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Introduction. Herpesvirus infections — in particular, those caused by human betaherpesvirus 6A/B (HHV-6A/C), are a serious problem at the present time
due to their ubiquity, polymorphism of manifestations, lifelong persistence in the body with the possibility of reactivation, and need for comprehensive diag-
nostics to the form of infection. Herpesvirus infections are especially serious when occurring in children with recurrent respiratory diseases.

Objective. To propose a modern method of differential diagnosis (DD) of active and latent forms of HHV-6A/B infection in children to optimize patient man-
agement tactics.

Materials and methods. To build a discriminant model, 152 patients aged 1 month to 17 years inclusive were included in the study, 112 of them making
up a training sample, while 40 comprised a test sample. A dichotomous variable was taken as a response variable: 1 — latent form of HHV-6A/B infection
(n =89), 2 —active (n = 23). 27 potential predictors were considered. The test sample consisted of 40 children. Statistical processing was performed using
Microsoft Excel and StatSoft Statistica 7.0

Results. The developed prognostic model of DD of active and latent forms of HHV-6A/B infection in children, which takes into account the severity of fever,
the presence of cough, the absolute neutrophil count and the value of threshold cycles of HHV-6A/B DNA, is characterized by its high sensitivity (91.3%) and
specificity (94.4%). The presented example reflects the step-by-step use of the model.

Conclusions. The prognostic model can be used in practice for identifying DD forms of HHV-6A/B infection in the presence of lymphoproliferative and res-
piratory syndromes in children, for the detection of HHV-6A/B DNA in the blood, and to substantiate indications for immunotropic therapy.
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COBPEMEHHbI/ NOAX0 K AN®SEPEHLUMANIBHOW OUATHOCTUKE BETA-TEPMECBUPYCHOW
WH®EKLMN YENNOBEKA 6A/B Y OETEN

H.C. Tan™, N.B. Babaderko'?, O.B. lonesa', J1./1. XKenesosa', E.B. BaausH', O.C. [noTos'

" IeTCKUI HayHHO-KNMHUHECKIIA LIEHTP MHAEKLMOHHBIX 6onesHen defepanbHoOro Meamko-6uonorndeckoro areHtcTea, CaHkT-MeTepbypr, Poccus
2 CaHKT-lNeTepbyprekumin rocyaapCTBEHHbI NeANaTPUHECKUI MEAULIMHCKII YHBepcuTeT, CaHkT-TeTepbypr, Poccus

BBepeHue. [epnecsupycHble MHMEKLMN, Bbi3BaHHbIE, B HaCcTHOCTW, 6eTarepnecBupycomM Yenoseka 6A/B (BIMY-6A/B), sBnatoTca Ba>kHOM Npobnemoit co-
BPEMEHHOCTW BBMAY MOBCEMECTHOW PACMPOCTPaAHEHHOCTM, NONMMOPdMU3Ma NPOSBNEHNUI, NOXKN3HEHHOW NEPCUCTEHLMM B OPraHn3Me C BO3MOXHOCTLIO
peakTuBaLmmn, HeO6XOANMOCTH KOMMEKCHON AMarHoCTUKM ANst yCTaHOBNEHWst (hOPMbl MHAEKLIM, OCOBEHHO Y [iIeTel C PEKYPPEHTHBIMI PECTMPATOPHbBIMU
3a60neBaHNAMU.

Uenb. NpennoxumTs coBpEMEHHbIN cnocob anddepenumansHon anarHocTukn (O 0) aktmeHom 1 nateHTHon hopm BIM-6A/B nHdbekumm y geten ansa ontu-
MU3aLNM TaKTUKM BeAEHUS NaLyeHTOoB.

MaTepuanbl u meToAbl. [119 NOCTPOEHUS OUCKPVMUHAHTHOW MOAENM B UccnefoBaHve Bkaoumam 152 nauveHTa B BospacTte oT 1 Mecsaua fo 17 net
BKJIOUUTENBHO, 13 HMX 112 — 3TO TpeHnpoBo4YHas Bblibopka, a 40 — TecToBas. B kadecTBe nepemMeHHON OTKMKa B3sTa AUXOTOMUYECKas nepeMeHHas:
1 — nateHTHas copma BIM'4-6A/B nHbekummn (n = 89), 2 — akTuBHas (n = 23). PaccMoTpeHo 27 noTeHLmManbHbIX NPeanKTopoB. TeCToBYO BbIGOPKY cocTa-
Bvnn 40 pgeten. CtatncTtndeckas ob6paboTka BbiNofIHEHA C ncnofb3oBaHnem Microsoft Excel, StatSoft Statistica 7.0

PesynbTtaTbl. PazpaboTtanHas nporHocTunieckas mogenbs 1 akTreHOM 1 nateHTHon thopm BIMY-6A/B HdeKkumn y geTen y4nTbiBaeT BbIpa>KeHHOCTb IMXO-
panku, Hanudve Kaluns, abcontoTHOE YMCNO HETPOMUNOB N 3Ha4YeHME NOPOroBbIX LiMknos JHK BIMY-6A/B 1 xapakTepuayeTcs BbICOKMMY NnokasaTensMm
yyBcTBUTENBHOCTU (91,3%) 1 cneundmndHocTy (94,4%). MpeacTaBneH NpUMep, OTpaxkatoLLMiA MoLaroBoe MCMNOb30BaHNE MOAENN.

BbiBopAbl. [TpOrHOCTNHECKAA MOLENb MOXKET UCMONb30BATLCA B NpakTuke ana O thopm BIM'Y-6A/B nHdekummn npu Hann4um y geten numdonponudepa-
TVBHOMO, PECMMPATOPHOrO CUHAPOMOB U BbisBneHun JHK BIr'Y-6A/B B kpoBu 1 Ansi 060CHOBaHWS NOKa3aHWi K NPOBEAEHNIO UMMYHOTPOMHOM Tepanmu.

KnioueBble cnoBa: 6eTa-repnecsupycHas nHekumsa Yenoseka 6A/B; akTnBHasa hopma; naTeHTHas opma; PekyppeHTHble pecnupaTopHble 3abonesa-
HWS; AMarHOCTVKa; AeTH
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Ans untupoBanus: TaH H.C., babayeHko W.B., fonesa O.B., >Kenesosa J1./., basusH E.B., MotoB O.C. CoBpemeHHbIn noaxof K anddepeHumansHon
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®uHaHcupoBaHue: paboTa BbiNosHeHa 6e3 CNOHCOPCKOWN NMOAAEPXKKIA.

BnaropapHocTu: akagemunky PAH, a-py men. Hayk, npodeccopy J1o63uHy FOputo Bnagumumposudy, npesnaeHTy OrbY «[deTckuin HayYHO-KINHNHECKNI
LIEHTP MHAEKUMOHHbIX 6onesHen» PeaepanbHOro MeanKo-61oNorn4eckoro areHTCTBa, 3aciy>XeHHoOMy AedaTento Hayku Poccuiickon Pepepaumin, HneH-
koppecnoHaeHTy Akagemun PAH, a-py men. Hayk, npodeccopy »KaaHoBy KoHCTaHTUHY BanepbeBudy, ncnonHsitowemMy obsisaHHoCcTv avpekTopa ®rby
«[JeTCKNIA HayYHO-KIMHUYECKMIA LIEHTP UH(EKUMOHHBIX BonesHe» ®PefepanbHOro Meanko-61MoNorMiyeckoro areHTCcTea, 3aciy)XeHHOMY AesTenNto Hayku
Poccuirckon @enepaunu, A-py Meq,. Hayk, npodeccopy CkpunyeHko Hatanbe BUKTOpPOBHE, 3aMecTUTENO AMpeKTopa no Hay4Hon pabote OI'BY «[letckui
Hay4YHO-KJIMHUYECKMIA LEHTP MHDEKUMOHHbBIX BonesHen» PegepanbHOro MeAnKo-01MoNornieckoro areHTCTBa, 3a BCECTOPOHHIO NMOAAEPXKKY M NpeaocTas-
JIEHHYIO BOBMOXKHOCTb BbINOSIHUTL MCcNefoBaHue B cTeHax LieHTpa; A-py Meq. Hayk, npodeccopy Mpuropeesy CTenaHy Mpuropbesundy, ctapliemy Hay4Homy
COTPYOHUKY OTAENa opraHn3aumnm MeamumHekon nomMom OreY «[eTckuin HayHYHO-KIMHUYECKINIA LIEHTP NHAEKLMOHHBIX 60n1e3Hen» PefepanbHOro MeamnKko-
6uonornyeckoro areHtcTsa [Jobpockok Hennn AnekcanapoBHe, nateHtoseny ®rbBY «[JeTCkuin HayYHO-KNMHNUYECKUIA LEHTP UH(EKUMOHHBIX BoNnesHern»
depfepanbHOro MeanKo-6roNorn4ecKoro areHTCTBa, 3a MOMOLLLb B OPOPMIIEHUM NaTeHTa Ha n3obpeTeHue.

CooTBeTcTBME NPUHLMNAM 3TUKK: VIccnenoBaHne NPOBEAEHO B COOTBETCTBUN C MPUHLMNaMN XeNbCUHKCKOWM Aekapaumn n ogoopeHo JlokanbHbIM
ATNHECKUM KOMUTETOM PIBY «[1eTCKMIN HayHYHO-KIMHUYECKUI LEHTP MHMDEKLIMOHHBIX 6onesHen» deaepanbHOro Meamko-61oorn4eckoro areHTcTea
(mpotokon Ne 160 oT 27.09.2022). KnuHnko-nabopaTopHoe 06cnefoBaHmne NaLmeHToB OCYyLLECTBAANOCH MOCAE O3HAKOMIIEHNS NX 3aKOHHbIX MPEACTaBu-
Tenew ¢ aTanamun NCCNefoBaHNs, N3NOXEHHbIMM B OPOLLIOPE, 1 NOANNCaHNA MH(OPMUPOBAHHOIO COracus, COrnacus Ha NCnofib30BaHne nepcoHasb-

HbIX JaHHbIX.

MoTeHuManbHbI KOH(AUKT UHTEPECOB: aBTOPbI 3aABAIOT 06 OTCYTCTBUM KOH(INKTA MHTEPECOB.

D> Tan Hatanbst CepreesHa tiannatalia94@yandex.ru

Crtatbsa noctynuna: 10.09.2024 Mocne gopa6otku: 18.10.2024 MpuHATa k ny6nukauuu: 21.10.2024

INTRODUCTION

Herpesvirus infections are a serious problem at the present
time due to their ubiquity, high infection rate of the popula-
tion, and the possibility of their reactivation in the develop-
ment of immunodeficiency conditions having a high risk of
adverse outcomes [1-3]. In recent years, increasing atten-
tion has been paid to herpesviruses due to the increasing
case numbers of active herpesvirus infections, including
human betaherpesviruses 6A/B, in people with infectious
diseases caused by the SARS-CoV-2 virus (COVID-19) [4—
6], as well as in children with recurrent respiratory diseases
(RRD). Although human betaherpesvirus 6A/B (HHV-6A/B)
was first detected in 1985 in immunocompromised patients
[7], it is currently known as one of the most common her-
pesviruses with the level of seropositive individuals to HHV-
6A, HHV-6B or both types in the adult population reaching
95% [8]. Like other representatives of the family, HHV-6A/B
is characterized by polymorphism of clinical manifestations
and acts as a trigger of autoimmune and lymphoprolifera-
tive diseases [9-13].

The high level of infection with HHV-6A/B leads to the
frequent detection of markers of betaherpesvirus HHV-
6A/B infection, difficulties in differential diagnosis (DD) of
active and latent forms, especially in children with lym-
phoproliferative and catarrhal syndromes, as well as RRD,
overdiagnosis of active forms of infection and subsequent
administration of immunotropic therapy with antiviral pur-
pose [8, 14-16].

The aim of our study is to propose a modern DD meth-
od for active and latent forms of HHV-6A/B infection in chil-
dren as a means of optimizing patient management tactics.

MATERIALS AND METHODS

The study, carried out in the Children’s Scientific and
Clinical Center for Infectious Diseases of the Federal
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Medical and Biological Agency of Russia from 2021 to
2023, included 152 patients aged 1 month to 17 years
11 months and 29 days, 112 of whom made up a training
sample for training the classifier, while 40 comprised a test
sample for validating the classifier. Inclusion criterion for
the training sample: detection of HHV-6A/B DNA in whole
blood by qualitative polymerase chain reaction (PCR) with
subsequent assessment of the levels of threshold am-
plification cycles (cycle threshold, Ct). Exclusion criteria:
disagreement of legal guardians of patients to participate
in the study; severe somatic diseases in the decompen-
sation stage; detection of SARS-CoV-2 RNA in the upper
respiratory tract by PCR.

Depending on the severity of the condition, The patients
were admitted to a 24-hour or day hospital. Upon admis-
sion, anamnestic data was collected, including the data of
medical documentation of the outpatient stage (history of
the child’s development — form No. 112/U or an extract
from it). During the examination, special attention was paid
to assessing the presence and severity of lymphoprolifera-
tive syndromes typical of herpesvirus infection, namely:
adenoiditis, tonsillitis, lymphadenopathy, hepatospleno-
megaly.

On the first day of hospitalization, clinical and bio-
chemical blood tests were performed to assess the level
of C-reactive protein (CRP). To interpret the results of
the laboratory examination, reference values of manu-
facturers of test systems were used, taking into account
age characteristics. All patients underwent a whole
blood examination using high-quality real-time PCR to
detect HHV-6A/B DNA with an assessment of Ct level
(kits “AmpliSens EBV/CMV/HHV6-screen-FL’ (Central
Research Institute of Epidemiology, Russia). The Ct
level is the value at which the threshold line intersects
the S-shaped signal accumulation curves in the test
samples and control samples. Thus, this indicator indi-
cates the number of amplification cycles required to start
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detecting the virus DNA in the sample. A low Ct value
indicates a significant amount of isolated viral DNA in the
sample, which indicates a high viral load, while a high Ct
value indicates a low viral load [17].

Statistical processing was carried out using Microsoft
Excel modules, the StatSoft Statistica 7.0 software pack-
age. Using a training sample, a model was built for the de-
pendence of the patient’s belonging to one of two groups
according to the value of factors in various combinations,
where 1 is the latent form of HHV-6A/B infection (n = 89), 2
is the active form of HHV-6A/B infection (n = 23). The group
of active infection included children with sudden exanthe-
ma caused by laboratory-confirmed HHV-6A/V [18-20]. 27
anamnestic, clinical and paraclinical signs were considered
as potential predictors in the initial training model. The dis-
criminant model was constructed using the step-by-step
inclusion of predictors using the Fisher F-criterion (the value
of the F—criterion is 4.0, the lower limit of tolerance is 0.01).
The significance level p < 0.05 was used for all types of
statistical analysis.

RESULTS OF THE STUDY

In order to improve the accuracy and timeliness of diag-
nosis based on a comprehensive clinical and laboratory
examination, including a PCR study, a predictive model us-
ing discriminant analysis was developed. Of the 27 studied
features, 4 parameters were identified as demonstrating
the greatest statistically significant differences between the
groups — p < 0.001 (Table 1).

The obtained model of DD of latent and active forms of
HHV-BA/B infection in children demonstrated high statisti-
cal significance (p < 0.001) and classificatory ability at the
level of 93.75%. The model, which takes into account such
parameters as severity of fever, the presence of a cough,
the absolute number of neutrophils and the Ct DNA level
of HHV-6A/B, has high sensitivity (91.3%) and specificity
(94.4%).

On this basis, a diagnosis can be carried out as follows.
When seeking medical help for a child with a suspected ac-
tive form of HHV-6A/ B infection (fever, catarrhal and lym-
phoproliferative syndromes, clinical manifestations of infec-
tious mononucleosis, the presence of RRD), a clinical blood
test is performed on an automated hematology analyzer
with an assessment of the absolute value of neutrophils,
a whole blood study by PCR with Ct DNA determination
of HHV-6A/V. The obtained data of predictor features are

Table 1. List of predictors, coefficient values and their significance level

used for calculations using formulas (1, 2) of the linear dis-
criminant function (LDF):

LDF1 (the latent form of HHV-6A/B infection): 1)
42.7xX1 — 49.2xX2 — 6.2xX3 + 5.2xX4 — 865,
LDF2 (the active form of HHV-6A/B infection): 2)

45.1xX1 = 53xX2 — 6.7xX3 + 4.7xX4 — 940,
where X1 — the maximum severity of fever, °C;
X2 — the presence of a cough: no — 0, yes — 1;
X8 — absolute neutrophil count, x10%/L;
X4 — threshold cycle of HHV-6A/B DNA amplification.

The obtained values of LDF1 and LDF2 are compared
as follows: if LDF1 is greater than LDF2, the latent form of
HHV-6A /B infection is diagnosed; with LDF2 more than
LDF1, the active form is diagnosed.

A classification of the test sample (n = 40) was per-
formed. Discriminant analysis successfully identified 8 out
of 10 cases of the active form of HHV-6A/B infection and
29 out of 30 cases of latent infection. The total percentage
of correct diagnoses was 92.5%, which is comparable to
the results in the training sample. The patent for invention
No. 2817089 dated 09/04/2024 was obtained [21].

For a better understanding of the proposed model, we
present our own clinical observation.

Clinical case No. 1

The girl Ksenia, 8 years and 2 months old, was admitted
to the Children’s Scientific and Clinical Center for Infectious
Diseases of the Federal Medical and Biological Agency
on a planned basis due to RRD accompanied by febrile
fever, for examination and selection of therapy. The child
has a history of Schinz disease, atopic dermatitis. The
epidemiological history is not burdened. Upon admission,
condition satisfactory, body temperature falling within the
normal range (the value of the predictor X1 is “36.5”). Skin
of normal color, moist, without an infectious rash. Rhinitis
and cough absent (the value of the predictor X2 is “0”).
Pharynx calm, tonsils not enlarged, no plaque. Peripheral
lymph nodes not enlarged. Heart tones clear, rhythmic.
Vesicular breathing carried out in all parts of the lungs; no
wheezing heard. Abdomen soft, painless; liver and spleen
not enlarged. Diuresis preserved. Following a clinical blood
test, all parameters within the reference values (the value of
the predictor X3 (absolute neutrophil count) is “3.35”). No

. . LDF1 (latent form LDF2 (active form
No. Name and gradation of predictors Code of HHV-BA/B infection) of HHV-BA/B infection) p value
1 The maximum severity of fever, °C X1 42.7 451 <0.001
2 The presence of a cough: X2 -49.2 -53 <0.001
0—no;
1—yes
3 Absolute neutrophil count, *10%/L X3 -6.2 -6.7 <0.001
4 Threshold cycle of HHV-6A/B DNA amplification X4 5.2 4.7 <0.001
5 Constant -865 -940 -

Table prepared by the authors using their own data
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inflammatory changes detected in the general urine analy-
sis. An increase in normobiota was observed in the crops
of the discharge from the nasopharynx and oropharynx to
the microflora. Taking into account the anamnestic data, in
order to exclude reactivation of herpesviruses, high-quality
whole blood PCR for HHV-6A/B DNA, Epstein-Barr virus
and cytomegalovirus was performed by PCR: HHV-6A/B
DNA was detected, Ct value (predictor X4) — 31. When
examining blood by ELISA for specific antibodies of the
IgM class, IgG to herpesviruses, the following results were
obtained: IgG to cytomegalovirus (CMV) detected. IgM an-
tibodies to CMV, IgG antibodies to the nuclear and capsid
antigens of EBV, HHV-6A/B not detected. Given the posi-
tive result of PCR on HHV-6A/B DNA, final clinical diagno-
sis was interpreted as persistent HHV-6A/B infection in the
activation stage. The child was prescribed immunotropic
therapy with antiviral action consisting of meglumine acrid-
onacetate according to the manufacturer’s instructions in a
course of 23 days.

The calculation was performed retrospectively using
the formulas:

LDF1 = 42.7x36.5 — 49.2x0 — 6.2x3.35 + 5.2x31 — 865 = 834.98
LDF2 = 45.1x36.5 — 53x0 — 6.7x3.35+4.7x31 — 940 = 829.41

Since LDF1 > LDF2, a 94.4% probability of a latent form
of HHV-6A/B infection was pronounced.

This case demonstrates that, according to the pro-
posed discriminant model, the probability of an active form
of HHV-B6A/B infection was extremely low (5.6%); on this
basis, it was possible to avoid a long course of immuno-
tropic therapy.

DISCUSSION

The existing problem of overdiagnosis of the active form
of HHV-6A/B infection is related to the interpretation of the
results of high-quality PCR of whole blood without taking
into account the possible latency of the virus in mono-
nuclear cells. Despite their unsuitability in most cases,
the detection of HHV-6A/B DNA generally leads to the
prescription of long-term repeated courses of immuno-
tropic therapy. Thus, the developed prognostic model us-
ing discriminant analysis based on a comprehensive as-
sessment of clinical and laboratory parameters solves the
problem of DD of active and latent forms of HHV-6A/B
infection in children with lymphoproliferative and respira-
tory syndromes.

Utkin et al. proposed a method for identifying infectious
mononucleosis associated with human betaherpesvirus
6A/B. The invention takes into account such biomarkers
as AVEN mRNA, CHUK transcript 2, CIRBP transcript 2,
TRAFS transcript 2 and IRAK4 transcript 10. Although the
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method is extremely interesting from the point of view of
studying the molecular mechanisms of pathogenesis, its
disadvantages include the assessment of infection activity
in relation to only one nosological form (infectious mono-
nucleosis), inaccessibility of implementation in practical
healthcare with a large flow of patients, lack of technical
equipment of laboratories and trained personnel neces-
sary for the study of genes and transcripts, as well as high
financial costs and difficulty in interpreting the obtained
results [22].

As a solution of this problem, Melekhina et al. devel-
oped a method for identifying the indications for antiher-
petic therapy of HHV-6A/B infection in children with acute
respiratory diseases. The active form of infection, which
requires the prescription of antiviral therapy, is established
when more than 100 copies of the of HHV-6A/B DNA/10°
cells are detected in the blood by quantitative PCR. The
proposed method is characterized by its speed of execu-
tion and adequate approach to the obtained results tak-
ing into account different levels of viral load, as well as its
convenience in the presence of quantitative PCR — which,
however, is not an affordable diagnostic method at all levels
of medical care [23].

It is possible to use reverse transcription PCR to differ-
entiate the active and latent forms of HHV-6A/B infection.
This method is characterized by its higher sensitivity and
specificity than culture-based studies. The determination of
the form of infection depends on the detected matrix RNA
of viral proteins: the open reading frames U42, U22, U38,
U100 indicate an active form of infection, while U94, con-
versely, indicates a latent infection [20]. Thus, the method is
promising, but currently unavailable in practice.

Our described model offers additional advantages such
as simplicity, accessibility, speed of execution, as well as
the possibility of providing DD of active and latent forms
of HHV-6A/B infection without involving additional financial
costs for expensive laboratory tests. The uniqueness of the
method is confirmed by the patent for the invention.

CONCLUSIONS

The developed prognostic model can be applied in clini-
cal practice for the diagnosis of active and latent forms of
HHV-6A/B infection in children with catarrhal, lymphopro-
liferative syndromes when HHV-6A/B DNA is detected in
whole blood, as well as to justify the appointment of im-
munotropic therapy with antiviral action. When establish-
ing the latent form of HHV-6A/B infection, it is necessary
to conduct a further diagnostic search to exclude auto-
inflammatory diseases accompanied by an appropriate
symptom complex or the active form of infectious mono-
nucleosis of mono— and combined herpesvirus etiology
along with lesions of organs and systems associated with
viral infection.
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