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Introduction. Alzheimer’s disease (AD) is a multifactorial disease that leads to a progressive memory loss, visu-
al-spatial impairments, emotional and personality changes. As its earliest pre-dementia clinical stage, amnestic
mild cognitive impairment syndrome (aMClI) is currently considered. Neuroinflammation plays a role in the devel-
opment and progression of aMCI and the initial stage of AD, which can be supported by immunological disorders of
a systemic character. Study of factors, including infections, influencing immune disorders and systemic inflamma-
tory response in patients with aMCl, is of great importance.

The aim of this study was to obtain new data on the possible role of herpesvirus infections in the development and
progression of aMCI.

Material and methods. 100 patients with aMCI diagnosis, 45 patients with AD, 40 people from the control group
were enrolled into the study. The frequency of DNA detection of herpesviruses (Epstein—Barr virus (EBV), human
herpesviruses (HHV) type 6 and 7, cytomegalovirus (CMV)), the levels of viral load and the serological markers
of herpesvirus infections (IgG to HHV-1, IgG to CMV) were determined. Immunological studies included an as-
sessment of the level of the main pro-inflammatory and anti-inflammatory cytokines, and indicators of humoral and
cellular immunity.

Results. The study found an increased detection rate of EBV in saliva and a higher level of EBV DNA in saliva in
aMCl and AD than in the control group. A relationship between the presence of active EBV infection and changes in
immunological parameters in patients with aMCI were found. It was also discovered that the level of IgG antibodies
to CMV is associated with the stage of AD.

Discussion. The results indicate a possible role of EBV- and CMV-induced infections in the development of immu-
nological changes which are typical for mild cognitive impairment and in the progression of AD.

Conclusion. The obtained data can be important for prognostic methods addressing AD development, including
its pre-dementia stage, and for new approaches to individualized treatment and prevention.
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BBepneHue. bonesHb Anburenmepa (BA) — mynstudakTopnaneHoe 3abonesaHve, BegyLlee K NporpeccupyoLLe-
MY CHWKEHWIO NaMATW, 3pUTENbHO-NPOCTPAHCTBEHHbBIX (DYHKUMIA, 3MOLMOHANBHBIM U NINYHOCTHBIM U3MEHEHUSAM.
B HacTosilee Bpemsi B kadyecTBe ero Hambornee paHHero A0AEMEHTHOrO KNMHUYECKOro aTana paccmaTpuBaeTcs
CMHAPOM MSFKOro KOTHUTMBHOIO CHWDKEHUS aMHecTuyeckoro Tuna (amnestic mild cognitive impairment, aMCl).
B pa3suTtum n nporpeccupoBanmm aMCl n HavanbHon ctagumn BA vrpaeT ponb HeMpoBoCNaneHne, KOTOpoe MOXeT
noaaepXnBaTbCA MMMYHOMOTMYECKMMN HapyLLUEHNAMU CUCTEMHOrO XxapakTtepa. C y4éTom 3TOoro npeacraBnsercs
aKkTyanbHbIM UccrefoBaHve akTopoB (BKIOYaA NHAEKUMOHHbIE), BANSAIOLLMX HA XapakTep UMMYHHOrO cTaTtyca
1 BblP@XXE€HHOCTb CUCTEMHOTO BOCNAaNMTENIbHOro OTBETA y CTpaAatoLLMX KOTHUTUBHBIMU PACCTPOUCTBaAMU anbLrei-
MEPOBCKOro TUMa Ha PasnuyHbIX cTagusx.

Llenb gaHHON paboTbl — NONy4YeHne HOBbIX AaHHbIX O BO3MOXHOW POSM repnecBMpyCcoB B BOSHUKHOBEHWUM U NPO-
rpeccum aMCl n BA.

Martepuan n metoabl. O6cnegoaHbl 100 6onbHbIX ¢ AnardHozom aMCl, 45 naumeHToB ¢ BA 1 40 nuy KOHTPOSb-
Hou rpynnbl. Onpegensinu vactoty BeiseneHns OHK repnecsupycos (Bupyc InwreniHa—bapp (EBV), repnecsu-
pycbl Yenoseka 6 n 7 Tunos (HHV-6, HHV-7), untomeranosmpyc (CMV)), ypoBHM BUPYCHON Harpysku, Ceponoru-
yeckme mapképbl repnecBupycHbix nHgekumi (MBU) (HHV-1- n CMV-nHdekummn). MimmyHonoruyeckne uccneno-
BaHWSA BKIOYaNM OLEHKY KOHLEHTPaLuyM OCHOBHBIX NPO- Y NPOTUBOBOCNANMTENbHbBIX LIMTOKMHOB, nokasaTenem
rymMOpanbHOTO W KNETOYHOro MMMYHUTETA.

Pe3ynbrathbl. YCTaHOBMNEHbI NOBbILEHHAsA YacToTa obHapyxeHus EBV B crntoHe n Gonee Bbicokue ypoBHu OHK
EBV B critoHe Npu KOTHUTUBHBIX PACCTPONCTBAX anbLreMMepoBCKOro TMna no CpaBHEHMIO C KOHTPOIbHOWN rPynnown.
BbigBneHo Hanuune cBs3M Mexay NpucyTCTBMEM akTUBHON EBV-mHMeKUnn n M3aMeHeHNaMn MMMYHONOMMYECKNX
nokasatenen y nuy ¢ aMCl. O6HapyxeHo, 4To ypoBeHb aHTuTen (AT) IgG k CMV cBsizaH co cTaguei KOrHUTUBHBIX
paccTponcTB y B6OMbHbIX.

O6cyxaeHue. PesynbraThl yka3biBalT HA BO3MOXHYI0 ponb 'BU, BbidbiBaembix EBV n CMV, B passutun nmmy-
HOMOrMYECKMX N3MEHEHWNI NPU MATKOM KOTHUTMBHOM CHVDKEHUW Y NPOrpeCcCMpoBaHnM KOTHUTUBHBIX PACCTPONCTB
anbLreMmMepoBCKOro Tuna.

3akntoyeHue. MonyyeHHble AaHHbIE MOTYT UMETb 3HavYeHne Anst pa3paboTkn MeToaoB NPOrHO3MPOBaHNS TEHEHMS
BA, B TOM 4ncne Ha eé JoAeMeHTHOW cTaaum, U NOAXOA0B K UHAMBUAYaANM3MPOBAHHON Tepanumn u NpodunakTuke.

KntoueBble cnoBa: 6051e3Hb Arnbuyzelimepa; Msi2koe KOZHUMUBHOE CHUXeHUe aMHeCmuU4Yecko20 muna; eocrnarie-
Hue; eepriecsupychbl; supyc dnwmelHa—bapp
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Introduction

Alzheimer’s disease (AD) is a multifactorial disorder
leading to progressive memory loss, visual-spatial
impairments, behavioral and personality changes. Most
people develop its symptoms at the age of >65 years. AD-
related dementia is seen as the final stage of long-term
progressive neurodegenerative brain damage; there are
currently no effective treatments. The preclinical stage
can last up to 25 years and is characterized by neuronal
cell death at faster rates than during the normal aging
process. AD symptoms become apparent after 75-85%
of the total cell number is lost. Approximately half of
patients tend to develop a syndrome of amnestic mild
cognitive impairment (aMCI) prior to dementia. They
tend to remain independent in their daily living activities
and are able to perform professional functions; however,
the patients and/or their family and environment notice
decline in cognitive abilities, which is confirmed by
neuropsychological tests. Patients with aMCI progress
to dementia at a rate of 10 to 15% per year [1]. These
data emphasize the importance of its prevention in
such patients: The therapy that would delay the AD
development for another 5 years and, therefore, would
help reduce the number of individuals affected by
dementia by 2.5 million in the United States alone [2].
Besides, development of prognostic methods addressing
cognitive disorders underlying aMClIs is of critical
importance. Therefore, a great deal of attention is given to
studying of the pathogenesis of this syndrome, including
identification of exogenous and endogenous factors that
may affect its progression [2].

Earlier, we and other researchers found the relationship
of levels of systemic inflammatory markers and humoral
immunity activation with the severity of Alzheimer-type
cognitive changes and the risk of aMCI progression
[3-5]. Exploration of the factors that cause immune
disorders and systemic inflammatory response is an
increasingly important area of aMCI research. There
is a hypothesis suggesting that infections caused by
opportunistic  pathogens, including herpesviruses,
may play a significant role in development and
maintaining of the inflammatory response during the
latent period of neurodegenerative diseases [6—11]. The
representatives of this group, including herpes simplex
virus type 1 or human herpesvirus 1 (HSV-1 or HHV-
1), human herpesvirus 6 (HHV-6), Epstein—Barr virus
(EBV), cytomegalovirus (CMV), are characterized by

tropism targeting nervous tissue and are able to invade
the brain. Some studies show that they are being found
in AD patients’ brain tissue with increasing frequency
[12, 13]. Even remaining latent, these infectious agents
activate microglial cells (macrophages or brain immune
cells), which release pro-inflammatory cytokines as well
as other mediators and cause oxidative stress, damage
and inflammatory response [14—16]. In the meantime, no
comparative studies have been performed so far to assess
the detection frequency for herpesviruses and viral loads
in saliva in patients with different severity levels of AD
and aMCI. Little attention has been given to the potential
relationship between herpes virus infection (HVI)
and clinical progression of Alzheimer-type cognitive
disorders.

This work was aimed to obtain new data on a potential
role of herpesviruses in development and progression
of cognitive disorders. The study objectives included
analysis of HVI markers in groups of aMCI and AD
patients, assessment of relationships between the viral
infections, the nature and extent of immune changes,
and the stage of the disease. For the above purpose, we
estimated the DNA detection frequency for herpesviruses
(EBV, CMV, human herpesvirus 6 and 7 (HHV-6, HHV-
7)), viral loads, HVI serological markers (for HHV-1 and
CMYV infections). The immunology research included
assessment of levels of major pro- and anti-inflammatory
cytokines as well as indicators of humoral and cell-
mediated immunity.

Material and methods

One of the study groups was composed of 100 patients
diagnosed with aMCI (aged 54-84 years; mean age 72.6
+4.6 years), 45 patients with AD (aged 64—86 years; mean
age 74.3 £ 5.7 years; out of them 17 with mild, 12 with
moderate, and 16 with severe dementia). The control
group included 40 individuals without cognitive disorders
and comparable with the main group in terms of age and
sex. The inclusion criteria were the ability of a patient
to sign and date the informed consent or the presence
of the patient’s representative authorized to perform the
above actions; the age >40 years; the AD diagnosis in
compliance with criteria adopted by NINCDS/ADRDA
(National Institute of Neurological and Communicative
Diseases and Stroke/Alzheimer’s Disease and Related
Disorders Association) and the score of <26 points based
on the Mini-Mental State Examination (MMSE) or the
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aMCI diagnosis in accordance with the operational
criteria combined with the MMSE score of >27 points;
the Hachinski scale-based score of <4 points; the Geriatric
Depression Scale score of <10 points. Patients did not
have any acute infectious diseases, acute inflammation of
the oral cavity or oral mucosa injuries. The participants
and their relatives read the study protocol and signed
the informed consent. The study was approved by the
Ethics Committee of the FSBSI «Mental Health Research
Center». All the enrollees underwent general clinical
examination, had their cognitive functions assessed
against the neuropsychological scales, and had their
saliva and blood samples collected.

The enzyme-linked immunosorbent assay (ELISA)
was performed to measure cytokine concentrations (in-
terleukins IL-1B, IL-8, IL-10, tumor necrosis factor al-
pha, TNF-a) in the patients’ blood serum (Cytokine LLC,
Russia), C-reactive protein as acute phase marker (Khe-
ma LLC, Russia), circulating immune components (Khe-
ma LLC), total immunoglobulin G (IgG) (Khema LLC),
IgG-class antibodies (ABs) for HHV-1 (Bender MedSys-
tems, Austria) and CMV (RADIM, Italy). To analyze the
variables of cell-mediated immunity, we used the mul-
ticolor flow cytometry technique (monoclonal ABs for
immunophenotyping (Becton Dickinson, USA) to dif-
ferentiate CD45, CD3, CD4, CDS, CD19, CD16, CD56,
HLA-DR antigens.

The DNA of lymphotropic herpesviruses: HHV6,
HHV7, EBV, and CMV — were identified and quantified
by using a real-time polymerase chain reaction (PCR)
with fluorescent dye-labelled probes. We used an
AmpliPrime RIBO-prep reagent kit to extract nucleic
acids from the clinical material (AmpliSens, Russia),
hemolytic reagent (AmpliSens), an AmpliSens EBV/
CMV/HHVé6-screen-FL kit (AmpliSens) to identify and
quantify EBV, CMV, and HHV-6 DNAs in the clinical
material, and the AmpliSens HHV7-screen/monitor-
FL (AmpliSens), a similar kit of reagents for detection/
quantification of the HHV-7 DNA. These reagent kits
were designed at the FSBI «Central Research Institute for
Epidemiology» of Rospotrebnadzor (the Russian Federal
Service for Surveillance on Consumer Rights Protection
and Human Wellbeing) in compliance with the TU 9398-
095-01897593-2012 requirements and have a medical
product registration certificate (RC) issued on 18.10.2019
under the number FSR 2010/09502.

The testing was performed in two steps: amplification
of regions of viral DNA and fluorescent detection per-
formed during PCR. The obtained DNA samples were
used for amplification of the fragment of the viral nuc-
leic acid with the help of region-specific primers and
a Tag-polymerase enzyme. The reaction mix included
fluorescent-labeled oligonucleotide probes, which were
hybridized with a complementary region of the amplified
target DNA, thus leading to increased intensity of fluores-
cence. To have DNA extracted from the cell-containing
clinical material, the human genome region (a DNA frag-
ment of B-globin gene (ICS Glob) — endogenous internal
control sample) was amplified, thus making it possible to
monitor the PCR stages (DNA extraction and PCR pro-
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cess) and to assess the adequacy of material collection
and storage. The obtained data (fluorescent signal accu-
mulation curves) were analyzed by using the software of
the Rotor-Gene Q cycler (Qiagen, Germany). The result
of amplification for a channel was considered positive,
if the fluorescence curve was S-shaped as it was typical
of real-time PCR and crossed one time the threshold line
within the region of significantly increased fluorescence.
Based on the known values of DNA concentration in
standard samples (calibrators), the cycler software auto-
matically calculated viral DNA concentrations in the
studied samples per volume unit and/or per the specified
number of cells.

Following the manufacturer’s guidelines for the reagent
kits, the DNA concentration per 1 ml of saliva sample
(CONCDNA) was calculated by the formula:

CONCDNA = CDNA x 100 (copies/ml), )

where CDNA is the number of viral nucleic acid copies
in a DNA sample.

Saliva samples were collected from the patients in
accordance with the Collection, Transportation, and
Storage of Clinical Material for PCR Diagnostics
Guidelines prepared at the Central Research Institute of
Epidemiology of Rospotrebnadzor. Before biomaterials
were collected, the patients had rinsed their mouths three
times with saline solution. The saliva in the amount of
min 1.0 ml was collected in disposable, tightly sealed
sterile plastic tubes.

The statistical analysis of the data was performed
by wusing standard Excel (Microsoft 2010) and
STATISTICA 10 (StatSoft 2010) programs. The sampling
size was estimated with reference to the statistical power
sufficient for obtaining significant differences between
groups. The mean values of quantitative variables were
shown as M + 95% confidence interval. The distribution
was checked for normality by using the Shapiro—Wilk test.
When the distribution was significantly different from
the normal pattern, we performed log transformation.
The significance of differences in quantitative variables
between the groups was assessed by using Student’s t-test;
the correlations were evaluated by using Spearman’s
rank correlation coefficient (rs). The differences were
considered statistically significant at p <0.05.

Results

The herpesvirus detection frequency in patients with
Alzheimer-type cognitive disorders

The quantification of the herpesvirus genetic material in
the patients’ saliva showed that the EBV DNA detection
frequency and its levels in aMCI and AD patients with
dementia significantly exceeded the comparable variables
in the control group (Fig. 1, 2). The mean level of EBV
DNA in Alzheimer-type cognitive disorders was by many
times higher than the similar level in the control group.
At the same time, there were no significant differences
in the frequency of detection of nucleic acids of other
herpesviruses (HHV-6, HHV-7, and CMV) in saliva; no
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differences were found for the mean value of viral DNA
levels in the saliva (Fig. 2).

The relationship between the EBV-infection
with a high viral load and immunological
characteristics in amnestic mild cognitive impairment

During our previous studies, we found the
immunological heterogeneity of the aMCI syndrome
and we described its immunological variants (Table).
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Fig. 1. The frequency of detection of Epstein—Barr virus and
of human herpesvirus type 6 in the saliva of the patients with
Alzheimer’s disease (n = 45), amnestic mild cognitive impairment
(aMCI) (n = 100) and in the control group (n = 40).

Note. * — significant differences with the control group.

OPUTUHAJIbHbBIE UCCNEAOBAHNA

We identified unfavorable prognostic significance of
the elevated levels of systemic inflammation mediators,
which were accompanied by a decrease in total IgG [17].
These data and increased frequency of EBV detection in
aMCI were used to analyze the relationship between EBV
infection with a high viral load and immune disorders in
the patients. The viral DNA level >10,000 copies/ml in
saliva and/or >500 copies/10° cells in blood was used as
a criterion (taking into account the previous data) [18].

4,95%

4,42%

3,14
3 2,78 29 286

DNA, Ig copies/ml

EBV HHV-6
[] AD
[ aMcI
B Controls

Fig. 2. The mean concentration of the DNA of Epstein—Barr virus
and of human herpesvirus type 6 in the saliva of the patients with
Alzheimer’s disease, amnestic mild cognitive impairment (aMCI)
and of the volunteers of the control group that had the DNA of these
viruses in the saliva.

Note. * — significant differences with the control group.

The immunity parameters depending on the presence of systemic inflammation and on IgG levels in the patients with aMCI

Parameter Systemic inflammation No systemic inflammation Controls
1gG>10 g/1 1gG <10 g/l I1gG>10 g/1 1gG <10 g/1

1gG, g/l 142+09 9,0+0,3* 13,1+0,9 9,1 £0,5% 12,1 +1,4
CIC, units 116,8 = 17,7* 1152 +249 87,3+16,3 67,6 £ 11,6 79,3 +£16,5
CD45+CD3+CD4+, % 49,7 £2,3* 42,6 £2,5 492 +55 353+£59 423+26
CD45+CD3+CD8+, % 242425 22,6 £2,8 24,9+4,5 274+35 26,5+2,4
CD3+CD4+CD25+, % 2,3+£0,3 1,8+£0,3 2,5+0,1% 1,4+0,3 1,8+0,3
CD3-CD16+CD56+, % 15,1+2,8 13,9 +3,7 14,7+7,8 16,4+ 5,6 13,6 £ 1,6
CD3+CD16+CD56+ TNK, % 10,7 + 2,8%* 11,0 +3,3* 58+1,6 7,0+2,3 48+1,0
HLA-DR+CD3-, % 13,4+ 1,7 11,2+1,3 9,7+ 0,9* 17,3 £ 1,4% 122+1,3
HLA-DR+CD3+, % 342+0,7 55+1,6 2,7+04 48+2,1 2,8+0,6
CD19+, % 10,21 £ 1,7 7,9+0,9 82+1,0 11,5+1,5* 7,9+0,8
IL-10, pg/ml 6,3+2,1 19,4 £ 6,7* 6,6 +32 21,1 £16,3 58+0,7
IL-1pB, pg/ml 13,8 +4,9%* 14,0 £2,7* 5,2+£4,5% 17,6 +7,7* 34+1,2
TNF-0, pg/ml 2,2+0,5% 3,1 +1,0% 34+20 2,1+£1,3 1,3+03
C-reactive protein, mg/l 152 +5,5% 9,8 +£3,4%* 1,6 +£0,5 1,6 £0,4 1,7+0,1

Note. * — significant (p <0.05) differences with the control group.
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Fig. 3. The levels of CD3—CD16+CD56+ NK-cells, CD3+CD16+CD56+ TNK-cells and CD3+CD8+ cytotoxic T-cells depending on the
presence of the EBV infection with high viral load in the patients with aMCI that had systemic inflammation and IgG levels >10.0 g/1.

Note. * — significant differences with the control group.
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Fig. 4. The levels of CD3—CD16+CD56+ NK-cells, CD3+CD16+CD56+ TNK-cells and CD3+CD8+ cytotoxic T-cells depending on the
presence of the EBV infection with high viral load in the patients with aMCI that had systemic inflammation and IgG levels <10.0 g/1.

Note. * — significant differences with the control group.

The results showed that the relationship between
EBV infection and the immunity parameters was dif-
ferent depending on the immunological variant of
the syndrome. For example, in aMCI patients with
systemic inflammation (the increased levels of C-re-
active protein >5 mg/l along with the increased con-
centration (=2) of pro-inflammatory cytokines IL-1p,
IL-8, TNF-0) and level of total IgG >10 g/l (29 pa-
tients out of 100), active EBV infection (8 patients
out of 29) was associated with the decreased num-
bers of CD3-CD16+CD56+ NK-cells (8.27 + 1.96%,
in the control group — 17.9 £+ 5.62%; p <0.05). At the
same time, these patients demonstrated the tendency
to elevated levels of CD3+CD8+ T-cells (cytotox-
ic T-lymphocytes) that increased to 28.07 + 2.24%
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(in the absence of active infection caused by the
above virus — 22.17 £ 1.7%; the control group — 26.5
+ 2.4%); the number of CD3+CD16+CD56+ TNK-
cells also increased as compared to the control group
(p <0.05) (Fig. 3). The identified changes could be as-
sociated with the response to the viral infection; the
patients also demonstrated prevailing activation of ac-
quired mechanisms of antiviral response together with
certain signs of decreasing activation of innate path-
ways. These manifestations of possible imbalance in
the antiviral response require further study.

In the subgroup of aMCI patients having symptoms
of systemic inflammatory response and IgG <10 g/l
(37 participants out of 100), active EBV infection (14
patients out of 37) was associated with decreased levels
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Fig. 5. The levels of tumor necrosis factor a (TNF-a) in the patients with aMCI without the signs of systemic inflammation depending on the
presence of the EBV infection with high viral load.

Note. * — significant differences between the groups.
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Fig. 6. The levels of immunoglobulin G to cytomegalovirus (CMV) and to herpes simplex virus type 1 (HHV-1) in the patients with aMCI
and with Alzheimer’s disease of different stages of dementia.

Note. * — significant differences with the control group.

of CD3+CD8+ cytotoxic T-cells to 16.07 £+ 2.47% (the
normal level is 26.5 + 2.4%; p <0.05) along with elevated
levels of NK-cells and normal ones of TNK-cells (Fig. 4).
Thus, this category was characterized by prevailing innate
mechanisms of antiviral immune response without any
obvious signs of activation of the adaptive pathways of
antiviral immunity.

Therefore, among the aMCl patients (66 out of 100) with
symptoms of systemic inflammation, EBV infection with
a high viral load was accompanied by imbalance in the
activation of cell-mediated immune responses. It may be
assumed that infection caused by this virus can be one

of the factors maintaining prognostically unfavorable
immune disorders in patients.

In the aMCI patients without obvious symptoms of sys-
temic inflammation (34 patients out of 100), active EBV
infection (15 patients out of 34) was associated with el-
evated levels of one of the most important pro-inflam-
matory cytokines, TNF-a; its levels were higher than
the reference ones, though no relationship between the
concentration levels of other studied cytokines and the
immunity parameters was found (Fig. 5). The absence
of symptoms of systemic inflammatory response in this
subgroup, regardless of the level of the herpesviral load
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in saliva, requires further exploration of possible genetic
factors, chronic bacterial infections and other reasons that
may have an impact on the extent of systemic inflamma-
tory responses.

Byandlarge, considering immunosuppressive properties
of EBV and its ability to activate the NF-kB transcription
factor by inducing the systemic inflammatory response,
the results suggest the possible relationship between EBV
infection and development of immune disorders in aMCI
patients.

Serological markers of viral infections at different
stages of Alzheimer-type cognitive disorders

The assessment of the levels of serological markers of
viral infections among aMCI and AD patients showed that
the CMV IgG level was significantly higher in the AD
patients having mild dementia than among the patients
of the control group. Its moderate stage showed only the
tendency towards the CMV IgG increasing levels, while
the increase was not significant. Cases of severe dementia
did not demonstrate significant changes in the CMV
IgG levels (Fig. 6). Taking into account the literature
data on adverse impacts of CMV on ageing processes
and neurodegeneration, the obtained results can imply
a special role of CMV infection during the transition from
mild cognitive impairment to dementia.

At the same time, no significant changes in the HSV
IgG levels were found in the aMCI and AD patients,
though these levels demonstrated an upward trend in the
AD patients during all stages of dementia.

Thus, our study demonstrated the increased frequency
of EBV detection in saliva and elevated levels of the
viral DNA in saliva in the patients with Alzheimer-
type cognitive disorders compared to the control group.
It also demonstrated the relationship between active
EBV infection and changes in the immunological
characteristics among the aMCI patients. In addition, it
was found that the CMV IgG level was associated with
stages of Alzheimer-type cognitive disorders.

Discussion

The obtained results imply that EBV and CMV-caused
HVI can be involved in development of immunological
changes in mild cognitive impairment and progression of
Alzheimer-type cognitive disorders.

With reference to the significance of identified
differences in the EBV DNA detection frequency in
AD patients compared to the same value in the control
group, it should be noted that although adult individuals
demonstrate almost 100% EBYV infection prevalence, the
amount of the viral nucleic acid extracted from saliva can
be insufficient for detection by using an AmpliSens EBV/
CMV/HHV6-screen-FL kit with analytical sensitivity
of 400 DNA copies/ml. Thus, the differences in the
frequency of detection of the viral DNA in saliva could
result from its levels not reaching the minimum detection
threshold in some of the participants.

The viral involvement in development of Alzhei-
mer-type cognitive disorders has been studied for quite
a long time, though most of the available data refer to
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the human herpesvirus 1 (HHV-1). The proofs of the re-
lationship between the HHV-1 infection and AD have
been studied for nearly 30 years. It was found that in her-
pesviral encephalitis caused by HHV-1 and in AD, the
same areas of the brain were affected [19]. Later, it was
demonstrated that during long-time infections the virus
was able to cross the blood-brain barrier (BBB) and was
detected at autopsy study of the brain of individuals aged
>45 years with the probability of more than 50% [20].
This infectious agent is detected mainly in temporal and
frontal lobes (the most affected during AD) [21]; these
are areas that are also involved in the process in acute
herpesviral encephalitis. Besides, HHV-1 ABs are detect-
ed in cerebrospinal fluid of most of the elderly people,
both healthy and having AD. In brain tissues of younger
people and children, the virus and its ABs are generally
not detected. The ability of HHV-1 to cross BBB may
depend on the efficiency of the immune response of the
individual [20]. In situ PCR and ELISA with B-amyloid
staining demonstrated that 90% of amyloid plaques in AD
patients and 80% in healthy people contain HHV-1 DNA.
In the meantime, 72% of the total viral nucleic acid de-
tected in the brain is localized in plaques in AD patients
compared to 24% of the amount in healthy individuals
of the same age [22]. These data suggest possible partic-
ipation of HHV-1 in formation of amyloid plaques and
causing neuronal damage during this disease.

The tests show the relationship between the activity of
HHV-1 infection and the risk of AD development. Patients
with aMCI demonstrated higher avidity of IgG ABs to
this virus as compared to healthy participants and AD
patients. The presence of this phenomenon in the infected
is seen as a marker of HHV-1 infection reactivation.
Therefore, this mechanism can act as a pathogenetic factor
during early stages of the disease development [23]. The
data of other researchers, who conducted a 12-year-long
study involving 512 senior volunteers who had normal
cognitive functions as of the starting date, showed that the
AD patients (77 people) demonstrated more frequently
seropositivity for HHV-1 IgM antibodies (odds ratio,
OR = 2.55), which may be indicative of the pathogenetic
role both of the primary HHV-1 infection and of its
possibly reactivation [7].

The number of studies focusing on other herpesviruses
as risk factors for AD is much smaller than the number
of HHV-1 studies. However, there are some data show-
ing the role of EBV, CMV, and HHV-6 as risk factors. It
was found that the HHV-6 DNA is detected in the brain
of AD patients significantly more frequently than on
healthy individuals. In more than fifty percent of cases,
both HHV-6 and HHV-1 are detected in brain tissues of
patients. However, as of today, there are no data proving
the relationship between the presence of an ApoEe4 al-
lele (the most significant genetic risk factor for sporadic
AD) and the frequency of detection of HHV-6 genetic
material in the brain of patients. In one of the studies,
the ABs to the above virus were detected in the cerebro-
spinal fluid of 22% of AD patients; however, they were
not detected in the control group [20]. The results show-
ing that AD patients have high probability of detection
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EBYV and HHV-6 DNAs in nuclei of white blood cells are
of particular interest [6]. Furthermore, the cohort study,
which lasted 5 years and included 164 senior volunteers
with normal cognitive functions as of the starting date,
demonstrated that at the onset of the study, the probabil-
ity of detection of EBV and/or HHV-6 nucleic acids in
nuclei of white blood cells was much higher among the
patients who developed AD during 5 years. Seropositivi-
ty for EBV or HHV-6-specific IgGs was associated with
increased risk of the disease [6].

There is indirect evidence of potential CMV
significance in AD pathogenesis. For example, elevated
serum levels of neopterin, a catabolic product of
guanosine triphosphate synthesized by macrophages
as an antimicrobial agent, are nonspecific markers of
active viral infection. Some studies have demonstrated
that neopterin can serve as an indicator of acute CMV
infection. In AD patients, its levels correlate with CMV
IgM AB levels and the degree of cognitive impairment,
thus implying the role of the latter in AD progression [8].
There are also data showing that AD is characterized by
the association between CMV IgG and HHV-1 IgG AB
detection. Note that among the CM V-positive individuals
with the above disease, the probability of anti-HHV-1
IgG detection is higher than among the individuals
from the control group [24]. These data suggest that
the CMV and HHV-1 herpesvirus association can play
a role in the AD pathogenesis. It should be pointed out
that the discussed study [24] did not find any differences
between the study groups and the control ones in levels
of CMV antibodies, thus contravening our results.
The controversy can be explained by the fact that the
researchers did not divide the participants into groups
depending on their stage of dementia [24]. Our data
show that although patients with initial symptoms of
dementia had elevated CMV IgG levels, patients with
severe dementia demonstrated a downward trend in
CMV IgG levels, which could be associated with a
lower level of total IgG production in this category of
participants [3]. The absence of differences in HHV-1
IgG levels during different stages of cognitive disorders
is consistent with findings of other researchers, which
demonstrate that the AD development is accompanied
by increasing HHV-1 IgM levels. This fact proves the
role of acute HHV1 infection or its recurrences in the
disease pathogenesis [7].

Conclusion

The analysis of literature data confirms that there is
evidence of the relationship between HHV-1 infection of
the central nervous system (CNS) and AD progression,
including the adverse effect of active HHV-infection
on the probability of its development. The relationship
of EBV, CMV, HHV-6, and HHV-7 with the risk of this
disease is significantly understudied. Furthermore, the
influence of HVI on systemic immunity characteristics
in Alzheimer-type cognitive disorders has been poorly
studied, though there are data on immunotropic effects of
herpesviruses and on aMCI and AD-associated changes
in immunological parameters.

OPUTUHAJIbHbBIE UCCNEAOBAHNA

For the first time, we obtained the data proving the
increased frequency of EBV detection in saliva, higher
levels of viral DNA in the saliva of aMCI and AD
patients as well as the relationship of EBV infection with
the extent and nature of immune disorders in different
(including those associated with high risk of cognitive
disorder progression) immunologic versions of the aMCI
syndrome. Higher CMV IgG levels were detected in AD
patients having mild dementia. The results suggest that
HVI caused by EBV and CMV may play an important
role in development of immunological changes in mild
cognitive impairment and progression of Alzheimer-
type cognitive disorders. The obtained data can be useful
for prognostic methods addressing AD development,
including its pre-dementia stage, and for new approaches
to individualized treatment and prevention.
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