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Abstract

Objective. To determine serum levels of immunoglobulin M (IgM) and G (IgG) antibodies to human herpes virus type 6
(HHV-6) (anti-HHV-6) and features of clinical and morphological portrait in patients with acute decompensated heart failure
(ADHF) of ischemic genesis and/or adverse left ventricular (LV) remodeling.

Material and Methods. This open-label, nonrandomized, single-center, prospective trial was registered at clinicaltrials.
gov (#NCT02649517) and comprised 25 patients (84% men) with ADHF and LV ejection fraction (EF) < 40%. All patients
underwent endomyocardial biopsy (EMB) with immunohistochemistry (IHC) analysis for the presence of HHV-6, compliment
C1q, major histocompatibility complex of class Il (MHC II), and B-lymphocyte antigen (CD19) as the markers of autoimmune
reaction as well as the serum levels of anti-HHV-6 IgM and IgG. Serum levels of IgM and IgG were measured using enzyme-
linked immunosorbent assay (ELISA) with the calculation of positivity coefficient (PC) according to manufacturer instructions.
The test results were interpreted as positive when PC value was greater than 0.8.

Results. The endomyocardial biopsy study detected HHV-6 antigen expression in 15 (60%) out of 25 enrolled patients
including 10 cases with diagnosed HHV-6-positive myocarditis and five patients with carriage of viruses. According to IHC,
the autoimmune HHV-6 myocarditis was confirmed in three cases (30%). The data of ELISA (n = 18) detected anti-HHV-6
IgM in 5 patients (28%) and anti-HHV-6 1gG in 11 cases (61%). The simultaneous presence of both anti-HHV-6 IgM and 1gG
was detected in two patients (11%). In addition, anti-HHV-6 IgM and IgG were absent in two (11%) cases. Eight patients
(44%) with HHV-6-positive myocarditis included three patients (17%) tested positive for serum anti-HHV-6 IgM, three patients
(17%) tested positive for serum anti-HHV-6 IgG, and two patients (11%) who had nether anti-HHV-6 IgM nor anti-HHV-6 1gG
in blood serum. Among virus carriers, one patient (20%) was tested positive for anti-HHV-6 IgM and four patients (80%) were
tested positive for anti-HHV-6 IgG. The patients without HHV-6 antigen expression (n = 5, 28%) included one patient (5.6%)
tested positive for anti-HHV-6 IgM and two patients (11%) tested positive for anti-HHV-6 19G. The entire sample of patients
was divided into two groups depending on the serum level of anti-HHV-6 IgM: group 1 comprised patients tested positive for
anti-HHV-6 IgM (n = 5); group 2 comprised patients (n = 13) tested negative for anti-HHV-6 IgM. Clinical and instrumental
parameters differed only in the duration of CHF history, which was greater in group 1 than in group 2 (11.0 [8.0; 12.0] vs. 22.5
[14.5; 75.5] months, respectively (p = 0.045). The groups did not significantly differ in the studied markers in myocardial tissue
according to the results of IHC analysis. No associations were found between the severity of HHV-6 antigen expression and
serum levels of anti-HHV-6 IgM and IgG.

Conclusion. Patients with ADHF and/or adverse LV remodeling after complete myocardial revascularization had higher
percentage of HHV-6 antigen expression whose severity was not associated with the serum levels of anti-HHV-6 IgM and IgG.
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AHHOTAUMUSA

Llenb: onpeaenntb CbIBOPOTOYHbIE YPOBHU MMMYHOrNobynunHoB knacca M n G k Bupycy repneca 4enoseka 6-ro tuna (aH-
TM-HHV-6 IgM 1 IgG) n 0COBEHHOCTN KITMHNYECKOTO 1 MOPEOIOrM4eCckoro nopTpeTa 00MnbHbIX OCTPON AEKOMMNEHcaUMen nlle-
MUYECKOIN XPOHUYECKON cepaeyHon HegocTtatodHocTbio (OOXCH) u/vnn HebnaronpnaTHLEIM peMoaenpoBaHUEM NEBOIO Xe-
nygouka (JXK).

Martepuan u meToabl. BbINONHEHO OTKPbITOE HEPAHAOMW3MPOBAHHOE, OAHOLIEHTPOBOE, NPOCNEKTUBHOE UCCNEAoBaHNe, 3a-
pernctpmpoBaHHoe Ha canTte Clinicaltrials.gov (# NCT02649517). B nccnepnoaHuve BkntoveHbl 25 naumeHToB (84% cocrtas-
NS0T MY>X4MHbI, pakums Beibpoca (PB) JTXK < 40%). Bcem naumeHTam BbiNONHEHa MHBa3uBHasi KOPOHapHasi aHrmorpadms u
3HOoMuokapamanbHasi buoncus (OMB). MNMpoBeageH MMMyHorucToxummudeckuin (MIMX) aHanua TkaHn MMokapAaa Ha 3KCnpeccuto
aHTureHoB HHV-6, onpegenenve komnnumenTa C1q, rnaBHOro komnnekca ructocomectumoctu knacca Il (MHC 1), B-num-
doumTapHoro aHTureHa (CD-19). YcTaHOBNEH CbIBOPOTOYHBIN ypoBeHb aHTU-HHV-6 IgM 1 G ¢ nomMoLLblo MMMyHObepMeHT-
Horo aHanusa (M®PA) c pacyeTom koadduumeHTa noantusHocTr (KIM). 3a nonoxutenbHbIN pedynsTaTt NpUHMMany BEMUYMHY
KMnz=0,8.

Pesynbrarthl. Mo pesynsratam OMB, y 15 (60%) 13 25 BKIOYEHHbLIX B MCCMeAOBaHME MAUMEHTOB BbIsIBIIEHA 3KCMpeccus
aHTureHoB HHV-6, n3 Hux B 10 cnyyasx anarHoctnposaH HHV-6 — no3nTuBHLIN MUokapauT, y 5 60mbHbIX — BUPYCOHOCUTENb-
CTBO. BupycHO-ayTOMMMYHHbIV XapakTep MUOKapAauTa, no AaHHbIM Mopdonoruu, noareepxaeH B 3 (30%) cnyyasx. o gax-
HbIM VIDA (18 GonbHbIx), aHT-HHV-6 IgM BeisiBneHbl y 5 nauneHToB (28%), aHtn-HHV-6 1IgG onpepgensanuce yawe y 11 (61%).
OpHoBpemeHHoe Hanunune aHTu-HHV-6 IgM n antn-HHV-6 1gG 6bino 3apeructpuposaHo y 2 (11%) naumneHToB. Kpome Toro,
B 2 (11%) cny4asax aHTM-HHV-6 otrcytctBoBanu. Y 8 (44%) naunentoB ¢ HHV-6 — no3anTnBHbIM Myokapautom aHTu-HHV-6
IgM — B 3 (17%), aHTn-HHV-6 1gG — B 3 (17%) cnyyasx onpegensanvcb B CbIBOPOTKE KPOBW 1 oTCyTcTBOBanu aHTu-HHV-6 IgM,
1gG - B 2 (11%) cny4yasax. BmecTe ¢ Tem npu BupycoHocutenscTBe obHapyxumsarncs aHtu-HHV-6 IgM B 1 (20%) v aHTn-HHV-6
IgG B 4 (80%) cny4aeB. Y 5 (28%) naumeHTOB npu OTCyTCTBUM 3Kcnpeccun aHtureHoB HHV-6 B 1 (5,6%) cniyyae BbisiBnsanm
aHTu-HHV-6 IgM, B 2 (11%) cnyyasax — aHtn-HHV-6 IgG. B 3aBrucmmocTn ot ypoBHs aHTM-HHV-6 IgM B cbiBopoTKe kpoBwu na-
LMeHTbl pa3aeneHsl Ha 2 rpynnbl: 1-9 rpynna — naumeHTbl ¢ nonoxuTensHeiM aHTu-HHV-6 IgM (n = 5), 2-9 rpynna - nauneHThbl
6e3 nonoxutensHoro aHTu-HHV-6 IgM (n = 13). Cpeaun KNUHMKO-UHCTPYMEHTarnbHbIX NokasaTenen pasnuyms yCTaHOBMEHbI
TONbKO B NPOAOIMKMTENBHOCTM aHamMHe3a XCH, oHa Obina 6onbwen B 1-i rpynne 22,5 [14,5; 75,5] npotme 11,0 [8,0; 12,0]
(p = 0,045). CornacHo pesynsratam MMMMYHOTMCTOXMMUYECKOrO UCCNefoBaHUsA, cpean U3yYeHHbIX MapkepoB B TKaHW MUO-
Kapga 3Ha4YMMbIX Pasnuuni Mexay rpynnamu He BbiiBNeHo. He yctaHoBnNeHa B3aMMOCBA3b MeXAy BbIpaXXEHHOCTBIO SKCnpec-
cumn anTureHos HHV-6 B TkaHM Mmnokapaa v CbIBOPOTOYHbIMU ypoBHAMYK aHTM-HHV-6 IgM 1 IgG.

BeiBogbl. Y naumeHtoB ¢ OAXCH w/vnu HebnaronpusatHelM pemogenvposaHvem JIK nocne nonHom pesacKynsapusaumm
MUOKapAa AuarHoCTUpoBaHa BbICOKas YacToTa BCTPEYaeMOCTU aKcnpeccun aHtureHoB HHV-6 B TkaHn Muokapaa, cteneHb
BbIPaXXEHHOCTM KOTOPOW He accouumpoBanachk C CbIBOPOTOYHbIMWU YpoBHAMM aHTU-HHV-6 IgM n IgG.
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Introduction

Heart failure (HF) is a long-term chronic condition that pro-
gressively worsens with time and leads to high hospitalization
rate and over 50% mortality within five years. The prevalence
of HF is increasing over the years reaching up to 15 million
in Europe and over six million in the USA [1]. Acute decom-
pensated heart failure (ADHF) accounts for more than one
million hospitalizations in the USA [2]. Previous myocardial
infarction can trigger left ventricular (LV) remodeling, which
is the major contributor to the development of HF in most
of patients. The rate of ADHF reaches 50% [3] despite the
advances in coronary revascularization and optimal medical
therapy [4]. Moreover, in case of the most common ischemic
HF, there is a loss of LV function as a result of ischemic dam-
age to the myocardial tissue and LV remodeling [5]. Chronic
myocardial ischemia causes a vicious circle, activating com-
pensatory neurohormonal and inflammatory mechanisms [6,
7], leading to the progression of HF, and resulting in isch-
emic cardiomyopathy. The use of optimal pharmacological
and surgical treatment improved the survival rate of patients
with HF during the period from 1979 to 2000 [8]. However,
in recent years, numerous attempts aiming to improve the
outcomes in patients with HF decompensation using thera-
peutic approaches were unsuccessful [9] suggesting the lack
of complete understanding of HF pathophysiology.

Therefore, studying the inflammatory response as a fun-
damental link in the pathogenesis of HF and as the main
component of HF decompensation is currently of a parti-
cular interest. The elimination of myocardial ischemia is not
associated with a decrease in the incidence of HF where-
as the proportion of patients with adverse cardiac remode-
ling remains high [7, 8]. Over time, there was a transition of
views in regard to chronic and physiological inflammation oc-
curring in response to any tissue damage (myocardial isch-
emia, hypertension, etc.), which is necessary for recovery. In
the presence of ongoing inflammation, the inflammatory re-
sponse can become pathologic, potentially leading to the de-
velopment and progression of HF [1, 10]. Any damage to the
myocardium triggers sterile inflammation, whereas the infec-
tious pathogens contribute to the development of non-sterile
inflammation in the myocardium [10]. There are viral infec-
tions that cause latent diseases and can also manifest as
viral carriage [1]. Most of these infections are caused by the
viruses with an inherent high prevalence in the population
[11]. Evidence suggests that the human herpesvirus type 6

(HHV-6) is the most prevalent cardiac herpesvirus detected
by endomyocardial biopsy (EMB) in patients with HF [12] and
it is also lymphotropic virus [13]. The HHV-6 has been well
studied in cases of myocarditis [14]. There is also evidence
on the association between HHV-6 and HF progression.
However, there is a lack of knowledge regarding the role of
acute and chronic HHV-6 infection in the clinical course of HF
[14, 15]. In this article, we wanted to test the hypothesis that
chronic HHV-6 infection is the cornerstone of acute decom-
pensated heart failure (ADHF) of ischemic genesis and/or
adverse LV remodeling. The HHV-6 antigen expression in the
myocardium and the presence of immunoglobulin M and G
antibodies to human herpes virus type 6 (anti-HHV-6 IgM and
IgG) in blood serum were taken as markers of herpes infec-
tion activity.

The aim of this study was to determine the serum levels
of anti-HHV-6 IgM and IgG and the features of clinical and
morphological portrait in patients with ADHF and/or adverse
LV remodeling.

Study design

Patients

This open-label, nonrandomized, single-center, prospec-
tive trial was registered at clinicaltrials.gov (#NCT02649517).
A total of 25 patients (84% men, LV ejection fraction (EF)
of 29.17 £ 9.4%) with ADHF and/or adverse LV remodeling
were included.

Inclusion criteria: ADHF; LVEF < 40%); medical history of
ischemic heart disease (IHD); not earlier than six months after
optimal surgery (PCI or/fand CABG) and optimal drug treat-
ment for HF according to ESC guidelines. Exclusion criteria:
hemodynamically significant valvular heart disease; acute
coronary syndrome; thrombosis of the right atrium and right
ventricle; condition after the operation impeding access to the
right ventricle (vena cava filters, vena cava plication, and me-
chanical prosthetic tricuspid valve); and severe comorbidities.

All patients were divided into 2 groups depending on the
presence of the ratio of anti-HHV-6 IgM in blood serum: group
1 comprised patients tested positive for anti-HHV-6 IgM (n = 5)
and group 2 comprised patients (n = 13) tested negative for
anti-HHV-6 IgM. IgM and IgG test results were interpreted as
positive when positivity ratio was greater than 0.8.

Clinical, instrumental, and laboratory parameters are pre-
sented in Table 1. Patients did not have any clinical manifes-
tations of herpes infection.
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Table 1. Baseline characteristics of patients included in the study

Parameter All patients All patients with ELISA* Group 1 Group 2 p-value
(n=25) (n=18) (n=5) (n=13)

i en n(%) ......................................... o ( o .) ..................... ” ( 78) .................. 5(100) ................ 9(69) .......... Sien
Age, years 61.0 [56.0; 67.0] 59.0 [56.0; 65.0] 56.0 [46.0; 57.0] 61.0[57.5;66.0] | 0.095
BMI, kg/m? 29.7 [25.7; 31.9] 30.4 [28.0; 31.9] 30.3 [28.0; 31.0] 30.6 [28.1; 34.7] 0.502
Duration of HF, months 17.0 [8.0; 48.0] 20.0 [11.0; 48.0] 11.0 [8.0; 12.0] 22.5[14.5; 75.5] 0.045
a‘;’r‘:n“g:tﬁi'HD to the development of 72.0 [13.0; 114.0] 60.0 [12.0; 98.0] 14.0[5.0;72.0] | 70.0[12.5;117.0] | 0.143
NYHAFC 4 8 (32) 5 (28) 2 (40) 3(23) -
NYHA FC 3 by 15 (60) 13 (72) 3 (60) 10 (77) -
Type 2 diabetes mellitus 12 (48) 10 (56) 3 (60) 7 (54) -
Ventricular tachycardia 13 (52) 10 (56) 2 (40) 8 (62) -
Atrial fibrillation/atrial flutter 44 (11)/28 (7) 10 (56)/5 (28) 3 (40)/1 (20) 7 (54)/4 (31) -
2-3 degree atrioventricular block 1(4) 1(6) - 1(8) -
Left bundle branch block 8 (32) 6 (33) 2 (40) 4 (31) -
Right bundle branch block 6 (24) 5 (28) 2 (40) 3(23) -
QRS > 120 ms 10 (40) 9 (50) 3 (60) 6 (46) -
Prior PCI 19 (76) 15 (83) 5 (100) 10 (77) 0.242
Prior CABG 15 (48) 10 (56) 3 (60) 7 (54) -
Prior PCl and CABG 12 (48) 7 (39) 2 (40) 5 (39) -
ICD (before/during the study) 6 (24)/4 (16) 4 (22)/1 (6) 2 (40) 4(31) -
CRT (before/during the study) 1(4)- /- —/- —/- -
CRT-D (before / during the study) 2 (8)/3 (12) -1 (6) —- 2 (15)/2 (15) -

Symptoms of ADHF
Cyanosis 11 (44) 6 (33) 1(20) 4(31) -
:thr"er;';‘ess of breath: physical activity/ 13 (52)/8 (36) 11 (61)/5 (28) 3 (60)1 (20) 3 (2312 (15) -
Wheezing 11 (44) 8 (44) 2 (40) 6 (46) -
Edemalwelts 7 (28)/4 (16) 2 (40)/1(20) 4 (31)11 (8) -
Increase in body weight in the last week 6 (24) 6 (33) 2 (40) 4 (31) -
Jugular venous distention 8 (32) 4(22) - 4(31) -
Abnormal heart rhythm 12 (48) 10 (56) 4(80) 7 (54) -
Liver (up to 5 cm/more than 5 cm) 14 (56)/2 (8) 10 (56)/— 3 (60)/- 8 (62)I— -
Classification of ADHF
Warm and dry 14 (56) 11 (61) 3 (60) 8 (54) -
Warm and wet 1(4) 1(6) - 1(8) -
Cold and dry 2 (8) 1(6) 1(20) 1(8) -
Cold and wet 5 (20) 5 (28) 1(20) 3(23) -
Vital signs at admission:
Systolic blood pressure, mm Hg 128.0 [104.0;138.0] 130.0 [100.0;130.0] 120.0 [102.0;130.0] | 130[100.0;134.0] | 0.924
Diastolic blood pressure, mm Hg 80.0 [70.0; 80.0] 70.0 [60.0; 80.0] 70.0 [70.0; 80.0] 75.0 [60.0; 80.0] 0.703
Heart rate, beats/min 72.0 [65.0; 87.0] 68.0 [64.0; 82.0] 64.0 [64.0; 72.0] 70.0 [68.0: 84.0] 0.289
Respiratory rate, inhalation/min 19.0 [17.0; 20.0] 18.0 [17.0; 20.0] 18.0[18.0; 20.0] 18.5[16.5; 20.0] 0.920
Medications at discharge
Diuretics (parenteral/oral) 15 (60)/17 (68) 14 (78) /12 (67) 2 (40) /4 (80) 12 (92)/8 (62) -
Inotropic drugs 2(8) - - - -
ACE/ARA 16 (64) 13 3 (60) 10 (77) -
Beta blockers 16 (64) 12 3 (60) 9 (69) -
MCRA 17 (68) 14 4 (80) 10 (77) -

Note: data are presented as the median, interquartile range [Q1; Q3] for continuous non-normally distributed variables or by frequency n (%). * — group
of patients with ELISA performed; IHD — ischemic heart disease; HF — heart failure, BMI — body mass index, PCI — percutaneous coronary intervention,
CABG - coronary artery bypass grafting, ICD — implanted cardioverter-defibrillator, CRT — resynchronization therapy, CRT-D — resynchronization therapy
with defibrillator function, ACE — inhibitors of angiotensin-converting enzyme, ARA — angiotensin |l receptor antagonists, MCRA — mineralocorticoid receptor
antagonists.

Echocardiography was performed at least one day before  patients to rule out the progression of coronary atherosclero-
the EMB. The values of LVEF, end-diastolic volume index sis. All patients underwent EMB with immunohistochemistry
(EDVI), and end-systolic volume index (ESVI) were deter- (IHC) analysis for the presence of HHV-6. Patients with diag-
mined in 2- and 4-chamber views according to the recom- nosed HHV-6 by EMB received antiviral therapy.
mendations of European Association of Echocardiography Seven patients who did not have blood samples for ELISA
[16]. Invasive coronary angiography was performed in all  due to any reasons were excluded from the analysis.
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Endomyocardial biopsy by immunohistochemical
examination

EMB was performed by femoral access. Three biopsy
samples were taken from the interventricular septum, apical
region, and right ventricular outflow tract. IHC analysis was
performed using mouse monoclonal antibodies to monocytes/
macrophages (CD68 +) and T-lymphocytes (CD3+, CD45+)
as well as monoclonal antibodies against HHV-6. We used
the compliment C1q, MHC I, and CD19 as the markers of
autoimmune reaction; quantitative parameters of cells in the
myocardial tissue were not determined at that time [13, 17].
IHC criteria of myocarditis were at least 14 leukocytes per sq.
mm in the myocardium including up to four monocytes and
seven or more CD3+ T lymphocytes per square millimeter
[17]. The activity of the inflammatory process in the myocardi-
um and the semi-quantitative degree of fibrosis severity were
evaluated using a 5-point system [18].

ELISA for determination of serum HHV-6-specific IgM
and IgG antibodies

Serum levels of anti-HHV-6 IgM and IgG were assessed
at admission. Qualitative/semi-quantitative analysis of an-
ti-HHV-6 IgM and 1gG levels in blood serum was performed
by ELISA using the test systems “Vector-Best” and “VIDIT-
EST” with the calculation of positivity coefficient (PC) accor-
ding to manufacturer instructions. Results were interpreted
as positive, negative, or equivocal depending on PC value,
namely: the results were considered positive when PC was
greater than 1, negative when PC was below 0.8, and equi-
vocal when PC value was between 0.8 and 1. Optical densi-
ty assessment, calibration graph preparation, and evaluation
of quantitative and semi-quantitative parameters were done
using the Infinite F50 microplate reader and Magellan
Tracker software (Austria).

ELISA for assessment of inflammatory biomarkers in
blood serum

Blood samples were obtained by venipuncture between
08.00 and 09.00 a.m., incubated at room temperature and
centrifuged at 3000 rev/min for 15 minutes; serum samples
were stored at —40 °C with a single freeze-thaw cycle. Se-
rum levels of biomarkers were analyzed from the same blood
samples using ELISA before myocardial biopsies.

Serum levels of highly sensitive C-reactive protein (CRP
(hs)) were determined by the CRP (hs) test system (Biome-
dica, Austria). Serum levels of N-terminal fragment of brain
natriuretic peptide precursor (NT—proBNP) were assessed
using the NT—proBNP kit (Biomedica, Slovakia). The levels
of Troponin | were assessed using the test system Tropo-
nin | (Human cardiac-specific) (BIOMERICA, Austria). Serum
levels of IL-1beta, IL-10, TNF-a, INF-y, and IL-6 were deter-
mined by the kit (Vector-Best, Russia). The measurements
were expressed in ng/mL.

Statistical analysis

Statistical data analyzes were performed with STATISTI-
CA 10.0 software. Nonparametric statistical methods were
used. Continuous variables are described as median and in-
terquartile range. Statistical differences between groups were
detected using the x?-test for categorial variables. Univariate
comparisons of two independent groups were performed with
the Mann — Whitney U-test. A value of p < 0.05 was consi-
dered statistically significant.

Results

Among a total of 25 patients with ADHF and/or ad-
verse LV remodeling, we identified patients (n = 15,
63%) tested positive for HHV-6 according to EMB results
(Table 2). HHV-6-positive myocarditis was confirmed in 10
(40%) cases and viral carriage was found in five (20%) cas-
es by EMB. The autoimmunity in HHV-6 myocarditis was
confirmed in three (30%) cases according to IHC. The data
of ELISA (n = 18) showed the presence of anti-HHV-6 IgM in
five patients (28%) and anti-HHV-6 1gG in 11 cases (61%).
The simultaneous presence of anti-HHV-6 IgM and an-
ti-HHV-6 1gG was detected in two (11%) patients. In addition,
anti-HHV-6 IgM and 1gG were absent in two (11%) cases
(Table 2).

Table 2. The presence of HHV-6 antigen expression by EMB and
serum anti-HHV-6 IgM and G in patients with ADHF and/or adverse LV
remodeling on admission

Patient’s | Myocar- HHV-6 antigen Anti-HHV-6 Anti-HHV-6
number ditis expression in EMB IgM in serum | IgG in serum
1 .............. + ............. + + ................ +_ .......
2 - + - +
3 + + + +
4 - +++ - +
5 - + - +
6 - + - +
7 - - - +
8 + +++ - +
9 + +++ + -
10 - + + -
11 - - + +
12 + + - -
13 + +++ - -
14 - - - +
15 - - - -
16 + + - +
17 + ++ - +
18 - - - -

Note: + — low HHV-6 antigen expression, ++ — moderate HHV-6 antigen
expression, +++ — high HHV-6 antigen expression.

Among eight (44%) patients with HHV-6-positive myo-
carditis, the anti-HHV-6 IgM was detected in three (17%)
cases; the anti-HHV-6 IgG was found in three (17%)
cases; and blood serum anti-HHV-6 IgM and IgG were ab-
sent in two (11%) cases. At the same time, among virus car-
riers, anti-HHV-6 IgM was detected in one (20%) case and
anti-HHV-6 IgG was found in four (80%) cases. In five (28%)
patients without HHV-6 antigens expression, anti-HHV-6 IgM
was found in one (5.6%) case and anti-HHV-6 IgG was de-
tected in two (11%) cases (Table 2).

In all cases, anti-HHV-6 IgM value of 0.82 [0.78; 0.83] cor-
responded to a dubious result.

The groups had the clinical course of ADHF and/or ad-
verse LV remodeling as follows: duration of HF was high-
er in group 1 (p = 0.045) than in group 2 (11.0 [8.0; 12.0]
vs. 22.5 [14.5; 75.5] months, respectively). Furthermore,
the period from the diagnosis of IHD to the development
of HF was shorter by 80% in group 1 (p = 0.143) com-
pared with group 2 (14.0 [5.0; 72.0] vs. 70.0 [12.5; 117.0]
months, respectively). Patients of group 1 had higher rates
of heart rhythm disturbances and absent jugular venous
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distention. Patients of group 1 did notrequire inotropicdrugs at
admission.
In group 1, serum content of anti-HHV-6 IgM was higher

Table 4. Data of endomyocardial biopsy and immunohistochemical
analysis in patients with ADHF and/or adverse LV remodeling on admission

by 52% (p = 0.0002) compared with the corresponding value Parameter | Total group | Group 1 Group 2 pvalue
in group 2 (0.82 [0.78; 0.83] vs. 0.39 [0.22; 0.55], respective- ... [.0...|.. =29 ... =3 1. =13
ly). The anti-HHV-6 IgG.IeveI was lower by 70% in group 1 CD68+ o 3'5#()5 o0l 3'01.% o | 1 (1)5_106 o | 0289
(p = 0.849) compared with the corresponding value in group = 2 - 2 =
2 (0.69 [0.59; 6.94] vs. 2.35 [1.03; 4.15], respectively). CD3+ s o0 oa | o N o | B0110:1701| 1.000
The presence of HHV-6 antigen expression in group '1'20' '1'20' 120
1 was confirmed by EMB in four (22%) cases. In these ca- CD45+ [8.0;20.0] | [8.0;20.0] [8.0; 18.0] 0.849
ses, 25% (n = 1) of patients had high expression of HHV-6 HHV-6 -
antigen, 25% (n = 1) of patients had moderate expression positive 8 (32) 3 (60) 5(39) 0.410
of HHV-6 antigen; and 50% (n = 2) of patients had low ex- Wyocard'tfs
pression level of HHV-6 antigen. In group 2, the presence Virus carrier 5(20) 1(20) 431 0.648
of HHV-6 antigen expression was confirmed by EMB in €D 19 - - - -
nine (69%) cases: 23% (n = 3) of patients had high level Clq » g_-% o |40[20:45] | 15[1.0;3.0] | 0.142
of HHV-6 antigen expression; 15% (n = 2) of patients had '4‘0'
moderate level of HHV-6 antigen expression; and 31% MHC I [2.0: 16,0 | >5145:6.0 | 40[1.0:5.0] | 0.188
(n = 4) of patients had low level of HHV-6 antigen expres- Myocardial
. . . i 12 (48) 4 (80) 7 (54) 0.414
sion. No relationships were found between HHV-6 expres- necrosis
sion in the myocardium and serum levels of the antibodies. Myocardial
Positive tests for anti-HHV-6 IgG were more often detected fibrosis 20(80)16 | 5(100)/ 12 (92)/ 0.257
in patients with the low expression level of herpes antigens gzgegigtr';zl) (64) 5(100) o@n | o137
according to EMB. ,
; ; i ; Myocardial 5 (20 3 (60 2(15 0.649
No differences in echocardiographic parameters solerosis (20) (60) (15) :
and serum biomarkers were found between the groups The activity of inflammation in myocardial tissue according to the
(Table 3). classification of Basso, C. and et. al. [25]:
Grading
(burden of
myocyte 2001:0: 1 5 011.0;2.0] | 25[1.0;3.0] | 0.600
Table 3. Serum biomarkers and echocardiography parameters in patients damage and 3.0]
with ADHF and/or adverse LV remodeling on admission inflammation)
(G)
Group 1 Group 2 Staging (fibro- 3.0[3.0;
Parameter -value ging (fibro [3.0; . }
ST SUUUN SUURUN (Lt AU SUU =13 .. ] sis) (S) 40 | 30103011 30130401 | 0299
398.41 297.90 . .
NT-proBNP, ng/mL [386.21; 2424.70] [81.62; 665.20] 0.208 Note: Data are presented as the median, interquartile range [Q7,;Q3] for
- = : == : continuous non-normally distributed variables, or by frequency n (%),
Troponin I, ng/mL 0.18[0.01; 0.19] 0.22[0.16;0.53] | 0.503 C1q — compliment component, MHC Il — class |l major histocompatibility
. . complex, CD 19 — B-lymphocyte antigen, CD45 + — T-lymphocytes; CD3
CRP (hs), mg/L 4.03[0.66; 10.19] | 7.80[1.40;9.50] | 0.775 + - Tillore; CDBB + - monooytes/macrophages.
IL-1B, ng/mL 1.16[1.15;1.34] | 1.15[1.04;1.65] | 0.633
IL-10, ng/mL 4.63[4.51,473] | 1.16[3.74;4.85] | 0.503
IL-6, ng/mL 3.34[1.51; 10.51] | 4.09[3.15;4.86] | 0.849 Discussion
TNF-a, ng/mL 2.76 [1.64; 3.5] 3.07[2.37;3.32] | 0.775 In the present study, we show a high detection rate of
INF-y, ng/mL 550(5.28;6.11] | 4.70[3.85657] | 0.633 HHV-6-positive myocarditis (42%) and HHV-6 carriage (21%)
LVEF, % 225[19.2;28.8] | 26.6[18,6:29,5] | 0.924 according to EMB study in patients with ADHF and/or adverse
EDVI, mL/m? 99.7 [99.2; 118.5] | 96.3[69.7; 108.5] | 0.566 LV remodeling after complete myocardial revascularization.
ESVI, mL/m? 71.0[70.3;802] | 76.2[40.2,91.2] | 0775 The obtained data on the prevalence of HHV-6 in the myocar-

Note: Data are presented as the median, interquartile range [Q7,Q3] for
continuous non-normally distributed variables. TNF-a — tumor necrosis
factor alpha, INF-y — interferon gamma, IL — interleukin, C-RP (hs) —
C-reactive protein (highly specific), NT-proBNP — N-terminal prohormone
of brain natriuretic peptide, LVEF — left ventricular ejection fraction,
EDVI — left ventricular end-diastolic volume index, ESVI — left ventricular
end-systolic volume index.

There were no significant differences between the groups,
according to the results of IHC and EMB (Table 4). Increased
numbers of CD68+, CD3+, and MHC Il cells were observed
in all patients. Group 1 had higher CD3+ cell count and higher
complement C1q expression than the corresponding para-
meters in group 2. In group 1, areas of fibrosis and sclerosis
in the myocardium and cases of HHV-6-positive myocarditis
were observed more often. CD 19+ cells were not detected in
either group. The activity of inflammation in myocardial tissue
corresponded to G2; S3 in both groups (Table 4).

dial tissue correspond to the world literature. Over the past 30
years, there has been extensive discussion of whether viru-
ses are involved in HF [18-20]. It has been shown that HHV-
6 is more frequently detected in EMB samples from patients
with myocarditis [21]. However, the question on the effect of
chronic HHV-6 infection in ADHF and/or adverse LV remode-
ling remains controversial. Numerous works were devoted to
studying the role of herpes type 6 in pediatrics and neurology
[22] due to the vivid clinical picture [23]. This became another
reason for studying the HHV-6 prevalence and the clinical,
instrumental, and laboratory features in HHV-6-positive pa-
tients with ADHF and/or adverse LV remodeling.

According to the results of ELISA, anti-HHV-6 IgM in blood
serum was detected in 28% (n = 5) of patients and serum an-
ti-HHV-6 IgG was found in 61% (n = 11) of patients. However,
we did not find any correlation between HHV-6 antigen expres-
sion in the myocardial tissue and serum levels of anti-HHV-6
IgM and IgG. Our findings agree with the study by F. Mahfou
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et al. who were the first to show that detection of acute viral
infections by serological antibody tests does not correlate with
the detection of viral genome in EMB in patients with suspec-
ted myocarditis [24]. The low detectability of serum anti-HHV-6
IgM and the absence of relationships between HF decompen-
sation and previous infection indicate the latency and chronic
course of HHV-6 infection. Therefore, HHV-6 seropositivity is
not always associated with active inflammation in the myocar-
dial tissue whereas the negative tests for anti-HHV-6 IgM do
not rule out HHV-6 antigen expression and the presence of
inflammation in the myocardial tissue.

The clinical course of ADHF and adverse LV remodeling
were studied depending on the presence of anti-HHV-6 IgM
in blood serum, but we did not find any differences between
the groups. However, the following characteristics were found
in patients with high serum level of anti-HHV-6 IgM: these
patients had rapid HF development, predominance of heart
rhythm disturbances over other symptoms of decompensa-
ted HF, and no need for inotropic support.

It is known that HHV-6 is a T-lymphotropic virus and the
presence of activated T cells is observed as a sign of cardi-
ac damage in virus-induced myocarditis as shown by animal
models [18]. Our IHC data showed high numbers of CD3+
lymphocytes and CD68+ macrophages, signs of autoimmune
process (high complement C1q and MHC |l expression), and
foci of myocardial fibrosis and sclerosis according to the clas-
sification (C. Basso et. al), which all confirmed the presence
of chronic myocardial inflammation.
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