 010(h)i3NYHOT OpraHi3alii CTPYKTYpH JIIM(OLMTIB y BUTIISl 3HIKEHHS B'SI3KO-
€JIACTHYHHX BJIACTUBOCTEH SIK BHYTPIIIHBOKIITHHHOTO BMICTY TaK 1 IUTOIIa3MaTHYHOI MeMOpaHu JiMQOIHTIB.
Le xapakTepu3yBajoCcsi TUM, L0 CEPE/IHI 3HAUCHHS IIBUAKOCTI MPOHUKHEHHS €JIEKTPOHHOTO MapaMarHiTHOTO
pesoHancy cnuHoBoro 3oHxy (IHIT EITP c.3.) y xBopux 000X TIpyn BHSBWINCS JOCTOBIPHO BHIIE
HOpPMaTHBHHUX. Y TpyIl 3 IJIQJKUM IepediroM BOHHM IEpeBHIyBaiIu HOpMy B 1,5 pasu, a y XBopux i3
3aTsDKHUM Tepebirom B 1,8 pasiB, a 3HaYeHHS MOKa3HUKA MIKPOB’S3KICTI BHYTPIIIHBOKIITHHHOTO CEPEIOBHIIA
(MB BC) BusiBIIMCS TOCTOBIPHO 3HIKEHUMH TIOPIBHSHO 3 KOHTpOsieM — Ha 22,1 % y XBOpHUX 3 TJIAJIKKM IepeOiroM
3axBOproBaHHs 1 Ha 25,1 % — 3 3aTsvkHNMM nepebirom IM.
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BucnoBkH. Y XBopuX i3 3aTspKkHMM niepedirom IM 3a3HadeHi nopyuieHHs Oyii BUpaKeH] OLIBILOI0 Mipoto, HXK
IpH TIaJKoMy Iiepebiry XBopoOu. B mepiozi pexoHBaseclieHIii noka3HUKK OiodizmdHOi opraHizauii CTpyKTypu
JM(OIMTIB XBOPUX 3 INIaAKKM Itepedirom IM He BiIpi3HMCS Bil HOPMATHBY, a Y XBOPUX i3 3aTsHKHUM Iiepebirom
XBOPOOH BHSBIICHO JIOCTOBIPHE X BiXHJICHHSL.

K/IFIO90BI C/I0OBA:nity, iHpeKUiiHNIA MOHOHYKJIE03, CTPYKTYpa, JTiM(OLUT, IPOrHO3YBaHHS nepediry
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yHiBepcutery, mp. I'epoiB Cramnrpamy, 160, Xapkis, Ykpaina, 61000, e-mail: yanakolesnik8@gmail.com, ID ORCID:
https://orcid.org/0000-0003-2984-6563

IMPOTHO3UPOBAHMUE 3ATAKHOI'O TEYHEHUSA HHOEKIIMOHHOI'O MOHOHYKJIEO3A
V JIETE HA OCHOBAHMM CTPYKTYPHOM OPTAHMU3AIINU JIUM®POIIATOB KPOBU

Konecnux A. B.

Ilesn. B crartee mpeAcTaBIeHbI pe3yabTaThl UCCICAOBAHUN IO ONPENETICHHIO KPUTEPHEB MPOrHO3UPOBAHUS
3aTsHKHOTO TeYeHHs] MH(EKIMOHHOrO MOHOHYyKIeo3a (MIM) y nereil Ha OCHOBaHHMHM CTPYKTYPHOM OpraHH3alld
JTMM(OLUTOB KPOBH.

Marepuanbl n MeroabLllon HaOmozeHMeM Haxomwioch 68 geTel B BO3pacTe TpeX - ILSITHAALATH JIET
6onbHBIX IM. lnaraoz UM Bepudunmposanu merogamu [P (BeisiBnenne JIHK BOB B kpoBu) u MDA (antu-
B3b Ig M u Ig G). buodpusnueckyro opraHu3alyio LUTOIIIA3MaTHUECKOH MeMOpaHbl JIMM(OLUTOB KPOBH
OIIPEe/ICIISUTH METOJIOM 3JIEKTPOHHOTO IMapaMarHUTHOro pe3oHaHca (OI1P) cnMHOBBIX 30HIOB C HCIOIb30BAHHEM
METOMKH J00aBOYHOTO PACIIMPEHUsI IPU MapaMeTpax MHKPOBOJIHOBOHM 4acToThl 9,39 rurarepli, aMIUIUTYbI
BBICOKOYACTOTHOM Moaysiiu 1 raycc, BpeMeHH pa3BepTku MarHuTHOro Mo 200 cex. koHCTaHTHI BpemenH 0,1
MIUIACEKYHIBI (Mcek). O MHKpPOBSI3KOCTH BHYTPHKJIETOYHOW Cpelbl JMM(OLKMTOB CyAWSIM TO Iapamerpy
MOABM)KHOCTH BOJIOPACTBOPHMOTO 30H A ((heppHLIHaHuIa HUKETST), KOTOPBIH JerKo MPOHUKAET B IIUTOIIIa3My U B
KOMOMHAIIMM C BHEKJIETOYHBIMM IIAPaMAarHUTHBIM  HMOHAMH, TIO3BOJIIET  OIIEGHHBAaTh  MHKPOBS3KOCTh
BHYTPHUKJIETOUHOTO COZICP)KaHHs B OTHOCUTENIBHBIX SANHUIAX (OT. €11.).

Pesyabrarbl. Ilo pesynbrataM HaOMIOAEHWI YCTaHOBJIEHO, YTO HA OSTamax MaHHM(ecTaluu 3a0o0neBaHUs
MPOUCXOJIAT BhIpAYKEHHbIE HApYyLICHUs OMO(U3NUECKON OpraHu3aly CTPYKTYPhl JUMQOLMTOB B BHIE CHUKCHHS
BSI3KORJIACTHYECKMX CBOWCTB KaK BHYTPUKJIECTOUHOIO COJEPXKAaHMS TaK M LUTOIUIA3MATHYECKOH MeMOpaHbI
JMMGOIUTOB. DTO XapaKTepU30BAJIOCh TEM, YTO CPEIHWE 3HAYEHHs] CKOPOCTH INPOHUKHOBEHHMS AJIEKTPOHHOTO
napaMarHuTHOrO pe3oHanca crmHoBoro 3oHzAa (LT JI1P c.3.) y GonbHBIX 00erX TPYIMI OKa3aJHucCh JOCTOBEPHO
BBIIIIC HOPMATHBHBIX. B rpymme ¢ riakiM TedeHHeM OHH MPEBbIIani HopMy B 1,5 pa3a, a y G0JIBHBIX C 3aTSHKHBIM
TeueHneM — B 1,8 pasza, a 3HaueHHWe MOKazaTeNlsi MUKPOBS3KOCTA BHYTPUKIETOYHOTO coaepkumoro (MB BC)
0Ka3aJIoCh JIOCTOBEPHO CHIDKEHHBIM IO CPaBHEHHIO ¢ KOHTpoJieM — Ha 22,1 % y OONBbHBIX C IJIAJKHIM TeUEHHEM
3a005eBanus ¥ Ha 25,1 % — ¢ 3aTsHKHBIM TeuenueM VIM.

BbiBojbI. Y OOJBHBIX C 3aTsHKHBIM TedeHneM MM ykazaHHbIe HapylIeHHs ObLIN BHIPaKEHBI B OOJbIIIEH CTEIeHH,
YeM TP TJIaJKOM TeueHWH OoJyie3HH. B meprose peKkoHBaseCHEHINN ITOKA3aTenn OMO(M3UUECKON OpraHM3aIiH
CTPYKTYpBI JMM(OIMTOB OOJBHBIX C IJaAKUM TedeHHeM VM He OTIMYamiMch OT HOPMAaTWBa, a y OONBHBIX C
3aTsHKHBIM TeUEHHEM OOJIe3HH BBISIBIICHO IOCTOBEPHOE MX OTKIIOHEHHE.

K/ITIOYEBBIE CJ/IOBA: netn, nH()EKINOHHBI MOHOHYKJIE03, CTPYKTYPa, TUM(OLNT, TPOTHOZUPOBAHHS
TEYEHUS
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